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CHAPTER  LXX. 
SURGERY  OF  THE  VASCULAR  SYSTEM. 

By  Rudolph  Matas,  M.  D., 

NEW    ORLEANS. 

L  SURGERY  OF  THE  PERICARDIUM  AND  THE  HEART. 

SURGERY  OF  THE  PERICARDIUM. 

Historic  Memoranda. — In  1648  Riolan  first  suggested  drainage  of  the  pericardial 
sac  and  recommended  that  the  lower  end  of  the  sternum  be  trephined  for  the  purpose. 
In  1798,  a  century  after,  Desault  and  Larrey  independently  attempted  to  evacuate 
the'  pericardial  sac  by  different  routes,  the  latter  by  the  left  costoxiphoid  space, 
but  failed  in  both  instances  because  of  mistaken  diagnosis.  Laennec  in  1819  greatly 
contributed,  by  his  powerful  influence,  in  encouraging  pericardiotomy.  He  advised 
Riolan's  plan  of  trephining  the  sternum  at  the  xiphoid  cartilage.  The  first  successful 
pericardiotomy  was  performed  by  Romero,  of  Barcelona,  in  1819,  who  incised  the 
chest  in  the  fourth  and  fifth  interspaces  near  the  sternum.  He  saved  two  patients. 
The  great  epidemic  of  scurvy  in  Cronstadt  and  the  Baltic  provinces  gave  numerous 
opportunities  to  Russian  surgeons  (Karaneff,  Kyber,  et  al.)  to  tap  the  pericardium 
for  the  relief  of  hemorrhagic  pericarditis.  In  1854  Trousseau  and  Lasegue  greatly 
aided  in  the  establishment  of  this  operation  by  their  influential  advocacy. 

The  method  of  puncture  and  aspiration  supplanted  all  other  methods  of  puncture 
in  France  and  other  countries  after  1869,  in  consequence  of  the  eloquent  representa- 
tions of  Dieulafoy  in  France.  Bowditch,  of  Boston,  likewise  influenced  the  pro- 
fession in  America.  Wheelhouse,  of  Leeds  (1866);  West  (1882),  in  England;  J.  B. 
Roberts  (1876-97),  America;  Rosenstein  and  Hindenlang  (1879),  in  Germany,  firmly 
established  the  value  of  pericardicentesis  as  a  curative  procedure  in  their  respective 
countries. 

With  the  advance  of  asepsis,  a  tendency  to  return  to  the  open  methods  of 
incision  is  everywhere  noticeable.  The  greater  safety  of  aseptic  open  pericardiotomy 
over  the  uncertainties  of  puncture,  with  its  risk  of  injuring  the  heart,  is  urged  by 
J.  B.  Roberts,  C.  B.  Porter,  Stephen  Paget,  von  Eiselsberg,  Kocher,  Allingham, 
Pendlebury,  and  other  surgeons,  and  this  mode  of  procedure  gains  ground  grad- 
ually but  surely. 

Surgical  Anatomy.— The  Pericardium.— The  outline  of  the  peri- 
cardium is  that  of  a  truncated  cone,  with  the  apex  pointing  upward 
vol.  v— 2  17 
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and  with  the  base  resting  on  the  diaphragm.  The  base  is  directed 
slightly  downward  and  to  the  left.  The  line  of  the  base  crosses  the 
ensiform  cartilage  at  its  junction  with  the  sternum,  commencing  2  cm. 
to  the  right  of  the  right  sternal  border,  and  ends  6  to  8  cm.  (3  to  4  inches) 
to  the  left  of  the  sternum,  in  the  fifth  interspace.  The  right  border  of 
the  pericardium  may  be  indicated  by  a  slightly  convex  line  going  out- 
ward and  upward,  from  the  beginning  of  the  base  line  on  the  right  of 
the  sternum,  reaching  a  point  1  to  2  cm.  to  the  right  of  the  sternum  on 
a  level  with  the  second  right  costal  cartilage.  It  then  approaches  the 
sternum  and  is  lost  behind  it  on  the  left  side.  The  left  lateral  outline 
of  the  pericardium  begins  inferiorly  at  the  left  end  of  the  base  line,  in 
the  fifth  interspace,  and  ascends  obliquely  upward  to  a  point  slightly 
to  the  outside  of  the  left  sternoclavicular  articulation.  The  two 
lateral  boundaries  of  the  pericardium  thus  indicated  would,  if  prolonged 
from  this  last  point  downward,  meet  on  a  level  in  the  right  second  inter- 
costal space,  at  the  sternal  junction.     The  anterior  layer  of  the  peri- 


Fio.  1. — Outline  of  the  Heart  and  Aorta  Fiq.  2. — Outline    of    Heart,   Pleura,  and 

on  the  Anterior  Wall  of  the  Thorax.  Lungs,    Showing     the     Interpleural 

(Terrier  and  Reymond.)  Pericardial  Space.     (Terrier  and  Rey- 

mond.) 

cardium  is  separated  (in  the  anteroposterior  plane)  from  the  sternum 
above  by  an  interval  of  3  to  5  cm.;  below,  by  a  thickness  of  1  cm. 
While  the  pericardial  serosa  is  everywhere  brought  in  intimate  contact 
with  the  heart  (Poirier),  and  is  in  constant  touch  with  it,  so  that  it 
follows  all  its  movements,  it  also  forms  several  duplications  or  culs- 
de-sac  at  various  points,  which  become  distended  when  effusions  fill 
the  pericardial  sac.  Of  these,  the  anterior  lower  cul-de-sac  is  of  surgical 
importance  in  tapping  the  pericardium,  as  we  shall  see  later.  At  the 
diaphragmatic  plane  of  attachment,  on  a  line  with  the  costophrenic 
angle,  it  is  folded  on  itself  for  a  distance  of  1  to  2  cm.  It  is  possible 
to  perforate  the  pericardium  at  this  point  without  touching  the  heart. 
The  parietal  reflections  at  the  base  of  the  heart  follow  the  course  of 
the  great  blood-vessels  in  an  irregular  line,  which  attains  its  greatest 
height  at  a  point  corresponding  to  the  posterior  surface  of  the  origin 
of  the  right  innominate.  This  would  be  about  the  middle  of  the  manu- 
brium sterni.  The  aorta,  up  to  the  origin  of  the  innominate,  and  the 
pulmonary  artery,  up  to  its  bifurcation,  are  enveloped  by  the  pericardial 
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serosa.     Injury  to  these  vessels  would  be  followed  by  an  immediate 
hemorrhage  into  the  pericardium.     The   pericardium  is  of  variable 
thickness, — usually  1  mm., — sometimes  much  thinner.    It  is  of  a  white, 
dull  color,  by  which  it  can  be  distinguished  readily  from  the  pleura, 
which  is  translucent. 

The  Internal  Mammary  Artery. — The  internal  mammary  arteries 
are  usually  described  as  passing  perpendicularly  downward  from  their 
origin  in  the  subclavian  on  each  side  of  the  sternum  behind  the  carti- 
lages of  the  ribs,  about  one-half  inch  outside  of  the  sternal  margin. 
The  tendency  of  each  artery  is  to  depart  slightly  from  the  margin  of 
the  sternum  from  above  downward.  Voinitch-Sianojentzky,  after  a 
careful  study  of  many  cadavers,  state  that  the  average  distance  of  the 
artery  in  the  fourth  interspace  is  1.6  cm.;  in  the  fifth,  2  cm.;  in  the 
sixth,  2.5  cm.  As  these  are  the  most  important  interspaces  from  the 
surgical  point  of  view,  we  need  not  consider  the  other  relations  of  the 
artery. 

The  Anterior  Pleural  Culs-de-sac. — These  follow  a  direction 
which  is  variable  in  normal  individuals,  and  is  made  still  more  irregular 


Fio.  3. — Anomalous  Variations  in  the  Posi- 
tion op  the  Left  Pleura.  (Terrier  and 
Reymond.) 

The  left  pleura  is  shown  crossing  the  middle  line. 


Fia.  4. — Anomaly  of  Right  Pleura. 

(Terrier  and  Reymond.) 

It  is  shown  crossing  the  median  line. 


by  pathologic  conditions  which  involve  the  lungs  and  chest-walls  in 
various  ways,  and  from  other  causes.  It  is  in  regard  to  this  part  of 
the  topography  of  the  chest  that  the  differences  between  authors  are 
most  marked.  (See  Dr.  Irving  Haynes'  paper.)  The  discrepancies  are 
due,  according  to  Voinitch,  to — (1)  The  great  frequency  of  normal  indi- 
vidual variation;  (2)  the  greater  frequency  of  pathologic  variations 
which  influence  the  anterior  attachments  of  the  pleura;  (3)  to  the 
diversity  of  methods  employed  in  making  the  investigation.  Accord- 
ing to  Bochdalek,  out  of  fifteen  adult  subjects,  not  one  was  found  with 
perfectly  normal  pleurae.  The  study  of  the  relation  of  the  pleura  to 
the  chest-wall  is  very  important  to  the  operator  who  is  interested  in 
avoiding  the  pleura  while  puncturing  or  opening  the  pericardium,  in 
draining  the  sac,  or  when  operating  on  the  heart.  The  fear  of  septic 
infection  of  the  pleura  while  puncturing  or  incising  the  pericardium  in 
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pus  cases,  also  of  causing  surgical  pneumothorax  accidentally,  justifies 
the  great  importance  attached  to  the  subject.  Voinitch-Sianojentsky 
calls  attention  to  the  fact  that  the  topographic  relations  of  the  pleura 
to  the  chest-wall  and  the  pericardium  are  influenced  by  a  variety  of 
pathologic  conditions.  Thus,  adhesions  in  the  right  pleural  cul-de-sac 
draw  it  toward  the  right  side;  adhesions  in  the  left  pleural  cul-de-sac 
draw  it  toward  the  left;  adhesions  in  both  pleural  culs-de-sac  cause  a 
retraction  of  both  pleurae  and  increase  the  width  of  the  interpleural 
space,  thereby  uncovering  the  surface  of  the  pericardium  in  the 
anterior  mediastinum  to  a  larger  extent.  The  older  the  adhesions, 
the  more  fixed  and  extensive  they  are,  the  greater  their  influence  in 
retracting  the  pleural  borders.  In  addition,  pleural  effusions,  pul- 
monary lesions — emphysema  especially;  scoliosis,  marasmus,  abdominal 
tumors,  ascitic  accumulations;  cardiac  hypertrophy  and  dilatation 
and  pericardial  effusions  all  change  the  normal  relations  of  the  pleural 
sacs  to  the  anterior  mediastinum,  and  contract 
or  enlarge  the  free  pericardial  interpleural 
space.  Contrary  to  the  views  of  other  author- 
ities, Voinitch  believes  that  in  pericardial  effu- 
sions the  interpleural  space  is  widened,  and 
that  the  floor  of  the  sac  is  lower  and  displaced 
anteriorly,  so  that  the  anterior  pericardial  cul- 
de-sac  descends  between  the  diaphragm  and  the 
thoracic  wall.  According  to  his  view,  the  lowest 
point  of  drainage  would  be  on  a  level  with  the 
sixth  left  costal  space. 

The  Anterior  Mediastinum  or  the  Inter- 
pleural Space;  the  Uncovered  Pericardial 
Triangle  of  Voinitch-Sianojentsky. — By  mak- 
ing a  composite  study  of  a  series  of  superim- 
posed tracings  of  the  anterior  pleural  margins 
taken  from  normal  subjects,  Voinitch  was  able 
to  obtain  the  outline  of  a  small,  irregularly  tri- 
angular space,  which  represented  the  pleura- 
free  or  uncovered  surface  of  the  pericardium. 
The  long  axis  of  the  space  lies  1 J  cm.  to  the  left  of  the  middle  line  of 
the  sternum,  and  runs  parallel  with  the  vertical  line  drawn  through 
the  seventh  left  chondro-sternal  articulation.  This  triangle  is  bounded 
above  by  a  horizontal  line  which  crosses  the  lower  border  of  the  fifth 
chondro-sternal  articulation,  and  below  by  another  horizontal  line 
which  crosses  the  seventh  chondro-sternal  joint  and  the  base  of  the 
xiphoid  cartilage.  An  exploring  needle  introduced  directly  forward 
into  the  sixth  interspace,  close  to  the  sternal  margin,  will  penetrate  the 
pericardium  without  injuring  the  pleura  or  touching  the  mammary 
vessels,  and  will  drain  the  antero-inferior  pericardial  cul-de-sac  where 
the  accumulations  are  always  present  when  a  patient  is  in  a  semi- 
recumbent  position.  This  spot  we  shall  henceforth  refer  to  as  Voinitch's 
" triangle  of  safety." 


Fig.      5. — "  Triangle      or 
Safety  "    op   Voinitch 

AND  SlANOJKNTSKY. 

(Terrier  and  Reyinond.) 
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Lungs. — From  the  sternal  ends  of  the  clavicle  the  lungs  converge 
so  that  their  thin  edges  meet  in  the  mesial  line,  on  the  level  with  the 
second  costal  cartilage.  From  the  level  of  the  second  costal  cartilage 
to  the  fourth  the  margins  of  the  lungs  lie  parallel  or  nearly  so,  close 
behind  the  middle  of  the  sternum.  Consequently  their  thin  edges 
overlap  the  great  vessels  and  the  valves  at  the  base  of  the  heart. 
Behind  the  level  of  the  fourth  costal  cartilage  the  margins  of  the  lungs 
diverge,  but  not  equally.  The  margin  of  the  right  follows  the  direction 
of  the  cartilage  of  the  sixth  rib;  the  margin  of  the  left  lung  is  notched 
for  the  heart,  and  runs  behind  the  cartilage  of  the  fourth  rib.  A  line 
drawn  perpendicularly  from  the  liver  would  find  the  lower  lung-margin 
about  the  lowest  part  of  the  sixth  rib  (Holden).  In  deep  inspiration 
the  lung-margins  descend  about  H  inches.  In  children  the  lungs  are 
separated  in  front  by  the  thymus;  about  the  approach  of  puberty  this 
gland  disappears. 

For  clinical  purposes  Latham's  description  of  the  uncovered  cardiac 
area  (least  resonant  to  percussion)  is  valuable:     "Make  a  circle  of  2 


Fio.  6. — Recesses  and  Pockets  in  the  Pericardial  Sac  when  Distended  by  Fluid.     (Rehn.) 

inches  in  diameter  around  a  point  midway  between  the  nipple  and  the 
left  lower  end  of  the  sternum.  The  circle  will  define,  for  all  practical 
purposes,  that  part  of  the  heart  which  lies  immediately  behind  the 
wall  of  the  chest  and  is  not  covered  by  lung  or  pleura." 

The  quantity  of  liquid  that  the  pericardium  may  contain  is  quite 
variable — often  one  quart,  but  in  very  exceptional  cases  it  has  been 
found  to  contain  as  much  as  four  liters  or  about  one  gallon. 

Relationship  Between  the  Heart,  the  Pericardium,  and  its  Fluid 
Contents,  when  Effusions  Exist  in  the  Sac. — The  distribution  of  the 
fluid  contained  in  the  distended  pericardium  has  important  practical 
bearings,  not  only  upon  the  technic  of  paracentesis  and  pericardiot- 
omy, but  also  upon  the  interpretation  of  the  phenomena  of  heart-com- 
pression in  progressive  exudations  or  hemorrhagic  extravasations,  as  we 
shall  point  out  later  in  dealing  with  heart  wounds.  The  old  view  held 
by  Skoda  and  his  followers  that  the  heart  was  suspended  from  the 
great  vascular  trunks  at  the  summit  of  the  pericardium,  and  that  when 
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fluid  accumulated  in  the  serosa  it  always  gravitated  downward  and 
forward,  displacing  the  heart  backward  and  floating  it  upward,  is  no 
longer  tenable  in  the  light  of  more  recent  and  careful  researches  and 
observations.  Schaposchnikoff,  Curschmann,  Voinitch,  Rehn,  etc., 
teach  that  the  heart  is  pushed  upward  anteriorly,  and  may  be  in 
contact  with  the  anterior  wall.  Others  contend  that  the  heart 
remains  in  its  normal  position  (see  authors  quoted  by  Calvert),  and 
that  its  normal  position  is  not  altered  until  myocardial  compensation 
fails.  According  to  Calvert,  when  compensation  fails,  the  heart  be- 
comes smaller  and  smaller  until  collapsed,  when  it  is  driven  back- 
ward with  the  increasing  intrapericardial  tension  against  the  posterior 


Fio.  7. — Mesial  Section  Showing  Relations  of 
Heart  to  Pericardial  Sac  in  Pericardial  Effu- 
sion; Subject  Lying  Horizontally.     (Voinitch.) 

Appearance  when  the  pericardium  contains  400  grains 
of  liquid. 


Fig.  8. — The  Pericardium  Contains 
400  Grams,  the  Subject  Sitting 
Up.      (Voinitch.) 

Note  accumulation  of  fluid  in  the 
dependent  parts,  especially  in  the  an- 
terior costo-phrenic  sinus  or  pocket. 


wall  of  the  pericardium.  There  appears  to  be  no  difficulty  in  accept- 
ing the  view  that  the  position  of  the  heart  is  practically  normal  as  long 
as  myocardial  compensation  exists;  but  the  opinion  expressed  by 
Calvert,  based  upon  the  observation  of  two  injected  cadavers,  is  at 
variance  with  the  most  recent  experimental  and  clinical  experience. 

The  latest  experimental  and  clinical  evidence  furnished  by  surgeons 
who  have  opened  the  pericardium  in  living  subjects  and  noted  the 
disposition  of  the  contained  fluid  and  the  relationship  of  the  heart  to  the 
chest-wall  (Rehn,  Brentano,  Riedel,  et  at.)  confirms  the  facts  brought  out 
long  ago  by  Curschmann,  Schaposchnikow,  Voinitch-Sianojentzky, 
and  others  (Figs.  7  to  10),  that  the  fluid  primarily  accumulates  in  the 
two  postero-lateral  pouches  of  the  pericardium  on  each  side  of  the 
middle  partition  formed  by  the  rigid,   unyielding  projection  of  the 


SURGERY    OF    THE    PERICARDIUM. 


23 


vena  cava  superior  and  inferior  and  the  intermediary  right  auricle  to 
which  they  are  attached.  Subsequently  the  fluid  collects  in  a 
dome-shaped  space  defined  transversely  by  the  pulmonary  vein  and 
bounded  above  by  the  distended  reflection  of  the  serosa  at  the  point 
where  it  is  attached  to  the  aorta  and  the  innominate  artery.  When 
the  pericardium  is  distended  by  fluid,  these  three  compartments — 
right,  left,  and  upper — are  well  defined  by  the  middle  vertical  partition 
formed  by  the  vena  cava  and  by  the  transverse  projection  formed  by  the 
pulmonary  vein  (Rehn).  In  large  effusions  the  diaphragm  is  also  dis- 
placed downward,  and  the  anterior  costo-phrenic  sinus,  which  is  only  a 
potential  space  in  normal  conditions,  becomes  distended  by  the  accumu- 
lated fluid.  The  heart,  lying  immersed  in  this  fluid  bed,  cannot  be  dis- 
placed backward  on  account  of  its  fixed  and  immovable  attachments, 


Pericardial  me. 


Fio.  9. — Thi;  Pericardium  has  been  Injected  with 
40  Grams  of  Fluid,  the  Subject  Lying  Down. 
(Voinitch.) 


Fia.  10. — The  Pericardium  Contains 
40  Grams  of  Fluid,  the  Subject 
in  the  Erect  Position.  (Voi- 
nitch.) 


at  its  base,  to  the  vena  cava,  but  its  apex  and  movable  ventricles  are 
crowded  forward  toward  the  anterior  chest-wall  by  the  fluid  which  has 
accumulated  in  the  postero-lateral  pouches  and  upper  dome-like 
compartment;  also  slightly  upward  by  the  fluid  which  gravitates  into 
the  costo-phrenic  angle.  The  distended  pericardium  cannot  expand 
backward,  behind  the  heart,  on  account  of  the  resistance  of  the  verte- 
bral column;  or  forward,  because  the  thoracic  wall  is  in  the  way.  It 
can  only  expand  and  stretch  laterally  at  the  expense  of  the  lungs  and 
other  yielding  intrathoracic  organs.  Hence  in  the  great  effusions 
which  cause  heart-pressure-signs  the  distended  lateral  sacs  stretch  out 
laterally — beyond  the  right  margin  of  the  sternum,  where  the  fluid  can 
be  easily  tapped — or  to  the  left  of  the  mammary  line,  and  beyond  it, 
where  a  trocar  can  enter  without  approaching  the  heart  itself.     A 
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capital  fact  that  results  from  all  this  discussion  is  that  the  heart 
is  progressively  crowded  forward,  always  approaching  the  chest-wall 
more  closely  as  the  tension  of  the  pent-up  fluid  increases.  Conse- 
quently the  normal  precordial  area  is  the  most  dangerous  of  approach; 
not  only  is  there  no  fluid,  or  very  little,  to  tap  in  front  of  the  heart, 
but  the  organ  blocks  the  way  to  the  accumulation  which  lies  behind  it. 
This  forward  crowding  of  the  heart  by  pericardial  extravasations  and 
effusions  has  been  noted  by  surgeons  in  operations  for  heart  wounds, 
as  well  as  for  the  relief  of  pericardial  effusions.  It  has  been  noticed 
that  the  heart,  unless  held  by  adhesions,  immediately  drops  back  into 
the  mediastinum  the  moment  the  pericardial  tension  is  relieved  by  the 
incision  which  releases  the  fluid.  In  fact,  it  is  a  problem  in  heart- 
wounds  which  require  suture  how  to  bring  back  the  heart  to  the  surface 
where  it  will  be  most  accessible  to  the  surgeon. 

Pericardicentesis  (Paracentesis  Pericardii).— Selection  of  the 
Site  of  Puncture,  and  Technic. — In  preparing  to  puncture  or  tap  the 
pericardial  sac,  either  for  exploratory  or  therapeutic  purposes,  the  opera- 
tor should  select  that  site  for  the  introduction  of  the  exploring  needle  which 
will  give  the  patient  the  greatest  security  from — (1)  Injury  to  the  mam- 
mary vessels;  (2)  injury  to  the  pleura;  (3)  injury  to  the  heart  itself;  and, 
at  the  same  time  (4)  provide  a  certainty  of  reaching  the  largest  col- 
lection of  fluid  in  the  most  favorable  position  for  aspiration  and  drain- 
age or,  if  necessary,  incision.  The  surgeon  should  provide  himself 
also  with  such  instruments  or  apparatus  which  will  be  certain  to  demon- 
strate the  presence  of  the  fluid  if  it  exists  in  quantities  sufficient  to 
justify  the  operation.  That  these  desiderata  have  not  been  satisfied 
fully  by  any  of  the  single  methods  thus  far  proposed  is  shown  distinctly 
by  the  vast  number  of  suggested  "typical"  points  of  puncture,  or  of 
"election,"  which  crowd  the  literature  of  the  subject  and  bewilder  the 
judgment  of  the  student  and  the  operator.  In  order  to  arrive  at 
some  conclusion  as  to  the  best  point  for  puncture,  we  will  consider 
seriatim  the  desirable  conditions  which  are  to  guide  us  in  making  our 
choice: 

(1)  The  internal  mammary  vessels.  The  importance  of  avoiding  these 
has  been  so  fully  recognized  that  the  position  of  the  internal  mammary 
has  been  taken  as  a  basis  for  the  classification  of  the  typical  points  of 
puncture,  which  may  be  divided  into — (a)  puncture  inside  of,  and  (b) 
outside  of,  the  mammary  vessels.  The  position  of  these  vessels  has  been 
so  well  recognized  that  of  all  the  accidents  which  have  been  recorded  as 
occurring  in  this  operation,  injuries  to  these  vessels  are  the  least  frequent. 
In  accordance  with  the  above  division  we  find  that  all  the  inter- 
costal spaces  from  the  third  left  to  the  seventh  left  costal  cartilage 
have  been  selected  at  some  time  or  other,  for  puncture  either  close  to 
the  outer  margin  of  the  sternum  inside  of  the  mammary  vessels,  or 
outside  of  these. 

The  accompanying  diagram  will  give  some  idea  of  the  diversity  of 
opinion  as  to  the  so-called  point  of  election  in  paracentesis  pericardii: 
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A.     Third  intercostal  space  (Schuh  and  Sharp). 

Fourth  intercostal  space  (Karanajew;  Pirogoff ;  Champouillon). 

Fifth  intercostal  space  (Roger,  Aran,  Heger,  Baizeau,  Ferrand, 
West,  Wilson,  and  J.  B.  Roberts — for  septic  cases). 

Fourth  or  fifth  intercostal  space  (Sievers,  Dieulafoy,  Rosenbach). 

Sixth  intercostal  space  (Hobart  A.  Hare;  Delorme  and  Mignon; 
Voinitch-Sianojentzky). 

Seventh  intercostal  space  (Beckmann;  Behier). 

In  the  left  costo-xiphoid  notch  close  to  the  ensiform  cartilage 
(Laennec,  Boyer,  Richerand,  Muller,  John  B.  Roberts  (espe- 
cially in  septic  cases),  Allingham). 


Fig.  11. — Points  of  Election  in  Pericardicentesis. 
The  dotted  line  shows  pleura,      a,  Baizeau;  6,  Delorme  and  Mignon,  Hare,  Voinitch-Siano- 
jentzky'; c  and  f>,  Dieulafoy;  a  little  to  the  left  of  these  points,  nearer  the  axillary  line,  would  be 
Curschmann's  preferred  point;  </,  Schuh,  Sharp;  e.  Trousseau;  /,  Larrey,  Pendlebury,  Allingham, 
and  Roberts;  g,  Rotch,  Wilson,  Schapochnikoff,  etc. 

The  technic  of  paracentesis  pericardii  by  means  of  a  needle  or  capillary  trocar 
is  perhaps  best  illustrated  by  describing  the  procedure  as  applied  by  Dieulafoy. 
As  this  is  perhaps  the  most  classic,  best  known,  and  probably  most  often  applied 
method,  Dieulafoy  has  his  patients  propped  up  in  a  semirecumbent  position  in 
bed.  He  selects  the  fourth  or  the  fifth  intercostal  space,  preferably  the  fifth, 
because  it  is  nearest  to  the  apex.  The  point  where  the  needle  is  to  enter 
into  the  thorax  is  marked  at  a  distance  of  6  cm.  from  the  left  border  of  the 
sternum.  Needles  No.  1  and  2  are  used — preferably  the  last.  After  pene- 
trating 1  cm.,  the  aspiration  is  started  by  opening  the  stop-cock  which  leads 
to  the  vacuum  already  set  in  the  syringe.  The  needle  or  trocar  is  gradually 
pushed  forward  obliquely  from  above  downward  until  the  liquid  appears  in  the 
glass  index  connected  with  the  aspirator.  As  the  liquid  diminishes  in  the 
pericardium  the  needle  is  tilted  horizontally,  so  as  to  make  it  run  parallel  with 
the  ventricle.  If  the  needle  should  come  in  contact  with  the  heart,  the  operator 
would  be  advised  at  once  by  the  movements  imparted  to  the  needle  by  the  con- 
tractions of  the  heart. 

The  simplicity  of  this  procedure  is  more  apparent  than  real,  and 
while  it  will  readily  and  safely  accomplish  the  evacuation  of  the  peri- 
cardium in  large  simple  serous  effusions,  it  is  very  unreliable  and 
dangerous  in  all  doubtful  cases  in  which  pus  may  exist  in  the  peri- 
cardium, or  in  exploratory  punctures  when  a  simply  enlarged  heart 
has  been  mistaken  for  a  pericardial  effusion. 
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It  is  evident  that,  in  the  majority  of  procedures  above  referred  to, 
the  effect  of  puncture  of  the  pleura  has  been  disregarded  in  spite  of  the 
fact  that  there  are  recorded  cases  of  infection  of  the  pleura  from  peri- 
cardial tapping  in  septic  cases  (Delorme  and  Mignon,  Salomoni,  et  al.). 
The  danger  is,  therefore,  not  theoretic;  and  in  view  of  the  frequency  with 
which  unexpected  pus  or  puruloid  material  is  revealed,  we  would  con- 
clude that  outside  of  strictly  dropsical  cases  all  methods  which  neces- 
sarily perforate  the  pleura  should  be  excluded,  no  matter  how  satis- 
factory they  may  have  proved  to  their  advocates  in  the  past. 

The  danger  of  wounding  the  heart  or  the  coronary  vessels  on  its  surface 
by  a  puncture  is  not  an  idle  fear.  It  has  happened  repeatedly,  with 
very  serious  consequences  (vide  infra  Accidents).  This  accident  is 
undoubtedly  a  source  of  great  anxiety  to  the  operator,  even  though 
he  may  be  a  most  experienced  surgeon.  It  is  interesting  to  note 
that  the  internists  who  have  the  least  acquaintance  with  surgical 
responsibility  have,  with  notable  exceptions,  championed  methods 
of  puncture  and  aspiration,  putting  off  the  safe  aseptic  open  method 
of  incision,  even  when  the  former  were  obviously  insufficient.  On 
the  other  hand,  the  surgeons,  especially  in  recent  years,  have  shown 
a  distinct  preference  for  the  open  incision,  which  is  the  only  guar- 
antee against  accidental  injury  to  the  heart  At  any  rate,  the  old 
trocar  and  coarse  aspirating  needles,  and  "the  plunge  in  the  dark" 
methods,  have  all  been  abandoned  in  favor  of  capillary  puncture  made 
with  a  fine  needle,  a  little  larger  than  is  used  for  ordinary  hypodermic 
medication.  While  it  is  true  that  the  heart  has  been  purposely  punc- 
tured and  aspirated  for  the  relief  of  many  desperate  conditions  (paralysis 
from  overdistention,  air  embolism,  etc.),  it  is  also  true  that  a  number 
of  instantaneous  or  quick  deaths  have  unexpectedly  occurred  as  a  result 
of,  or  in  connection  with,  injuries  of  the  heart  in  pericardicentesis. 
In  one  of  80  cases  reported  by  West  two  ounces  of  blood  came  through 
the  cannula  and  the  patient  died  in  a  few  minutes;  the  right  ventricle 
had  been  torn  about  the  middle  of  its  anterior  aspect.  In  another 
(1868)  10 J  ounces  of  blood  came  through  the  cannula;  the  left  pleura 
was  also  wounded,  and  the  patient  died  in  two  hours;  more  than  half 
a  pint  was  found  in  the  pleura,  although  the  heart  had  been  repeatedly 
punctured  without  apparent  bad  effect.  On  the  contrary,  in  a  notable 
case  reported  by  Sloan,  this  accident  was  followed  by  the  most  astonish- 
ingly beneficial  effect.  For  these  and  other  cases  bearing  on  this  point 
the  reader  is  referred  to  Stephen  Paget's  admirable  "Surgery  of  the 
Chest." 

To  guard  absolutely  against  this  most  deplorable  accident  there  is 
but  one  method,  and  that  is  open  incision  (with  or  without  resection), 
which  will  expose  the  pericardium  and  allow  the  operator  not  only 
to  feel,  but  to  see,  the  heart.  No  form  of  protected  or  guarded  trocar 
or  cannula  can  prevent  the  penetration  of  the  heart  whenever  it  is 
bound  down  by  adhesions  to  the  anterior  pericardial  wall,  or  when 
there  is  a  large  dilatation  with  scant  effusion;  or  also  in  cases  of  mistaken 
diagnosis,  when  the  operator  will  push  the  instrument  into  the  peri- 
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cardium  and  puncture  the  heart  before  he  is  advised  by  the  rhythmic 
movements  imparted  by  the  organ  to  the  needle  that  he  has  come  in 
contact  with  the  heart  and  that  the  mischief  is  done.  J.  B.  Roberts 
says:  "I  and  others  have  invented  peculiar  aspirating  needles  to 
avoid  wounding  the  heart  when  the  effusion  has  been  nearly  all  evac- 
uated; but  these  devices  will  not  avert  puncture  of  an  adherent  heart, 
or  evacuate  serum  or  pus,  confined  behind  the  heart  by  intrapericardial 
adhesions/ ' 

Even  if  the  heart  itself  is  not  perforated,  the  coronary  vessels, 
especially  the  vein,  on  account  of  its  superficial  position,  may  be  punc- 
tured, and  serious,  if  not  fatal,  hemorrhage  take  place  (Byrom  Bramwell, 
et  al.).  In  addition  to  the  risk  of  hemorrhage  from  injury  to  the  heart, 
Delorme  and  Mignon  found,  in  one  of  their  dissections,  a  vein  of  such 
size  lying  in  front  of  the  pericardium  that  a  free  hemorrhage  would  have 
resulted  from  its  puncture.  It  is  greatly  to  the  credit  of  the  first  opera- 
tors who  suggested  relief  for  pericardial  effusion  that  they  anticipated 
the  accidents  reported  by  their  successors  (who  used  trocars  and  aspira- 
tors) by  refusing  to  plunge  in  the  dark  and  advising  always  that  the 
open  operation  be  performed.  This  they  advised  should  be  done  either 
by  trephining  the  sternum  (Riolan,  1648;  Skilderup,  and  later  by  the 
first  successful  operator,  Romero,  of  Barcelona,  1819).  Trousseau,  the 
great  exponent  of  the  operation  in  France,  always  cut  down  to  the 
pericardium,  felt  it,  and  not  till  then  punctured  it  or  incised  it,  after 
holding  it  up  and  away  from  the  heart  with  forceps. 

If  open  incision  is  the  only  safe  and  certain  course,  why  not 
abandon  the  former  and  make  it  a  rule  to  adopt  definitely  the 
open  route  to  the  pericardium  by  incision  or  resection  ?  It  may 
be  answered — (1)  Because  adherent  pericardiums  with  large  effusions, 
such  as  would  require  exploration,  are  very  exceptional;  (2)  because 
the  laws  regulating  the  disposition  of  the  fluid  accumulation  in  the 
pericardium  and  the  means  of  differentiating  these  from  heart  and 
other  lesions,  by  physical  diagnosis  and  skiagraphic  examination, 
have  greatly  improved  the  chances  of  a  correct  diagnosis;  (3)  because 
the  majority  of  the  effusions  resulting  from  rheumatic,  dropsical,  and 
even  pneumococcal  pericarditis  are  non-purulent,  aseptic,  and  require 
only  simple  puncture  and  aspiration  for  their  relief;  (4)  because  no 
deaths  thus  far  have  been  recorded  from  capillary  punctures,  even  when 
these  have  been  known  to  puncture  the  heart;  (5)  because  in  many  in- 
stances a  patient  will  be  able  to  stand  a  puncture  with  a  needle  or  capil- 
lary trocar  with  cocain  anesthesia,  and  will  be  relieved  when  it  would  be 
practically  impossible  to  perform  a  systematic  and  well-planned  pericar- 
diotomy, even  when  a  skilful  surgeon,  who  is  thoroughly  familiar  with  the 
best  methods  of  local  anesthesia,  is  at  hand ;  (6)  the  apparent  simplicity 
of  puncture  in  aspiration,  when  it  is  successful,  and  the  ease  with 
which  relief  is  obtained  in  emergencies.  These  are  the  reasons,  perhaps, 
why  so  many  are  willing  to  take  their  chances  of  a  puncture  of  the 
heart  and  of  the  pleura  with  an  aspirating  needle,  rather  than  transfer 
the  case  at  once  to  the  surgeon  for  operation.    It  must  be  admitted  that, 
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as  long  as  pericardial  effusions  are  to  be  treated  surgically  only  when 
they  have  attained  such  proportions  that  the  entire  circulatory  and  res- 
piratory apparatus  of  the  patient  is  crippled  and  the  unfortunate  victim 
is  in  extremis,  the  opportunity  for  successful  surgery  in  this  field  will 
always  be  limited.  Therefore,  while  emphatically  in  favor  of  the  open 
method  in  all  cases  in  which  an  aseptic,  deliberate,  and  well-planned 
operation  can  be  performed,  we  must  admit  that  the  exigencies  of 
practice  justify  occasionally  the  use  of  the  exploring  needle  or  capillary 
trocar  for  the  exploration  and  relief,  in  non-septic  cases,  of  pericardial 
effusion. 

Having  decided  that  exploratory  punctures  are  advisable,  and  may 
be  even  obligatory  in  some  cases,  we  should  adopt  such  precautions  as 
will  reduce  the  possibility  of  accidents  to  a  minimum. 

The  Instruments. — An  exploring  syringe 
attached  to  an  extra  long  hypodermic  needle, 
but  not  over  3  cm.  long,  or  a  capillary  trocar  (not 
over  half  a  millimeter  in  caliber),  attached  to  a 
Potain  aspirator,  will  do  for  the  purpose.  If  the 
case  is  plainly  one  of  hydropericardium  or  dropsical 
effusion,  this  puncture  will  serve  not  only  for  diag- 
nostic, but  for  therapeutic,  purposes  as  well.  If  it 
is  a  pus  case  or  a  serofibrinous  case  with  many 
flocculi,  the  puncture  will  reveal:  (1)  The  pres- 
ence of  the  fluid;  (2)  its  character,  and  (3)  the 
depth  of  penetration  required  to  reach  it.  It  is 
desirable  not  to  use  needles,  and  especially  needles 
with  long  points,  even  when  they  do  not  exceed 
£  mm.  in  caliber;  preference  should  always  be  given 
to  capillary  trocars  attached  to  aspirators,  and,  for 
this  purpose,  the  exploring  trocar  syringe  (Fig.  12), 
devised  by  Voinitch-Sianojentzky,  has  decided 
advantages.  In  this  syringe  the  stilet  of  the 
needle  trocar  is  controlled  by  the  piston  head  to 
which  it  is  attached.  The  movable  stilet  will  prevent  clogging  and  clear 
the  minute  cannula  when  necessary;  and  the  stop-cock  attached  to  the 
cannula  will  allow  the  fluid  to  be  aspirated  when  the  syringe  is  full. 
If  the  fluid  in  the  pericardium  is  clear,  as  in  dropsy,  this  little  instrument 
will  suffice  to  drain  the  sac;  if  the  fluid  is  thick  (pus  or  blood,  or  any 
other  inflammatory  exudates),  a  sufficient  quantity,  if  only  a  drop, 
can  be  brought  out  for  diagnostic  purposes. 

The  exploring  instrument  should  be  introduced  into  that  part  of 
the  pericardial  sac  where  the  fluid  will  accumulate  while  the  patient  is 
in  a  semirecumbent  position — that  is,  the  anterior  or  costo-phrenic 
angle  or  cul-de-sac.  To  reach  this  cul-de-sac  there  are  two  points  of 
election  where  the  pericardium  is  pleura  free — (1)  the  sixth  left  inter- 
costal space,  close  to  the  margin  of  the  sternum,  or  what  we  have  desig- 
nated as  Voinitch-Sianojentzky's  safety  line;  or  (2)  the  left  xiphoid 
space,  in  the  extreme  upper  edge  of  the  chondro-xiphoid  angle,  where 


Fio.  12. — Voinitch's  Ex- 
ploratory Syringe. 
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the  skin  may  be  marked  with  a  bistoury  to  show  the  juncture  of  the 
seventh  left  costal  cartilage  and  the  ensiform.  A  needle  driven  obliquely 
upward  and  backward  at  this  point,  so  as  to  avoid  the  diaphragm,  will  * 
reach  the  anterior  pericardial  cul-de-sac,  without  touching  the  pleura 
or  peritoneum,  at  a  depth  of  £  to  2  inches.  Without  denying  that 
excellent  results  have  been  obtained  by  operators  who  have  util- 
ized many  other  classic  or  typical  points  of  election  to  the  left  or 
right  of  the  sternum,  I  would  prefer  the  left  xiphoid  space  at  its 
extreme  upper  angle  as  the  point  of  entrance,  which  offers  greater 
advantages  and  less  risks  than  any  other;  next  to  this,  Voinitch's 
safety  spot  (junction  of  the  sternum  in  the  sixth  left  interspace) ;  then, 
if  the  needle  fails  at  these  two  points — Rotch's  point,  in  the  fifth  right 
intercostal  space,  4  cm.  (1.12  inches)  outside  of  the  border  of  the  sternum. 
This  writer  (Rotch)  states  that  an  effusion  of  even  as  little  as  100  c.c. 
can  be  found  at  this  point,  and  there  is  less  danger  of  wounding  the 
heart  on  account  of  the  greater  tendency  of  the  fluid  to  accumulate 
on  this  side  than  on  the  left  of  the  pericardium,  though  the  pleura 
is  bound  to  be  perforated.  Negative  findings  in  the  practice  of  aspira- 
tion do  not  necessarily  exclude  the  presence  of  fluid  in  the  peri- 
cardium. 

Depth  of  Penetration. — To  what  depth  should  the  needle  penetrate 
through  the  chest  in  exploring  the  pericardium? 

Terrier  and  Reymond  state  that  it  is  prudent,  unless  there  is  a 
special  reason  to  the  contrary,  to  withdraw  the  needle  or  trocar  when- 
ever it  fails  to  strike  the  fluid  at  a  depth  of  2\  cm.  The  vacuum  should 
always  be  made  slowly,  as  the  needle  is  pushed  forward,  and  the 
trocar  or  needle  should  never  be  removed  suddenly.  If  withdrawn 
gradually,  with  the  patient  in  the  semirecumbent  position,  and  the 
fluid  does  not  appear  in  the  syringe,  it  will  be  safer  to  proceed  to  peri- 
cardiotomy. We  would  insist  that,  after  the  failure  of  one  puncture 
at  a  proper  point,  with  a  well-tested  aspirating  needle,  it  will  be  infinitely 
safer  to  abandon  paracentesis  and  proceed  to  pericardiotomy,  provided 
the  history  of  the  case  and  the  physical  signs  confirm  the  necessity  and 
urgency  of  pericardial  exploration. 

Accidents  of  Paracentesis. — (1)  Dry  puncture — i.  e.,  no  fluid 
obtained  by  puncturing  within  safe  limits  of  penetration — is  recorded 
in  18  out  of  180  cases  (Salomoni).  It  is  attributable  to  insufficient 
penetration;  to  blockade  of  the  cannula  or  needle  with  exudates;  to 
excessive  thickening  of  the  pericardium;  to  mistaken  diagnosis,  or 
to  mediastinal  tumors  (Schuh  and  Rendu). 

(2)  Puncture  and  aspiration  of  pleural  effusion  mistaken  for  pericar- 
dial exudation  (Desault,  B£hier),  just  as  the  pericardium  has  been 
punctured  by  mistake  instead  of  the  pleura. 

(3)  Puncture  of  the  heart  (accidental  cardiocentesis)  in  dilated 
heart  or  adherent  pericardium.  Cases  of  this  kind  are,  no  doubt, 
more  numerous  than  are  recorded.  Only  2  of  the  patients,  in  a  list 
of  11,  survived  the  accident;  the  others  all  died  either  at  the  time  of 
the  operation  or  not  longer  than  two  hours  after  the  tapping. 
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(4)  Injury  to  the  pleura,  no  doubt,  occurs  more  often  than  suspected, 
even  when  efforts  are  made  to  avoid  it.  It  occurs  unavoidably  in  all 
the  methods  of  puncture  outside  of  the  mammary  vessels.  In  most 
instances  it  is  an  injury  of  no  consequence  so  long  as  it  is  a  capillary 
puncture.  In  pus  cases,  however,  infection  may  be  left  in  the  pleural 
sac.  In  three  cases  pleural  infections  from  this  source  have  been 
recorded. 

(5)  Wounds  of  the  lungs  have  occurred  often,  but  no  bad  effects 
have  been  recorded. 

(6)  Injury  to  the  internal  mammary  vessels  thus  far  is  not 
recorded. 

(7)  Sudden  death  without  injury  to  the  heart  or  other  organs  and 
from  apparently  no  other  cause  than  from  emotional  excitement  in 
weakened  patients  suffering  from  endocardial  or  myocardial  lesions. 
This  occurred  in  7  cases  of  myocardial  and  valvular  disease. 

Results. — Salomoni  (1901)  collected  180  cases  of  pericardiocentesis 
for  pericarditis. 

Serofibrinous  exudate 142 94  recoveries 48  deaths 

(Repeated  tappings 15 10 recoveries.  .5 deaths) 

Purulent  pericarditis 21 7  recoveries 14  deaths 

(Repeated  tappings 5 3. . .  .recoveries.  .2 deaths) 

Hemorrhagic  pericarditis 17 5  recoveries 12  deaths 

(Repeated  tappings 2 1 recovery*. . .  1 . .  ._L1  death) 

Total 180         106  74 

When  the  fluid  is  removed,  all  the  symptoms  usually  improve  at 
once;  dyspnea  is  relieved;  edema  and  ascites  disappear.  The  improve- 
ment was  permanent  in  99  of  the  180  cases — more  than  half.  In  22 
more  the  puncture  had  to  be  repeated  (see  bracketed  lines  in  the  above 
table)  and  was  followed  by  14  cures — in  all,  58  per  cent. — but  in  the 
majority  with  adhesions  or  complete  obliteration  of  the  sac.  In  74 
cases  (41  per  cent.)  death  occurred  speedily,  by  one  of  the  accidents 
previously  mentioned,  or  slowly,  by  persistence  of  the  disease,  septic 
changes  in  the  exudates,  degeneration  of  the  myocardium,  or  diffusion 
to  the  pleura  and  lungs.  From  37  to  40  per  cent,  of  paracenteses 
recover  (Riedinger).  West,  in  1883,  reported  from  the  literature  79 
cases  with  36  recoveries,  in  which  the  point  of  election  for  puncture 
was  in  the  fifth  intercostal  space,  one  inch  from  the  left  border  of  the 
sternum.  In  the  Schrotter-Weismayer  statistics,  quoted  by  Whittaker, 
47  recovered  and  53  died.  In  Grainger  Stewart's  statistics  (revised  by 
Whittaker),  of  65  cases,  30  recovered  absolutely,  13  were  improved, 
and  22  died.  In  2  of  these  cases  the  heart  was  injured  and  hemo- 
pericardium  occurred.  In  all  the  other  cases  death  was  due  to  the 
original  disease  or  to  complications — tuberculosis,  heart  lesions,  pleu- 
risy, etc.  Injection  of  irritants  after  pericardiocentesis  was  recom- 
mended by  the  old  operators.  Iodin  and  even  carbolic  acid  have  been 
injected  through  the  cannula  on  the  same  principle  that  a  hydrocele  of 
the  tunica  vaginalis  testis  is  treated  by  injection.  Without  attempting 
to  discuss  the  obvious  objections  to  this  mode  of  treatment  from  the 
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modern  point  of  view,  we  would  state  that,  at  the  present  time,  the 
rule  to  drain  the  pericardium  by  open  methods  in  all  recurrent  or 
relapsed  cases,  even  if  aseptic,  would  make  this  procedure  obsolete 
and  unnecessary. 

Drainage. — After  paracentesis  drainage  has  been  attempted,  by 
introducing  a  tubular  rubber  drain  through  the  cannula,  but  this 
practice  is  obsolete,  being  replaced  by  open  drainage  under  aseptic 
conditions. 

Pericardiotomy.— Anesthesia. — A  general  anesthetic  is  often  neces- 
sary; it  is  indispensable  in  children  and  youths  and  emotional  subjects. 
In  middle  life  and  old  age  the  psychic  element  is  better  controlled  and 
operations  under  local  massive  infiltration  anesthesia  (obtained  with 
weak  anesthetic  solutions),  combined  with  neuro-regional  injections 
to  control  the  intercostals,  using  one-tenth  to  two-tenths  of  1  per  cent. 
/9-eucain  and  adrenalin  chlorid  solution  (1  minim  to  every  one  ounce 
of  0.8  per  cent,  salt  solution,  as  practised  by  myself),  will  probably, 
in  many  cases,  obviate  the  necessity  of  administering  a  general  anes- 
thetic. 

Methods. — As  in  the  study  of  paracentesis,  the  practitioner  will 
find  his  judgment  severely  taxed  by  the  effort  to  make  a  proper  selection 
of  the  numerous  methods  of  reaching  the  pericardium  recommended  by 
many  advocates. 


Fio.  13. — Pericardiotomy  in 
the  Sixth  Left  Inter- 
space (the  Heavy  Black 
Line)  without  Costal 
Resection  (Desault). 

(Terrier  and  Reymond.) 


Fio.    14. — Pericardiotomy. 
Resection  of  the  left  fifth 
costal  cartilage  (Ollier's  meth- 
od).    (Terrier  and  Reymond.) 


Fio.  15. — Pericardiotomy  for 
Small  Accumulations. 
(Terrier  and  Reymond.) 
Vertical  incision  6  cm.  long 
over  the  sixth  left  sternochon- 
dral  joint.  Resection  of  the 
sixth  and  seventh  costal  car- 
tilages, including  adjoining  edge 
of  sternum  (Voinitch). 

Pericardiotomy  with  Resection. — (a)  Subperiosteal  resection  of  the 
fifth  left  costal  cartilage  (Fig.  14)  is  recommended  by  Oilier  (1891), 
Brentano,  Koerte,  and  subsequently  by  C.  B.  Porter  (1897-1900)  and  by 
(b)  Durand,  who  modifies  the  operation  by  excising  the  adjacent  part  of 
the  sternum  when  more  space  is  required,  (c)  Resection  of  the  fifth  and 
sixth  left  costal  cartilage  by  vertical  incision  (Delorme  and  Mignon); 
(d)  resection  of  the  fourth  left  cartilage  by  von  Eiselsberg;  (e)  chondro- 
plastic  flap,  including  portions  of  the  fifth  and  sixth  costal  cartilage, 
which  is  turned  upward  like  a  trap-door  reflected,  as  on  a  hinge,  over 
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the  soft  tissues  in  the  third  intercostal  space;  (/)  Voinitch-Siano- 
jentzky,  who  has  made  a  particularly  detailed  study  of  pericardiotomy, 
advocates  three  procedures  (Figs.  13-15),  in  accordance  with  the  quantity 
of  fluid  estimated  to  be  in  the  pericardium. 

The  objection  to  all  this  is  that  it  is  often  difficult  to  make  a  diagnosis 
of  effusion  at  all,  much  less  attempt  to  estimate  the  probable  quantity 
contained  in  the  sac  before  operation.  The  anterior  area  of  dulness 
is  not  a  reliable  guide  of  the  amount  that  may  be  lodged  behind  the 
heart  in  the  posterior  areas.  It  is  interesting  to  notice,  however,  that 
Voinitch  has  adopted,  as  the  safest  point  for  resection,  in  dealing  with 
only  suspected  or  very  small  effusions,  a  small  area  involving  the 
sixth  and  seventh  cartilage,  with  the  lower  left  angle  of  the  sternum, 
and  in  this  way  giving  his  support  as  a  most  competent  anatomist 
to  the  present  tendency,  which  is  to  attack  the  pericardium  through  the 
extreme  lower  end  of  the  sternum  and  the  ensiform  cartilage. 

It  is  also  interesting  to  notice  that  the  experience  of  many  operators 
of  a  recent  period  confirms  the  view  that  the  interpleural  space  widens 
in  proportion  to  the  amount  of  the  exudation.  This  is  the  only  way 
we  can  account,  unless  it  be  by  the  obliteration  of  the  pleural  sac,  for 
the  immunity  from  pneumothorax  which  has  been  enjoyed  by  West 
(1883)  and  his  followers,  who  were  able  to  enter  the  pericardium  by 
an  incision  in  the  fifth  interspace  below  the  nipple;  and  by  Koerte 
(1892),  who  drained  on  a  level  with  the  upper  part  of  the  fifth  in- 
terspace, beyond  the  line  of  the  chondral  junction.  The  practice  of 
other  operators,  who  incise  the  pericardium  systematically  below  the 
left  nipple-line,  would  also  support  this  belief. 

After  considering  these  various  methods  consistently  with  the  reasons 
which  led  me  to  select  the  immediate  left  lower  sternal  and  parasternal 
region  as  the  safest  and  best  for  paracentesis,  I  must  again  express  my 
preference  for  this  route  for  pericardiotomy,  just  as  we  must  aim  in  punc- 
turing the  pericardium  to  select  that  spot  which  will  avoid  the  blood- 
vessels and  the  pleura  and  yet  strike  the  pericardial  accumulation 
where  it  is  largest  and  most  dependent,  and  where,  in  addition,  the 
lower  sternophrenic  reflection  of  the  pericardium  will  insure  the  greatest 
protection  to  the  heart. 

The  anatomic  mind  of  Riolan  (1848)  foresaw  the  advantages  of 
this  route  and  advised  trephining  the  sternum.  Mall  6  (1855)  was  the 
first  to  operate  by  the  sternal  route.  Skilderup  proposed  trephining  the 
sternum  below  the  line  of  the  fifth  costal  cartilage.  (Laennec  advised 
that  the  opening  be  extended  to  the  ensiform  cartilage;  Bekmann,  1891, 
of  Warsaw,  was  the  first  to  obtain  a  complete  success  by  this  method). 
A  number  of  theoretic  objections  have  been  made  to  the  sternal  route  by 
those  who  fear  that  it  endangers  the  pleura  and  that  it  gives  insufficient 
space  or  who  look  upon  it  as  a  complicated  operation,  while  the  surgeons 
who  have  adopted  the  sternal  route  appear  to  be  perfectly  satisfied  with 
it.  Durand,  Voinitch,  and  J.  B.  Roberts  all  agree  that  it  is  the  safest  and 
easiest  route  from  the  anatomic  point  of  view,  and  it  is  only  because 
of  apparent  lack  of  space  that  they  seem  to  have  adopted  other  para- 
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sternal  procedures.  It  is  interesting  to  note  that  this,  the  oldest  of 
methods,  has  been  resurrected  and  made  the  most  available  at  the 
present  time  by  the  improvements  of  modern  technic.  Pendlebury  has 
called  attention  to  the  excellence  of  the  method,  which  was  first  described 
by  Drs.  Ogle  and  Herbert  Allingham  in  1900,  and  performed  by  the  last- 
mentioned  operator  subsequently,  with  repeated  success.  Pendlebury, 
who  slightly  modified  the  Allingham  operation  (Fig.  16),  is  convinced, 
by  his  experience,  that  this  procedure,  with  such  slight  modifications 
as  may  be  necessary  in  individual  cases,  must  become  the  routine 
method  for  drainage  of  the  pericardium.  "It  can  be  claimed  that  the 
operation  is  simple  and  of  short  duration,  and  that  it  affords  excellent 
drainage  from  the  lowest  available  spot  of  the  pericardial  cavity." 
A  vertical  incision,  4£  inches  long,  is  made,  with  its  center  at  the  lower 
border  of  the  seventh  costal  cartilage,  parallel  with  and  one  inch  from 
the  left  border  of  the  sternum.     The  skin   and  fascia  are  reflected 


Fig.  16. — Pericardiotomy.  (Terrier  and  Rey- 
mond.) 
1,  Vertical  incision  to  open  the  pleura-free 
pericardial  space — Allingham-Pendlebury  inci- 
sion; 2,  oblique  costoxiphoid  incision,  without 
resection,  suggested  by  Larrey;  3,  oblique  inci- 
sion with  resection  (subperiosteal)  of  the  left 
seventh  chondral  cartilage — Mints  incision. 


Fio.  17. — Pericardiotomy.      (Adapted     from 

Terrier  and  Reymond.) 

The   sternal    route  by   trephining  of   the 

sternum — Rislon-Skielderup    procedure;    again 

recommended  in  1906  by  Bacon,  of  Cleveland. 


inward  and  outward,  and  the  abdominal  muscles  (rectus  and  oblique) 
are  detached  from  the  seventh  costal  cartilage.  The  cellular  interval, 
"  costo-xiphoid  space/'  containing  the  superior  epigastric  artery,  is 
broken  into  with  the  fingers,  some  of  the  fibers  of  the  diaphragm  being 
torn.  If  the  pericardium  is  distended,  it  will  now  come  to  view,  or 
at  least  can  be  felt.  If  more  space  is  required  to  explore  the  peri- 
cardial sac  itself,  by  introducing  the  finger  2  inches  of  the  seventh 
left  costal  cartilage  can  now  readily  be  excised  by  rongeur  forceps. 
The  internal  mammary  vessels  are  now  exposed  and  held  aside  or  tied. 
More  loose  connective  tissue,  fat,  and  the  triangularis  sterni  will  have 
to  be  put  aside.  Then  the  pericardium,  tense  and  thick,  is  exposed. 
If  necessary,  the  cartilage  at  the  sixth  rib  may  also  be  readily  removed. 
But  this  should  not  be  necessary  for  simple  exploration  and  drainage. 
In  children  it  is  not  necessary  to  excise  the  cartilage  of  the  seventh  rib. 
The  operation  has  been  performed  three  times  by  Pendlebury  and 
vol.  v — 3 
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AUingham.  It  is  well  to  bear  in  mind  not  to  incise  the  pericardium 
until  after  carefully  pushing  aside  the  right  and  left  pleurae.  In  order 
to  avoid  opening  the  peritoneum,  the  pericardium  should  be  opened 
just  above  the  level  of  the  base  of  the  ensiform  cartilage,  and,  with  the 
finger,  the  opening  should  be  enlarged  downward  into  the  costo-xiphoid 
space.     A  soft-rubber  tube  should  be  left  for  two  or  three  days. 

Mintz  elaborated  the  following  technic:  An  incision  7  cm.  in 
length  is  made  along  the  border  of  the  seventh  costal  cartilage 
(Fig.  16);  the  abdominal  muscles  are  separated  from  the  under 
surfaces  of  this  rib,  a  section  of  which  is  removed.  The  internal  mam- 
mary artery  crosses  the  wound  and  should  be  ligated.  With  one  finger 
the  operator  compresses  the  diaphragm  and  exposes  to  view  the  angle 
of  the  pleura,  and  also,  somewhat  higher  and  toward  the  median  line, 
the  pericardial  sac.  If  the  latter  is  opened  at  this  point,  one  is  assured 
of  thorough  drainage,  inasmuch  as  the  opening  is  made  in  the  most 
dependent  position.  As  Mintz  states,  this  method  of  approach  was 
suggested  almost  a  century  ago  by  Larrey;  like  the  old  operation,  the 
only  serious  objection  to  it  is  the  necessary  division  of  the  recti  and 
abdominal  muscles,  which  is  obviated  by  the  straight  incision  of  the 
previous  operators.  Finally,  J.  H.  Bacon,  of  Cleveland,  Ohio,  as  a 
pathologist,  has  been  impressed  with  the  great  frequency  of  pericarditis 
as  a  complication  of  other  diseases,  and  the  comparative  ease  with  which 
the  pericardium  may  be  explored  through  an  opening  in  the  sternum. 
He  has  found  but  a  single  case  in  1 10  autopsies,  in  which  he  would  have 
failed  to  enter  the  pericardium  by  going  through  the  sternum  on  a 
level  with  the  fifth  costal  cartilage,  and  this  was  in  a  child  of  eight 
years  with  a  pigeon-shaped  breast. 

In  children  the  sternum  is  narrow,  and  one  may  make  the  incision 
nearer  the  mid-line,  so  that  the  trephine  opening  may  not  separate  a 
rib  from  the  sternum.  The  sternum  averages  f  cm.  in  thickness  in  the 
adult,  but  varies  considerably.  If  necessary,  the  opening  may  be 
enlarged  in  any  direction,  according  to  the  indication,  especially  if 
Voinitch's,  Porter's,  and  von  Eiselsberg's  suggestion  is  to  be  carried  out, 
viz.,  to  suture  the  lips  of  the  pericardial  wound  to  the  skin  in  order  to 
avoid  septic  mediastinitis.  This  is  preferable  and  more  reliable  than 
filling  the  cellular  portion  of  the  cut  edge  of  the  bone  with  a  15  per  cent, 
iodoform  wax,  to  guard  against  infecting  the  bone,  etc. 

Post-operative  Treatment. — Position  of  the  Patient. — The 
anatomic  study  of  the  pericardium  and  the  experimental  observation 
made  by  all  recent  observers  point  to  the  right  antero-inferior  angle 
of  the  pericardium  as  the  most  dependent  portion  of  the  sac  when  the 
patient  is  sitting  up  in  a  semirecumbent  position.  We  should,  therefore, 
advise  that  all  patients  who  have  been  drained  by  the  sternal  or  para- 
sternal routes,  previously  described,  should  be  propped  up  in  bed  still 
higher  than  in  the  semirecumbent  position,  and  not  kept  flat  on  their 
backs  for  fear  of  retaining  secretions. 

Drainage. — Drainage  after  pericardiotomy  is  to  be  governed  by 
the  same  rules  that  guide  the  surgeon  in  the  post-operative  management 
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of  empyema  and  pleural  infections.  One  or  two  soft  tubes  introduced 
into  the  lower  right  angle  of  the  pericardium  will  not  only  favor  drain- 
age, but  facilitate  irrigation  if  this  becomes  necessary.  In  saprophytic 
and  the  more  active  pyogenic  infections  (staphylococcal  and  strepto- 
coccal), where  absolute  drainage  must  be  maintained,  in  addition  to 
facilities  for  irrigation,  a  double  tubular  drain  would  be  preferable;  in 
the  simple  serofibrinous  and  non-virulent  pneumococcal  infections  a 
simple  gauze  drain  wrapped  in  a  rubber  strip  (cigarette  drain)  would 
answer  the  purpose.  Voinitch  is  in  favor  of  the  gauze  drain,  and 
Serafini  and  Levy,  in  their  recent  contribution,  conclude  that 
gauze  (cigarette)  drains  are  better  tolerated.  Clinical  experience, 
however,  shows  distinctly  that  some  of  the  best  results  have 
been  obtained  by  tubular  drainage.  That  the  mode  of  drainage 
must  be  selected  according  to  the  virulence  of  the  exudate  is, 
we  believe,  the  rule  best  adapted  to  the  varying  conditions  met  in 
practice.  In  irrigating  the  pericardium,  plain  sterile  physiologic  salt 
solution  should  be  used;  death  has  followed  irrigation  with  strong 
antiseptic  fluids. 

Results. — The  statistics  of  pericardiotomy,  as  well  as  pericardi- 
centesis,  are  absolutely  unreliable  as  guides  to  the  prognosis.  On  the 
one  hand,  the  mere  excision  of  a  fragment  of  the  sternum  and  of  the 
ensiform  cartilage  would  scarcely  add  to  the  gravity  of  the  simple  peri- 
cardiotomy or  the  incision.  On  the  other  hand,  a  simple  incision,  made 
in  an  intercostal  space,  would  become  a  very  grave  operation  if  it 
opened  the  pleura,  creating  an  acute  pneumothorax  and  subsequently 
complicating  the  pericarditis  with  an  acute  septic  pleurisy. 

Reichard  further  illustrates  the  fallacy  of  statistics.  He  collected 
33  cases,  in  19  of  which  incision  was  practised  alone,  and  in  14  with  the 
resection  of  the  cartilage.  Of  the  19  cases,  6  recovered  and  13  died;  of 
the  14  resections,  8  recovered  and  6  died.  On  this  statement  of  figures 
he  concludes  that  the  safest  procedure  is  resection.  Le  Conte,  who 
analyzes  these  statistics  carefully,  shows  plainly  enough  that  the  con- 
clusion is  not  justified  by  the  facts,  and  that,  in  reality,  the  statistics 
of  the  two  procedures  may  be  regarded  as  very  nearly  equal  in  the 
same  class  of  cases. 

In  looking  at  the  mqrtality  associated  with  pericardiotomy  as  a 
whole,  and  simply  with  the  view  of  determining  the  fate  of  the  patients 
whose  conditions  demand  this  operation,  irrespective  of  causes,  we 
find  that  in  36  cases  collected  in  1901  by  Salomoni,  20  recovered  and 
16  died,  and  in  several 'of  the  cases  that  died  the  operation  was  purely 
of  a  palliative  character  for  incurable  septic,  scorbutic,  and  tuberculous 
conditions. 


In  1900,  G.  B.  Porter,  of  Boston,  reported  51  cases  of  suppurative  pericarditis 
treated  by  operation,  including  J.  B.  Robert's  35  cases  and  others  published  up 
to  that  time.  The  most  frequent  single  cause  was  pneumonia  (14  cases).  Of  the 
total  51  cases  of  pericardiotomy,  20  recovered  and  31  died,  a  mortality  for  all 
cases  of  60.5  per  cent. 
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E.  Elliott,  Jr.  (1909),  has  added  22  cases  which  have  been  recorded  in  the 
literature  since  Porter's  publication.  Seven  deaths  occurred  in  this  latest  group, 
or  31.8  per  cent,  mortality.  Such  a  showing  is  very  satisfactory  when  it  is  known 
that,  without  operation,  practically  all  cases  die,  and  that,  with  repeated  aspira- 
tions, nearly  every  case  reported  has  terminated  fatally. 

Adhesive  or  Plastic  Pericarditis;  Card iosymphy sis;  Cardiolysis. 

— Adhesive  or  plastic  pericarditis  presents  itself  in  two  well-known 
varieties,  due  respectively  to  inflammation  of  the  inner  or  serous 
layer  of  the  pericardium  (pericarditis  interna),  or  to  the  combined 
inflammation  of  the  internal  and  external  layers  (pericarditis  externa). 
These  two  types  must  be  kept  distinctly  apart,  because  simple  internal 
(serous)  plastic  pericarditis  with  the  formation  of  pericardial  bands  in 
isolated  patches  is  a  very  frequent,  if  not  constant,  sequel  of  all  forms 
of  suppurative  pericarditis  in  many  serofibrinous  types  of  the  disease. 
Adhesions  from  this  cause  and  in  isolated  patches  are  found  in  about 
5  per  cent,  of  all  autopsies  (Chambers,  Leudet  Geist),  whereas  total 
or  extensive  adhesions  are  found  only  in  about  2\  per  cent.,  Leudet; 
Willigh,  \\  percent.;  Reisman  found  pericarditis  in  7.7  per  cent, 
of  autopsies  in  the  Philadelphia  Hospital,  and  of  these,  20  per 
cent,  were  adhesive.  The  second  variety  of  pericarditis  involv- 
ing the  entire  thickness  of  the  membrane  leads  to  complete  oblit- 
eration of  the  pericardial  sac  more  often  than  the  first  variety.  This 
is  often  associated  with  a  chronic  hyperplastic  mediastinitis  which, 
whether  beginning  in  the  pericardium  itself  or  elsewhere,  continues  to 
involve  all  the  connective  tissues  in  the  mediastinal  spaces.  By  the 
persistence  of  this  process  the  pleura,  pericardium,  and  mediastinal 
connective  tissue  are  all  fused  or  amalgamated  into  a  dense,  indurated 
fibrous  tissue  which,  by  extending  downward  along  the  diaphragm 
and  the  peritoneum,  finally  involves  the  liver,  causing  a  cirrhosis.  On 
the  other  hand,  the  myocardium  and  the  heart-valves  are  apt  to  be 
implicated  in  the  extension  of  the  fibrosis  inward,  causing  secondary 
degenerative  changes  in  that  organ,  which  soon  tell  on  the  general 
circulation  and  lead  to  a  fatal  termination.  Concretio  pericardii,  or  calci- 
fication of  the  pericardium,  appears  frequently  as  a  phase  of  the  same 
general  fibroid  process,  generally  recognized  as  mediastino-pericarditis. 

When  the  bands  of  adhesions  are  long,  filamentous,  and  limited  to 
small  areas  (partial  synechise),  they  scarcely  interfere  with  the  heart's 
action,  and  remain  latent  throughout  life.  On  the  other  hand,  when 
the  adhesions  are  broad  and  dense  and  finally  obliterate  the  pericardial 
cavity,  they  cause  hypertrophy  and  dilatation  and  finally  atrophic 
and  degenerative  changes,  which  lead  to  a  clinical  picture  that  is  charac- 
teristic and  invariably  fatal. 

When  complete  cardiac  symphysis  (i.  e.,  obliteration  of  the 
pericardial  sac  by  adhesion)  exists,  it  may  be  recognized  in  the 
more  characteristic  cases  by  the  following  group  of  signs:  Systolic 
retraction  of  the  intercostal  spaces  at  the  apex-beat  (sign  of  Hein- 
Kreysig),  rhythmic  undulations  of  the  thoracic  walls  (Sanders'  sign), 
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the  rolling  movement  of  the  precordia  (movement  de  roulis,  or  JaccoucTs 
sign) ;  fixed  limit  of  the  left  border  of  cardiac  dulness,  indicating  adhe- 
sion of  the  pericardium  to  the  pleura  (C.  J.  B.  Williams'  sign),  diastolic 
shock  at  apex,  and  diastolic  collapse  of  the  cervical  veins  (Friedrich's 
sign);  rhythmic  retraction  in  the  neighborhood  of  the  eleventh  and 
twelfth  ribs,  posteriorly,  on  the  left  side,  caused  by  traction  on  the 
diaphragm  (Broadbent's  sign) ;  pulsus  paradoxus,  a  small,  feeble  pulse- 
wave  during  inspiration  (Kussmaul's  sign) ;  fixed  and  immovable  position 
of  the  axis  of  the  heart  in  the  respiratory  movements. 

In  connection  with  these  physical  signs  all  the  clinical  symptoms  of 
exhaustion  of  the  myocardium  and  cardiac  insufficiency  develop;  pain, 
anxiety,  precordial  distress,  edema  of  the  extremities,  ascites,  enlarged 
liver,  pulmonary  stasis,  edema  of  the  lungs,  dyspnea,  cyanosis, 
arhythmia,  and  death  from  cardiac  exhaustion.  In  children,  when  peri- 
cardial adhesions  exist  to  the  extent  of  producing  a  complete  symphysis, 
a  group  of  symptoms  develops  which  have  been  recently  described  by 
an  almost  pathognomonic  syndrome  by  Flesch  and  Schlossberger,  of 
Bokay's  clinic,  in  Budapest,  i.  e.,  ascites  with  increased  size  of  the 
liver;  puffiness  of  face;  cyanosis  of  face  and  lobules  of  ears;  very  slight 
diminution  in  pulse-rate,  and  almost  normal  auscultatory'  condition  of 
the  heart — this  they  regard  as  an  almost  certain  sign  of  the  most 
frequent  type  of  adhesive  pericarditis  in  children. 

Treatment. — The  only  hope  for  patients  of  this  kind  lies  in  surgery. 
Delorme  proposed  to  open  the  pericardium  and  break  up  the  adhesions 
with  the  fingers  or  blunt  scissors  in  order  to  liberate  the  organ  when 
these  were  not  universal  or  too  dense.  As  these  cases  are  not  recognized 
until  the  secondary  degenerative  changes  of  the  heart  have  taken  place, 
it  is  evident  that  a  pericardiotomy  under  these  conditions  would  scarcely 
be  tolerated  without  consequences;  furthermore,  the  adhesions  would 
necessarily  be  reproduced  by  the  traumatism.  A  far  better  suggestion, 
at  least,  a  safer  one,  is  that  offered  by  Brauer,  of  Marburg,  under 
the  name  of  cardiolysis.  Reasoning  on  the  basis  that  the  systolic 
retraction  of  the  chest-wall,  by  adhesions  to  the  pericardium  and  heart, 
is  obtained  at  the  expense  of  extra  work  imposed  upon  the  cardiac 
muscles,  and  since  it  is  impossible  to  obtain  a  true  cardiolysis  (or,  better, 
cardioschesis)  by  breaking  up  the  adhesions,  Brauer  suggests  that 
functional  relief  can  be  given  the  heart  by  removing  the  overlying  and 
resisting  osteocartilaginous  wall  in  front  of  the  pericardium.  This 
object  is  to  be  obtained  by  excising  the  ribs  and  the  periosteum  from 
the  sternal  attachments  of  the  cartilages  to  the  anterior  mammillary 
or  axillary  line.  This  transforms  the  rigid  precordial  region  into  a 
soft,  yielding  wall,  which  follows  the  movements  of  the  heart  without 
resistance.  Brauer's  operation  was  performed  by  Petersen  and  Simon, 
of  Heidelberg,  the  results  corresponding  to  the  expectations.  Marked 
improvement  was  observed  in  all  3  patients  operated  upon,  2  recovering 
and  1  dying,  finally,  from  bronchopneumonia.  The  edema,  dyspnea, 
cyanosis,  ascites,  which  existed  in  all  3  cases,  subsided  after  the  opera- 
tion.    Petersen  recommends  that  three  ribs  be  removed  to  begin  with, 
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the  necessity  of  removing  a  portion  of  the  sternum  as  well  being  sub- 
sequently determined  by  the  condition  of  the  patient.  A  subperiosteal 
resection  will  do  (Koenig,  Blauel),  but  the  removal  of  the  anterior  perios- 
teal layer  is  preferable  to  prevent  osseous  regeneration.  Although  the 
operation  in  all  3  cases  was  performed  to  relieve  adhesions  caused  by 
chronic  mediastino-pericarditis,  the  same  principle  suggests  itself  as  a 
valuable  means  of  preventing  the  evil  effects  of  the  unavoidable  adhe- 
sions which  will  follow  in  septic  cases  of  cardiac  traumatism  or  after 
prolonged  drainage  of  the  pericardium.  Therefore,  in  making  osteo- 
plastic flaps  to  gain  access  to  the  heart,  when  this  is  wounded,  or  in  any 
other  circumstances,  the  operator  need  not  be  so  particular  about  the 
preservation  of  the  osseous  framework  of  the  flap,  but  may  with  perfect 
propriety  deem  it  his  duty  to  remove  all  the  bones  as  a  simple  prophy- 
lactic measure. 

Wounds  of  the  Pericardium. — At  one  time  it  was  believed  that  a 
wound  of  the  pericardium  without  a  simultaneous  injury  to  the  heart 
was  almost  impossible,  and  if  it  did  happen  in  very  exceptional  instances, 
a  fatal  termination  was  inevitable.  At  the  present  time,  with  a  large 
and  accumulating  experience  in  cardiac  and  pericardiac  surgery,  we 
have  come  to  realize  that  the  separate  injury  of  the  pericardium  occurs 
with  relative  frequency,  and  that  intrinsically  the  prognosis  of  such 
wounds  is  not  worse  than  those  of  any  other  serous  cavity,  except  for 
the  complications  that  occur  at  the  time  and  subsequent  to  the  injury. 
Although  the  total  number  of  recorded  wounds  of  the  pericardium 
exclusive  of  the  heart  is  comparatively  small,  the  literature  shows, 
nevertheless,  that  any  part  of  the  serous  sac  may  be  involved — the 
anterior  more  often  than  the  lateral  surfaces,  the  posterior  than  the 
upper  portion  of  the  sac — the  latter  most  fatal  because  the  vascular 
trunks  are  most  exposed  to  injury — and  at  the  base,  where  the  dia- 
phragm may  be  perforated  from  above  or  from  below  through  the 
abdomen. 

The  dimensions  and  form  of  the  pericardial  wound  correspond,  in 
general,  to  the  external  wound.  Sometimes  the  wounds  appear  smaller 
than  they  really  are,  and  may  escape  observation  unless  the  exam- 
inations are  carefully  made.  In  subcutaneous  injuries  the  wound  may 
be  punctiform,  caused  by  a  sharp  fragment  or  spicule  of  bone.  "In 
all  cases  of  rupture  of  the  pericardium  without  lesion  of  the  heart — in 
crushed  and  contused  wounds  of  the  chest — the  rent  has  been  of  large 
size  and  has  been  accompanied  by  fractures  of  the  ribs  and  sternum  " 
(Follin).  Bennett  records  a  notable  exception  to  the  rule.  A  painter, 
aged  twenty-two,  fell  on  his  shoulder  and  head,  a  distance  of  30  feet ;  he 
died  in  less  than  two  hours.  The  pericardial  tear  found  at  the  autopsy 
was  large  enough  to  admit  the  hand,  and  yet  the  heart  was  bruised  only 
superficially  and  not  ruptured.  The  chest-wall  was  uninjured.  G.  Fischer 
collected  51  cases  of  injury  of  the  pericardium  from  the  literature,  with 
22  recoveries.  The  statistics  of  Loison  show  a  proportion  of  66  per 
cent,  of  pericardial  injuries  without  cardiac  involvement  in  cases  of  pin 
or  needle  injuries;  11.1  per  cent,   in  stab  wounds;   12.2  per  cent,  in 
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gunshot  wounds.  In  a  study  of  thoracic  wounds  which  were  treated 
in  his  clinic,  Borszcky  noted  that  out  of  42  penetrating  stab  wounds 
of  the  thorax,  there  was  1  cardiac  and  1  pericardiac  injury.  In  89 
gunshot  wounds  of  the  thorax,  he  observed  1  of  the  pericardium  and 
2  of  the  heart.  In  a  study  of  gunshot  wounds  of  the  pericardium 
Eichel  compiled  27  cases,  of  which  8  were  uncomplicated  pericardial 
wounds  in  which  the  isolated  injury  of  the  pericardium  was  confirmed 
4  times  by  the  autopsy  and  4  times  at  the  operation.  Of  the  4  cases 
operated  upon,  3  made  a  perfect  recovery.  In  4  cases  operated  upon 
by  Riedel,  Koerte,  Seydel,  and  Eichel,  the  pericardium  alone,  and  not 
the  heart,  was  found  injured. 

"Percutaneous  injuries  of  the  pericardium,  without  wound  of  the 
heart,  are  represented  in  the  literature  by  a  few  isolated  cases.  When 
only  a  slight  hemorrhage  occurs  after  an  injury  of  this  kind,  the  natural 
tendency  is  to  assume  that  the  heart  has  escaped.  On  the  other  hand, 
it  may  happen  that  there  is  a  severe  hemorrhage,  demanding  the 
enlargement  of  the  wound  and  exposure  of  the  heart,  and  that  then 
no  cardiac  wound  is  discovered.  The  wound  may,  however,  exist, 
escaping  detection  on  account  of  its  minute  size.  In  a  case  described 
by  Tassi,  the  bloody  extravasation  in  the  pericardium,  which  was  dan- 
gerous enough  to  justify  surgical  interference,  originated  from  a  divided 
artery  in  the  pericardium  "  (Weinlechner).  Acting  on  the  rule  that,  in 
the  presence  of  a  severe  hemorrhage  filling  the  pericardium,  pericardi- 
otomy is  indicated,  the  same  author  reports  a  case  of  injury  of  this  kind 
without  associated  cardiac  injury,  in  which  he  drained,  with  recovery. 

Foreign  Bodies  in  the  Pericardium.— The  presence  of  foreign 
bodies  in  the  wound  complicated  one  out  of  every  five  cases  of  peri- 
cardial injury,  according  to  Salomoni.  Of  these  foreign  bodies,  the 
greater  number  are  bullets,  needles  that  had  been  swallowed  per  os, 
artificial  dentures  which  had  found  their  way  into  the  pericardium  by 
the  esophageal  route.  In  bullet  injuries  the  missiles  are  usually  found 
free  or  encysted  in  the  sac;  they  either  drop  in  the  sac  or  fall  into  the 
pericardium,  after  injuring  the  heart,  as  a  result  of  muscular  contrac- 
tion. While  the  presence  of  these  bullets  may  give  rise  to  a  complex 
group  of  symptoms  and  signs,  it  may  happen  that  a  bullet  will  remain 
inert  in  a  pericardial  sac  as  long  as  fifty-two  years  without  causing  dis- 
turbances. Such  is  the  case  of  the  wounded  soldier  of  Salamanca, 
quoted  by  Picqu6,  who  was  shot  in  1812  and  died  in  1864.  At  the 
autopsy  a  ball  was  found  encysted  in  the  pericardium.  Other  cases 
of  the  same  kind  are  reported  by  Malecot,  MacDowell,  Rokitansky,  and 
other  pathologists.  Several  bullets  recovered  from  the  pericardium 
and  the  heart-wall  itself,  by  direct  operative  intervention,  are  reckoned 
among  the  most  brilliant  surgical  triumphs  of  the  last  decade. 

Suppurative  pericarditis  follows  wounds  inflicted  with  soiled 
weapons  and  infected  foreign  bodies.  Many  cases  are  on  record,  how- 
ever, in  which  healing  has  followed  without  infection.  Very  often, 
though  not  constantly,  plastic  pericarditis  will  follow  even  aseptic 
wounds,  without,  however,  as  a  rule,  developing  a  complete  symphysis. 
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Fully  30  per  cent,  of  all  pericardial  wounds  recovered  in  the  pre- 
antiseptic  days.  At  present  the  mortality  of  uncomplicated  pericardial 
wounds  (very  rare)  should  be  very  much  less,  in  view  of  the  greater 
care  now  taken  to  prevent  infection.  The  outlook  for  recovery  in 
every  case  must  depend  upon  the  associated  complications,  which 
almost  invariably  exist  (apart  from  heart  injuries,  which  we  will  con- 
sider separately),  and  also  contribute  to  the  gravity  of  these  cases. 

Treatment.— See  Injuries  of  the  Heart. 
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SURGERY  OF  THE  HEART. 

History. — "The  road  to  the  heart  is  only  2  or  3  cm.  in  length  in  a  direct  line, 
but  it  has  taken  surgery  nearly  2400  years  to  travel  it"  (Harry  Sherman).  The 
record  of  this  long  journey  may  be  conveniently  divided  into  four  periods: 

First  period:  From  Hippocrates  and  the  ancients  to  Ambroise  Pare"  (1509-1590). 
This  is  the  mystic  and  legendary  period.  Wounds  of  the  heart  were  then  regarded 
as  absolutely  and  necessarily  fatal.     No  treatment  was  attempted. 

Second  period:  From  Pare*  to  George  Fischer  (1868).  Wounds  of  the  heart  are 
no  longer  regarded  as  necessarily  fatal.  The  causes  of  death  are  investigated. 
The  pathologic  anatomy  and  physiology  of  these  wounds  are  studied.  Some  experi- 
mental work  is  done,  and. some  treatment  is  attempted.  This  period  culminates 
with  the  monumental  monograph  of  Fischer,  which  summarizes  all  the  knowledge 
obtainable  up  to  that  time,  and  exercises  a  more  powerful  influence  than  any  other 
agency  in  preparing  the  surgical  mind  for  the  possibilities  of  cardiac  surgery. 

Third  period:  From  George  Fischer  to  Farina  (1896).  This  is  the  beginning 
of  the  experimental  period,  in  which  the  tolerance  of  the  heart  to  surgical  manipula- 
tions and  trauma  is  demonstrated  by  the  experiments  of  Rosentlial,  Bloch,  Salomoni, 
Del  Vecchio,  Bonomi,  and  Martinotti  (1888),  Bode  (1897),  Elsberg  (1898),  et  al. 
This  period  is  merely  a  preparatory  and  short  prelude  to  the  great  clinical  epoch 
that  follows. 

Fourth  period:  This  is  the  surgical  period,  beginning  with  Farina's  first  case  of 
cardiorrhaphy  in  1896,  and  continuing  uninterruptedly  and  progressively  to  the 
present  time.  The  road  opened  by  Farina,  Capellan,  and  Rehn  (1896)  is  rapidly 
followed  by  a  host  of  other  operators,  whose  labors,  up  to  January  1,  1907,  swelled 
the  list  of  the  reported  operations  on  the  heart  itself  to  160  cases  with  62  recoveries, 
a  mortality  of  43.83  per  cent.  (Salomoni).  The  heart  has  now  become  a  surgical 
organ,  and  is  subjected  to  the  same  laws  and  technical  procedures  which  govern  the 
interventions  of  surgery  in  the  treatment  of  the  injuries  and  traumatisms  of  all 
the  hollow  viscera.  At  the  end  of  a  decade  of  operative  experience  in  cardiac  surgery 
sufficient  material  has  accumulated  to  permit  of  the  systematic  study  of  the  surgical 
lesions  of  this  organ  as  seen  in  life — on  the  operating  table,  and  not,  as  in  the  past, 
exclusively  in  the  dead-house  or  in  the  experimental  laboratory.  The  decade 
closes  with  one  of  the  most  legitimate  and  brilliant  conquests  of  conservative  surgery. 

The  Surgical  Topography  of  the  Heart.— The  heart  lies  in  the 
middle  mediastinal  space,  between  the  lungs.  Its  entire  anterior  sur- 
face is  closely  related  to  the  anterior  walls  of  the  thorax.  Together 
with  the  large  vessels,  it  is  well  protected  by  the  manubrium  and  body 
of  the  sternum,  as  well  as  by  the  cartilages  of  the  ribs  from  the  third 
to  the  sixth,  on  the  left  side,  and  by  a  very  small  part  of  the  third  and 
fourth  costal  cartilages  on  the  right.  It  is,  therefore,  proper,  from  the 
topographic  point  of  view,  to  refer  to  the  sternal  and  chondro-costal 
portions  of  the  heart  (J amain).  The  sternum  covers  more  than  two- 
thirds  of  the  right  ventricle,  right  auricle,  and  a  part  of  the  left  atrium 
auriculi,  over  which  lie  the  aorta  and  pulmonary  artery.  The  chondro- 
sternal  portion  of  the  heart  corresponds  to  the  tip  of  the  right  ventricle, 
almost  the  entire  left  ventricle  and  left  auricle.  The  topographic  rela- 
tions between  the  heart  and  the  pericardium  and  of  the  internal  mam- 
mary arteries,  of  great  importance  in  connection  with  heart  wounds, 
have  been  sufficiently  outlined  in  the  description  of  the  pericardium. 
While  the  outline  of  the  heart,  as  mapped  out  by  topographic  anatomists, 
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is  quite  variable,  the  differences  between  these  descriptions  are  not  of 
great  importance  from  the  practical  point  of  view.  Holden's  classic 
landmarks,  which  are  in  accord  with  the  majority  of  anatomists,  will 
answer  the  purpose  of  the  clinician  and  surgeon  quite  satisfactorily. 

Rules. — (a)  To  define  the  base,  draw  a  transverse  line  across  the  sternum,  cor- 
responding with  the  upper  border  of  the  third  costal  cartilage;  continue  the  line  one- 
half  inch  to  the  right  of  the  sternum  and  one  inch  to  the  left,  (b)  To  find  the  apex, 
mark  a  point  about  two  inches  below  the  left  nipple  (male)  and  one  inch  to 
its  sternal  side.  This  point  will  usually  be  found  between  the  fifth  and  sixth 
ribs,  three  and  one-half  inches  from  the  middle  line  of  the  sternum,  (c)  The  lower 
border,  which  lies  on  the  central  tendon  of  the  diaphragm,  is  indicated  by  a  line 
slightly  curved  downward,  from  the  apex  across  the  bottom  of  the  sternum  (sterno- 
xiphoid  junction)  as  far  as  its  right  edge,  (d)  The  right  border  (formed  by  the 
right  auricle)  is  outlined  by  continuing  the  last  point  upward  from  the  right  sterno- 
xiphoid  junction  with  an  outward  curve,  so  as  to  join  the  right  end  of  the  base. 
(e)  To  define  the  left  border  (formed  by  the  left  ventricle),  draw  a  line  curving  to  the 
left,  not  including  the  nipple,  from  the  left  end  of  the  base  line  to  the  apex. 

The  greater  part  of  the  heart  lies  within  the  left  half  of  the  chest;  the  only  part 
which  lies  on  the  right  of  the  sternum  is  the  right  auricle. 

The  anterior  auriculoventricular  groove,  in  which  lies  the  left  coro- 
nary artery,  is  indicated  by  a  line  (with  convexity  upward)  extending 
from  the  right  heart  border  to  the  left,  crossing  the  midline  of  the 
sternum  on  a  level  with  the  lower  border  of  the  third  cartilage.  While, 
as  a  rule,  the  heart  is  wounded  on  its  anterior  surface,  it  must  not  be 
overlooked  that  it  is  not  infrequently  injured  by  weapons,  missiles,  etc., 
that  penetrate  posteriorly  close  to  the  vertebral  column.  The  auricles, 
especially  the  left,  are  nearest  the  bodies  of  the  vertebrae,  and  can  be 
easily  reached  by  a  penetrating  stab  or  puncture  anywhere  between  the 
fourth  dorsal  vertebra  and  the  spinous  process  of  the  eighth.  These  are 
the  " cardiac  vertebrae"  of  C.  Giacomini.  The  heart  is  likewise  exposed 
to  injury  by  attacks  on  the  lateral  aspects  of  the  thorax,  and  by  wounds 
which  penetrate  the  abdominal  walls  upward  and  through  the  sub- 
phrenic space. 

Experimental  Data  and  Physiopathology  of  the  Wounded 
Heart. — The  systematic  and  surgical  study  of  cardiac  wounds  in  the 
lower  animals  did  not  begin  until  1882,  with  the  publication  of  the 
researches  of  Bloch,  of  Copenhagen.  Bloch  confirmed  Morgagni's  early 
observations  that  cardiac  wounds  were  well  tolerated  and  that,  when 
death  took  place,  it  occurred  not  only  by  the  depletion  of  the  vascular 
system,  directly  through  the  wounds  which  opened  the  heart  chambers, 
but  more  often,  as  Morgagni  had  shown,  by  the  compressive  action  of 
the  blood  on  the  heart  as  it  was  poured  into  the  closed  pericardial  sac. 
As  a  result  of  his  experiments,  Bloch  boldly  proposed  the  suture  of 
heart  wounds  as  a  surgical  remedy,  and  successfully  demonstrated  its 
feasibility  on  the  lower  animals  for  the  first  time.  Del  Vecchio  (1894), 
Salomoni  (1896),  Rehn  (1897  and  1906),  Bode  (1898),  Elsberg  (1S98), 
Wehr  (1900),  Sherman  (1902),  Villar  (1902),  Spangaro  (19064)7), 
Gobell  (1907),  Sauerbruch,  Von  Hackel  (1907-08),  and  others  not  only 
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confirmed  the  early  experiments  showing  the  tolerance  of  the  heart  to 
traumatism  and  surgical  manipulations,  but  contributed  to  the  improve- 
ment of  the  technic  of  suture  on  the  human  subject,  which  was  steadily 
gaining  ground  in  the  mean  time.  They  also  proved  that  the  suture 
of  heart  wounds  insures  a  much  better  and  safer  healing  than  when 
these  are  allowed  to  heal  spontaneously.  Spangaro,  of  Padua,  has 
recently  analyzed  the  experimental  evidence  on  this  subject  most  thor- 
oughly. Among  other  conclusions  which  will  be  referred  to  in  dealing 
with  the  technic  of  heart  suture,  Spangaro  summarizes  the  data 
obtained  by  experimentation  as  follows: 

(1)  That  the  heart,  though  quite  tolerant  of  manipulations  and 
traumatic  insults  of  various  kinds,  is  sensitive  to  injury,  the  evil  effect 
of  which  is  soon  manifested  by  the  general  circulation. 

(2)  In  all  cardiac  injuries  there  are  three  chief  elements  to  be  con- 
sidered: (a)  The  effect  of  the  mere  stimulation  by  contact  or  mechanical 
irritation,  etc.,  on  the  cardiac  muscle,  (b)  The  effect  of  procedures  or 
manipulations  which  merely  obstruct  the  heart  and  prevent  the  filling 
and  emptying  of  the  heart  chambers,  and  thus  interfere  with  the 
coronary,  the  intracardiac,  and  the  general  circulation,  (c)  The 
effects  of  traumatisms  which  penetrate  the  heart-chambers,  tap  these 
cavities,  and  thus  lower  the  blood  tension  by  draining  the  total  mass 
of  the  circulating  blood,  leading  to  acute  traumatic  anemia. 

(3)  Any  direct  mechanical  stimulation  of  short  duration  applied  to 
the  heart  will  invariably  bring  about  a  momentary  arrest  of  the  heart, 
which  is  quickly  followed  by  a  systolic  contraction  of  compensatory 
intensity.  If  the  stimulation  is  continued,  the  pulse  is  retarded,  irreg- 
ular systolic  contractions,  arhythmia,  and  a  slight  fall  in  the  blood- 
pressure  are  obtained. 

(4)  All  parts  of  the  heart  respond  invariably  and  in  the  same 
characteristic  manner  to  mechanical  irritation.  The  exhausting  effect 
of  the  permanent  irritation  upon  the  heart  will  become  more  marked 
with  the  duration  and  intensity  of  the  irritation. 

(5)  Mechanical  obstructions  to  the  circulation  of  the  blood  in  the 
cardiac  chambers  diminish  the  excursions  of  the  heart  muscle  and  its 
range  of  motion,  create  disorder  in  the  cardiac  cycle  and  peripheral 
pulse,  and  are  followed  by  a  general  and  rapid  fall  of  the  blood-pressure. 
Examples:  Traction  on  the  pericardium  so  as  to  displace  the  heart 
forward  toward  the  wound;  compression  of  the  heart  by  grasping  it  in 
the  hand;  traction  on  the  heart  by  pulling  it  sufficiently  to  elongate  it; 
compressing  the  heart  against  the  edge  of  the  wound  in  the  chest-wall; 
pulling  on  it  so  as  to  dislocate  it  out  of  the  thorax,  and  lifting  it  up  so 
as  to  make  traction  on  the  great  vessels  at  the  root  of  the  heart,  as  in 
attempting  to  inspect  the  posterior  surface;  twisting  it  on  its  axis; 
compression  of  either  one  or  both  venae  cavse  at  the  atria,  or  of  the  auri- 
cles. All  these  manipulations,  so  often  called  for  in  the  emergencies 
of  cardiorrhaphy,  act  injuriously  on  the  general  circulation  and  lower 
the  general  blood-pressure  proportionally  to  the  duration  and  com- 
pleteness of  the  cardiac  obstruction  thus  produced. 
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(6)  The  loss  of  blood  caused  by  penetrating  wounds  of  the  heart 
diminishes  the  general  arterial  pressure  proportionally  to  the  rapidity 
and  volume  of  the  flow,  and  acts  most  injuriously  by  annuling  the  effect 
of  the  secondary  compensatory  systolic  contraction  in  the  effort  to  fill 
up  the  vascular  tree.  If  the  wound  is  large,  death  follows  quickly  from 
acute  anemia  of  the  brain  and  nerve-centers. 

(7)  When  progressive  hemorrhage  occurs  into  a  closed  pericardium 
(hemopericardium),  a  gradual  interference  with  the  heart  action  fol- 
lows, proportional  to  the  increase  in  the  intrapericardial  pressure.  The 
diastolic  dilatation  of  the  auricles  and  ventricles  is  interfered  with,  and 
the  inflow  of  blood  into  the  auricles  and  ventricles  is  prevented.  The 
heart  is  thus  strangulated,  as  it  were,  at  its  base.  This  is  followed 
by  a  progressive  fall  in  the  general  arterial  blood-pressure,  a  rise  in  the 
venous  tension,  and  increasing  rapidity,  as  well  as  emptiness  of  the 
peripheral  pulse.  This  " heart  compression"  (Rehn),  first  described  by 
Morgagni  and  subsequently  insisted  upon  by  E.  Rose  (1884),  as  "Herz- 
Tamponade, "  is  the  most  frequent  cause  of  death  in  heart  injuries, 
and  furnishes  the  clearest  and  most  imperative  indications  for  operative 
interference. 

Francois  Franck,  by  experiments  on  dogs,  determined  that  the  auricles  are 
compressed  as  soon  as  the  pressure  on  the  pericardium  exceeds  the  pressure  in  the 
large  veins.  Lagrolet.  who  confirmed  this  observation,  also  demonstrated  that  an 
animal  with  a  cardiac  wound  dies  more  promptly  when  the  pericardium  is  closed 
than  when  it  is  open  and  the  blood  is  allowed  to  escape.  There  is  no  doubt  that 
rapidly  increasing  heart  pressure  may  kill  very  quickly,  even  before  the  pericar- 
dium has  become  much  distended.  In  some  cases  250  c.c.  of  blood  pent  up  in 
the  pericardium  have  proved  sufficient  (Rehn).  On  the  other  hand,  if  the 
wound  is  small  and  superficial  and  the  heart  pressure  is  slowly  developed,  it  may 
prove  in  itself  to  have  a  salutary  and  life-saving  effect  by  arresting  the  hemor- 
rhage. A  number  of  these  cases  owe  their  recovery,  no  doubt,  to  this  factor.  It 
is  wrong,  however,  to  count  upon  such  a  fortunate  event.  Another  hemorrhage 
follows  as  the  hemostatic  thrombus  is  washed  away  by  the  increasing  vigor  of  the 
circulation,  and  the  patient  dies  from  heart-compression — unless  relieved  by  art. 

(8)  When  intrapericardiac  tension  is  relieved  by  tapping  the  peri- 
cardium and  draining  the  pent-up  blood,  the  arterial  pressure  rises 
instantly,  the  frequency  of  the  pulse  is  diminished,  cyanosis  and  venous 
turgescence  disappear,  and  the  rhythm  of  the  heart  is  restored. 

(9)  By  suturing  a  penetrating  heart  wound,  which  has  caused  exsan- 
guination  to  the  extent  of  extinguishing  the  carotid  pulse,  the  blood- 
pressure  and  the  peripheral  pulse  may  be  gradually  restored;  especially 
if  artificial  respiration  is  kept  up. 

The  Control  of  the  Cardiac  Circulation. — Prophylactic  Sur- 
gical Hemostasia  by  Digital  Compression. — In  connection  with  the 
practicability  of  controlling  arterial  hemorrhage  from  the  heart 
during  the  performance  of  suture  Rehn  (1907)  reported  several  experi- 
ments performed  by  himself  and  others,  which  support  his  belief  that 
temporary  ischemia  of  the  heart  can  be  absolutely  obtained  by  com- 
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pressing  the  right  venous  atrium,  i.  e.,  the  venae  cavae  at  their  entrance 
into  the  right  auricle  of  the  heart.  In  this  way  no  blood  could  enter 
the  heart,  and  the  circulation  would  be  entirely  arrested  while  the  com- 
pression lasted.  However,  the  experimental  evidence  and  also  some  of 
the  clinical  observations  (Villar,  Guinard)  would  seem  to  show  that  this 
procedure  can  be  kept  up  for  a  few  seconds — just  long  enough  to  allow 
the  suture  of  a  heart  wound — sufficiently  long  to  arrest  a  hemorrhage 
which,  if  continued,  will  quickly  extinguish  life.  Gottlieb  repeated 
Rehn's  experiments  and  confirmed  his  conclusions: 

(1)  That  hemorrhage  from  any  wound  of  the  heart  may  be  arrested  by  com- 
pression of  the  right  auricle,  or  at  least  controlled  by  a  partial  compression  sufficiently 
to  permit  the  bloodless  suture  of  the  heart  (Figs.  18  and  19). 

(2)  Partial  compression  is  practically  tolerated  by  the  dog's  heart  up  to  four 
minutes,  probably  even  longer;  total  compression,  positively  up  to  one  to  one  and 
one-half  minutes;  beyond  that  time,  uncertain.  Beyond  a  doubt,  the  human  heart 
will  prove  far  more  tolerant  of  this  procedure.  In  the  dog  the  especial  danger  is 
in  "fibrillation"  or  irregular  insufficient  myocardial  contraction,  which  is  irremedi- 
able in  the  dog,  and  is  only  transitory  in  the  rabbit  and  cat. 


Ir/ta  cat  a  Jt  auricle 


Fig.    18. — Compression    of    Right    Heart.  Fig.    19. — Compression    of    Right    Heart. 
First  Step  (Sauerbruch).  Second  Step   'Sauerbruch). 

The  right  auricle  at  the  entrance  of  the  Heart  held  ready  for  suture  by  the  thumb  and 
great  veins  placed  between  the  third  and  fourth  index-finger, 

fingers. 

By  compressing  the  superior  and  inferior  vena?  cavae  with  soft 
clamps,  Sauerbruch  and  Von  Hacker,  working  on  dogs  in  Sauerbruch's 
chamber,  found  that  almost  complete  ischemia  of  the  heart  could  be 
obtained  for  ten  minutes  without  fatal  consequences.  After  ligature 
of  the  cavae  alone,  dogs  die  in  four  to  twelve  hours,  with  progressive 
lowering  of  the  blood-pressure. 

Laewen  and  Siewers  (1908),  in  a  research  to  determine  the  effect 
upon  the  circulation  and  degree  of  tolerance  of  provisional  ligation 
of  the  pulmonary  artery  and  the  aorta,  while  extracting  thrombi  and 
emboli  from  the  pulmonary  artery  (Trendelenburg's  operation), 
found  that  in  rabbits  the  heart  could  be  made  to  resume  its  functions 
after  six  minutes  of  continuous  compression  of  these  two  arteries. 
The  brain  showed  much  less  resistance  than  the  heart  to  the  effects 
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of  the  ischemia  brought  about  by  this  procedure.  It  was  found  that 
beyond  one  minute  of  time  it  was  unsafe  to  continue  the  joint  com- 
pression of  the  pulmonary  artery  and  the  aorta.  To  obviate  the 
dangers  of  permanent  and  irremediable  damage  to  the  brain,  the 
compression  of  the  aorta  at  least  should  be  interrupted  once  a  minute. 
These  observers  also  noted  that  while  compression  of  the  right  auricle 
or  of  the  venae  cavae  separately,  as  proposed  by  Rehn  and  Sauer- 
bruch,  is  well  tolerated  by  the  heart  for  as  long  as  ten  minutes,  the 
brain  was  permanently  damaged  after  nine  minutes'  compression. 
Three  and  three-quarter  minutes  is  the  maximum  time  limit  of 
ischemia  that  the  brain  and  the  heart  will  tolerate  in  rabbits  with  any 
degree  of  safety. 

Preservation  of  the  Contractility  of  the  Heart  Muscle  after  Exclu- 
sion of  the  Circulation. — According  to  Tigerstaedt,  the  heart  is  not 
nearly  so  dependent  upon  its  blood-supply  as  was  formerly  assumed. 
The  circulation  in  the  rabbit's  heart  may  be  suspended  during  six  min- 
utes, and  yet  the  organ  will  recover.  According  to  the  same  observer, 
it  is  possible  for  a  heart  which  has  been  excluded  from  the  circulation 
for  ten  minutes  and  over  to  be  brought  to  life  again  by  blood  trans- 
fusion. The  length  of  time  that  the  contractility  of  the  heart  is  pre- 
served after  death  or  after  detachment  from  the  body — as  recorded  by 
recent  experimental  research — is  marvelous.  The  excised  heart  of  a  rab- 
bit, which  had  been  kept  hanging  in  the  laboratory  for  five  days,  was 
transfused  with  Locke's  solution  and  made  to  contract  sufficiently  to 
give  tracings  2.5  mm.  high  (Lock  and  Rosenheim,  1905). 

Kuliabko  (1902)  established  an  artificial  circulation  in  a  rabbit's 
heart  which  had  been  removed  from  the  body.  It  was  kept  at  a  tem- 
perature of  40°  C.  and  showed  regular  contractions.  After  a  half-hour 
it  was  placed  in  an  ice-chest  for  eighteen  hours,  when  the  experiment 
was  repeated,  and  after  less  than  half  a  minute  the  heart  recovered  its 
rhythmic  contractions,  these  beginning  at  the  openings  of  the  venae  cavae. 
The  movements  then  extended  to  the  right  ventricle,  but  not  to  the  left; 
in  four  and  one-half  hours  the  pulsations  ceased.  Kuliabko  also  took  the 
heart  of  an  infant  three  months  old  who  had  died  of  double  pneumonia. 
Twenty  hours  after  death  the  heart  wras  removed  from  the  body  and 
Locke's  fluid  used.  The  heart  remained  still  at  first;  after  twenty  min- 
utes feeble  peripheral  contractions  began,  which  later  extended  to  the 
ventricles,  and  finally  the  entire  heart  began  to  pulsate,  and  continued 
to  do  so  for  more  than  an  hour.  He  has  repeated  this  experiment 
thirty  hours  after  death  with  human  hearts.  Velich  (1903)  was  unable 
to  obtain  contractions  of  the  heart  after  the  organ  had  been  frozen 
in  salt  solution  for  twenty-four  hours. 

Experimental  Valvular  Cardiac  Lesions  in  Living  Animals. — The  technical 
skill  exhibited  by  modern  physiologists,  pathologists,  and  other  laboratory  workers 
in  the  production  of  these  delicate  and  highly  specialized  lesions,  without  immediately 
fatal  consequence  to  the  animal,  is  an  object  lesson  on  the  tolerance  of  the  heart  for 
trauma  which  should  not  be  overlooked  by  the  practical  surgeon.  Not  only  are 
lesions  of  individual  valves  or  parts  of  valves  obtained  without  immediately  fatal 
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results,  but  the  survival  of  the  animal  is  sufficient  to  permit  a  careful  study  of  the 
primary  and  secondary  disturbances  in  the  mechanism  of  the  circulation  which 
closely  imitate  the  same  phenomena  caused  by  cardio-vascular  disease  in  man. 
Obstructive  and  regurgitant  lesions  of  the  aortic,  pulmonary,  mitral,  and  tricuspid 
valves,  and  septal  lesions  imitating  congenital  deficiencies  can  now  be  systematically 
produced  in  the  laboratory  by  methods  and  instruments  which  have  been  well 
specialized  by  experimental  operators.  The  educational  value  of  such  demonstra- 
tions when  scientifically  conducted  in  training  the  future  clinician  is  inestimable. 
This  has  been  clearly  shown  in  this  country  by  W.  G.  MacCallum,  who  has  adopted 
the  experimental  method  in  teaching  pathologic  physiology. 

Though  the  surgeon  may  not  be  able  to  profit  immediately  by  these  brilliant 
laboratory  accomplishments  in  cardio-valvular  surgery,  they  have  for  him  at  least 
a  twofold  interest:  namely,  they  show  that  with  proper  methods  of  hemostasis  and 
comparatively  simple  technic  successful  intracardiac  surgery  (in  the  auriculo- 
ventricular  chambers)  is  possible;  and  that  the  possibility  of  correcting  valvular 
defects  of  pathologic  origin,  such  as  mitral  stenosis  or  insufficiency,  as  suggested  long 
ago  by  Lauder  B  run  ton,  is  not  such  a  chimera  as  many  have  supposed. 

The  readers  interested  in  these  methods  and  technic  will  find  numerous  references 
in  the  Index  Medicus,  including  the  contributions  mentioned  in  the  papers  of  Mac- 
Callum and  v.  Haecker. 

Causes  of  Sudden  Arrest  of  Heart  Action  in  Certain  Traumatisms. — 

The  sudden,  almost  instantaneous  and  fatal,  arrest  of  the  heart's 
movements  occasionally  observed  when  punctured  or  other  wounds 
are  inflicted  on  the  heart,  especially  when  the  upper  interventricular 
or  left  atrioventricular  regions  are  involved,  have  been  a  fruitful 
source  of  experimental  investigation  and  physiologic  speculation. 
In  these  cases  neither  the  extent  of  the  trauma  nor  the  amount  of 
hemorrhage  are  sufficient  to  account  for  the  sudden  death.  The 
region  involved  in  the  trauma,  often  a  mere  puncture,  appears  to  be 
more  closely  related  to  the  causation  of  the  phenomenon  than  any 
other  known  factor.  However,  experimental  evidence  on  this  point 
is  contradictory. 

The  supposed  Kronecker-Schmey  center  was  called  upon  for  an 
explanation  of  this  noteworthy  phenomenon;  a  sudden  arrest  of 
the  heart  sometimes  occurring  in  animal  experimentation  after 
injury  of  this  supposed  center.  A  number  of  physiologists, 
without  denying  the  fact  that  interference  with  peripheral  con- 
traction of  the  heart  and  serious  motor  disturbances  followed 
injury  in  the  spot  indicated  by  Kronecker  (1884),  doubted  the  exist- 
ence of  the  Kronecker  center,  whereas  others  apparently  confirmed  it 
by  their  experiments,  but  so  far  no  cases  have  been  recorded  in  which 
an  injury  to  the  corresponding  part  of  the  heart  in  man  produced  a  sud- 
den arrest.  According  to  the  modern  myogenetic  theory  of  the  heart-beat, 
the  heart  continues  to  work  automatically  even  after  it  has  been  severed 
from  all  its  connections  and  isolated  from  all  outside  nerves.  According 
to  this  theory,  it  is  difficult  to  explain  the  sudden  arrest  of  the  heart. 
The  most  plausible  explanation  in  this  connection  would  seem  to  be  the 
inhibition  of  the  heart  movements  caused  by  injury  to  the  auriculo- 
ventricular  muscular  bundle  of  His  ("Gaskell's  bridge,"  Keith),  which 
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conducts  motor  impulses  from  the  auricles  to  the  ventricles.  Quite 
recently  Erlanger  (1905)  positively  demonstrated  that  the  compression 
of  this  bundle  is  sufficient  to  bring  about  the  phenomenon  of  "heart 
block,"  in  which  the  auriculo- ventricular  movements  of  the  heart 
become  entirely  dissociated;  and  when  the  injury  is  sufficiently 
severe,  as  Kronecker  and  Mills  proved  (1884)  in  connection  with  their 
supposed  center,  the  ordinary  ventricular  contractions  are  arrested 
and  a  " fibrillar  action" — a  sort  of  incoordinated  movement  of  the 
muscle-fibers — takes  place  which  is  absolutely  ineffective  in  expelling 
any  blood  from  the  organ.  It  would,  therefore,  be  quite  possible  that 
accidental  injuries  to  this  bundle  may  be  followed  by  immediately 
fatal  cardiac  disturbances.  Whether  we  call  it  the  Kronecker-Schmey 
center  or  the  muscular  bundle  of  His  does  not  matter  for  our  particular 
purpose.  The  fact  remains  that,  on  a  level  with  the  auriculo-ventric- 
ular  groove,  there  is  a  small  area  in  the  heart  which  controls  the 
rhythmic  movements  of  the  organ,  which  will  cause  fatal  disturbances 
when  permanently  injured. 

Sudden  deaths  in  injuries  of  the  heart  have  also  been  accounted  for 
by  reflex  action.  Afferent  impulses  would  be  transmitted  from  the  heart 
to  the  medulla  and  sent  back  by  the  pneumogastric.  Whatever  may  be 
the  mechanism  by  which  the  sudden  arrest  of  the  heart  takes  place, 
it  is  a  fact,  nevertheless,  that  must  be  clinically  reckoned  with.  In  the 
course  of  operations  on  the  heart  in  man,  on  a  few  occasions,  the  heart 
has  stopped  suddenly  and  finally  in  systole;  and  in  experimental  work 
the  same  phenomenon  is  recorded  as  occurring  quite  suddenly  and 
inexplicably.  Every-day  clinical  experience  teaches  that  sudden 
paralysis  of  the  heart  may  occur  reflexly  under  the  most  variable  con- 
ditions, especially  in  psychic  excitement  of  all  kinds,  as  the  result  of 
so-called  mental  shock.  Surgeons  are  particularly  familiar  with  the 
fact  that  shock  and  myocardial  weakness  or  paralysis  are  intimately 
associated;  that  certain  traumatisms  (blows  on  the  testis,  on  the  epigas- 
trium, thorax,  larynx,  spermatic  cord)  are  followed  by  sudden  arrest 
of  the  heart's  action,  in  which  exhaustion  of  the  vasomotor  center  in 
the  medulla  appears  to  be  primarily  at  fault  (Crile,  1899;  Ehrenroth, 
Maschke,  1904).  Why  should  not  traumatism  directly  applied  to  the 
heart  be  also  capable  of  occasionally  inducing  a  sudden  arrest  of  its 
function?  As  clinicians  we  must,  therefore,  bear  in  mind  the  fact  that 
this  fulminating  death  in  connection  with  heart  injuries  most  commonly 
occurs  as  the  effect  of  severe  indirect  violence  in  which  there  is  great 
shock;  it  is  less  frequent  in  gunshot  injuries,  and  exceptional  in  punc- 
tured and  incised  wounds.  From  the  practical  point  of  view,  as  Bor- 
chardt  says,  it  is  entirely  indifferent  whether  death  results  in  these  cases 
instantaneously  by  way  of  the  reflexes,  or  whether  it  takes  place  at  the 
end  of  seconds  or  minutes  only,  as  the  result  of  hemorrhage  or  of  the 
mechanical  break-up  in  the  heart.  When  the  patient  drops  dead  or  dies 
in  a  few  minutes  after  injury  he  is  simply  inaccessible  to  any  form  of 
treatment.     Fortunately,  however,  these  cases  are  rare. 

Simple  myocardial  wounds  may  cause  death  by  direct  hemorrhage 
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from  the  vascular  heart  muscle  (the  blood  flowing  externally),  by  surgical 
anemia,  or  by  producing  heart  compression  in  a  closed  pericardium. 

Penetrating  Wounds. — The  effect  of  these  wounds  varies  with  the  size 
of  the  wound  and  its  character  (lacerated,  punctured,  stab,  or  gunshot) ; 
with  the  thickness  of  the  ventricle  at  the  site  of  the  injury;  the  presence 
or  absence  of  trabecular  columnae  carneae;  papillary  muscles,  which 
help  to  arrest  the  flow  of  blood;  the  direction,  whether  oblique,  straight, 
irregular,  or  tortuous. 

Wounds  of  the  Ventricles. — In  equality  of  conditions  wounds  of  the 
right  ventricle  bleed  more  profusely  and  are,  therefore,  more  dangerous 
than  those  of  the  left  ventricle,  because  of  the  greater  thickness  and 
greater  size  of  the  columnae  carneae  in  the  left  ventricle,  which  favor 
thrombus  formation.  On  the  other  hand,  wounds  of  the  left  ventricle 
bleed  intermittently  with  each  systolic  contraction,  the  blood-stream 
being  ejected  with  great  force  from  the  wound,  even  at  a  distance  from 
the  chest-wall,  with  each  contraction.  In  the  right  ventricle  the  flow 
is  almost  continuous. 

Wounds  of  the  Auricles. — These  wounds  are  regarded  by  all  experi- 
menters and  clinicians  as  more  dangerous  than  those  of  the  ventricles, 
because  the  auricles  are  thinner  walled,  possess  less  contractility,  and 
less  tendency,  therefore,  to  hemostatic  thrombus  formation. 

Wounds  of  the  interventricular  septum  are  not  so  dangerous  per  se  as 
those  which  open  the  cavities,  provided  they  are  not  complicated  by 
wounds  of  the  coronary  arteries. 

As  a  rule,  large  cardiac  wounds  do  not  tend  to  close  spontaneously; 
they  gape  widely,  and  even  have  a  tendency  to  increase  in  size  (Bode). 

In  recent  penetrating  heart  injuries,  hemorrhagic  and  serofibrinous 
exudates  from  consecutive  pericarditis  are  almost  invariably  present, 
even  in  the  most  aseptic  cases.  There  is  always  some  blood-clot  in 
the  pericardium.  In  non-penetrating  wounds  the  seat  of  the  injury 
is  covered  by  a  layer  of  fibrinous  exudation  of  variable  thickness,  accord- 
ing to  the  extent  and  character  of  the  traumatism.  Adhesions  usually 
form  quite  early  between  the  epicardium  and  the  parietal  layer  of  the 
serosa;  in  penetrating  wounds  the  tendency  to  obliterative  adhesions 
is  most  marked.  These  adhesions  are  partly  due  to  the  organization 
of  the  bloody  extravasation  in  the  sac,  but  more  often  to  a  secondary 
complicating  pericarditis.  Extensive  adhesions  often  form  without 
inflammatory  signs  or  characteristic  manifestations  (Ewald,  Payr). 
The  adhesions  may  be  strictly  limited  to  the  area  of  the  wound  itself, 
or  to  the  entire  pericardial  sac.  Occasionally  the  process  may  continue 
as  a  progressive  sclerogenic  and  diffused  connective-tissue  proliferation, 
which  is  described  in  the  section  on  Mediastinopericarditis.  This  con- 
dition is  attended  with  all  the  evil  effects  on  the  nutrition  and  the  func- 
tion of  the  heart  previously  described  in  referring  to  the  indications  for 
cardiolysis.  Usually  the  extent  and  thickness  of  the  adhesions  are  pro- 
portional to  the  degree  and  duration  of  the  primary  infection,  and  arc 
always  worse  in  the  pyogenic  infections.  They  are  relatively  insignifi- 
cant in  the  aseptic  cases. 
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When  the  larger  branches  of  the  coronary  arteries  are  involved  in 
the  traumatism,  secondary  myocardial  degeneration  may  be  expected, 
though  this  did  not  occur  in  the  cases  of  Capellen  and  Pagenstecher, 
in  which  large  primary  branches  of  the  coronaries  were  ligated  with  no 
secondary  degenerative  effects  upon  the  heart  muscle.  Lesions  of  the 
endocardial  surface — endocarditis,  valvular  disturbances,  stenosis, 
and  insufficiency,  from  direct  injury  to  the  valves  or  the  chordae  tendinis, 
— occasionally  occur,  and  leave  the  patient  with  the  characteristic 
symptomatic  and  physical  manifestations  of  these  defects.  In  other 
cases  in  which  perforation  of  the  ventricular  or  auricular  septa  occurs, 
permanent  communications  or  fistulae  remain  between  opposite  cardiac 
chambers,  which  in  every  way  imitate  the  conditions  of  the  congenital 
defects  (vitium  cordis)  which  transform  the  ordinary  mammalian  into 
a  reptilian  type  of  circulation.  In  recent  wounds  of  the  heart  natural 
hemostasis  is  obtained,  as  in  other  vascular  injuries,  by  the  formation 
of  a  provisional  obturating  thrombus  which  may  plug  the  wound  for 
a  variable  time  after  the  injury.  As  the  obturating  effect  of  the  pri- 
mary clot  passes  away  and  the  arterial  tension  increases,  the  clot  may 
be  washed  away  by  the  slightest  exertion  (cough,  straining  at  stool, 
sitting  up  in  bed),  and  thus  death  may  occur  within  the  first  week  after 
the  injury  while  the  patient  is  apparently  doing  well.  Loison  reports. 
9  such  cases. 

In  other  more  favorable  wounds,  especially  of  the  ventricles,  the 
thrombus  remains  and  organizes,  but  here  recovery  is  also  uncertain,  de- 
pending largely  upon  the  extent  and  character  of  the  wound.  In  larger 
wounds  the  tract  is  only  partially  closed  by  scar  tissue.  A  relatively  thin 
cicatrix  obturates  the  external  or  epicardial  opening,  while  the  remaining 
part  of  the  wound  tract  persists  as  an  open  space  connected  with  the 
heart  chambers,  filled  with  blood,  and  lined  within  by  endothelium  of 
endocardial  origin.  This  partial  cicatrization  is  followed  by  a  gradual 
distention  of  the  inelastic  connective  tissue,  which  yields  to  the  blood- 
pressure  and  gradually  develops  into  a  sacculated  false  cardiac  aneurism. 
These  pouches  rupture  sometimes  quite  early,  with  fatal  effect.  In 
others  early  rupture  is  prevented  by  the  formation  of  dense  adhesions 
which  unite  the  heart  to  the  pericardium  at  the  seat  of  injury.  The 
most  favorable  termination  that  can  occur  in  unaided  natural  repair  is 
the  obliteration  of  the  wound  tract  with  a  connective-tissue  plug. 
True  myocardial  regeneration  is  largely  prevented  in  the  unsutured 
cases  by  the  greater  size  of  the  organized  thrombus  which  fills  the  wound 
tract.  Therefore  the  cicatrix  in  a  spontaneously  healed  wound  remains 
as  a  locus  minoris  resistentice,  which  is  always  a  menace  to  the  patient's 
life.  On  the  other  hand,  it  has  been  clearly  shown  by  Bonomi,  Mariotti, 
and  Elsberg,  that  heart  wounds,  when  properly  approximated  by  suture, 
heal  by  true  myocardial  regeneration,  and  with  a  minimum  of  con- 
nective-tissue proliferation.  Hence  the  advantage  of  suturing  heart 
wounds,  which,  if  successfully  performed,  insure  a  more  permanent 
recovery — free  from  the  histologic  weaknesses  and  physiologic  dis- 
advantages which  attend  large  scar  formations. 
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General  Etiology,  Classification,  Localization,  and  Character 
of  Cardiac  Injuries. — The  heart  is  subject  to  traumatisms  of  all 
kinds.  Wounds  of  this  organ  which  are  susceptible  of  surgical  treat- 
ment, and  which  are  sometimes  capable  of  spontaneous  cure,  are  pro- 
duced by  two  kinds  of  traumatism:  (1)  By  the  penetration  of  the 
vulnerating  body  through  one  or  more  of  the  heart-walls;  (2)  by 
contusions  and  crushing  injuries  which  lead  to  the  rupture  or  lacera- 
tion of  the  organ. 

The  so-called  spontaneous  ruptures  or  pathologic  perforations 
caused  by  degenerative  or  other  anatomic  changes  in  the  heart-wall 
embrace  a  large  category  of  cases,  the  rupture  constituting  a  terminal 
or  complicating  phase  of  myocardial  disease  in  which  fatty  and  fibroid 
degeneration  from  coronary  lesions,  infectious  infarcts,  ruptured 
aneurismal  dilatations,  are  the  fundamental  features.  No  operative 
treatment  has  thus  far  been  recorded  for  the  relief  of  this  class  of  cases. 
Surgical  intervention  is  theoretically  indicated  in  their  treatment,  as 
in  the  spontaneous  or  pathologic  perforations  of  the  hollow  viscera 
elsewhere  in  the  body,  but  the  pathologic  conditions  which  underlie 
the  spontaneous  ruptures  of  the  heart  are  of  such  a  character  and 
occur  in  such  forbidding  general  conditions  that  no  operative  inter- 
vention can  usually  be  regarded  as  practicable. 

With  Fischer,  wounds  of  the  heart  may  be  etiologically  classified 
into  punctured,  incised,  contused,  crushed,  and  gunshot,  all  of  which 
may  be  subdivided  into  penetrating  and  perforating.  Again,  some  of 
them  may  be  divided  into  direct  and  indirect;  also  into  external  or 
extrinsic  and  internal  or  intrinsic,  as  in  the  group  of  lesions  considered 
under  the  spontaneous  ruptures  or  perforations. 

Fischer,  in  his  great  classic,  collected  401  cases  of  heart  injuries, 
which  he  gathered  from  the  remotest  antiquity  to  his  own  time.  Loison 
collected  277  additional  cases  in  1897,  and  Salomoni,  in  1901,  added  45 
more:  the  total  of  all  three  summing  up  723  wounds  not  operated  on. 
In  Fischer's  group  the  relative  frequency  of  these  wounds  is  given  as 
follows:  Punctured  wounds  with  pointed  weapons,  11.3  per  cent.;  by 
pointed  and  cutting  weapons  (stabs),  66.6  per  cent.;  by  firearms,  21 
per  cent.  Loison,  in  1899,  in  a  total  of  233  cardiac  injuries,  found 
that  49.3  per  cent,  were  gunshot  wounds,  40  per  cent,  stab  wounds, 
and  10.3  per  cent,  punctured  wounds. 

In  the  latest  classified  statistics  of  heart  injuries  operated  upon,  com- 
piled by  Rehn  at  the  meeting  of  the  German  Surgical  Society,  April,  1907, 
we  find  that  109  were  punctured  or  stab  wounds  and  15  gunshot  wounds, 
or  about  12  per  cent.  This  small  percentage  of  gunshot  wounds  in  the 
operative  cases  is  identical  with  the  statistics  of  Lenormant, 
who,  in  128  operative  cases  from  all  sources,  finds  reported  only  16 
gunshot  wounds.  This  difference  in  the  relative  preponderance  of  the 
gunshot  to  other  wounds  in  the  non-operated  and  operated  group  is 
explained  by  Loison,  who  says  that  one-third  of  the  gunshot  patients 
succumb  immediately  or  within  the  first  hour  after  the  injury,  and 
in  this  way  give  no  opportunity  for  surgical  intervention. 
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Injury  of  the  heart  by  "impaling"  is  also  recorded  (Borchardt). 
Under  the  peculiar  circumstances  of  this  brutal  violence  complicated  and 
very  grave  lesions  are  produced.  Heart  wounds  caused  by  fish-bones, 
bone  fragments,  and  foreign  bodies  introduced  through  the  esophagus 
have  also  been  recorded. 

Some  of  the  most  extensive  and  frightful  injuries  are  caused  by 
indirect  crushing  violence,  as  when  the  heart  is  compressed  or  jammed 
between  the  chest-wall  by  a  grinding  weight  or  two  opposing  forces, 
as  between  the  bumpers  of  railway  cars,  kicks  from  iron-shod  hoofs, 
falls  from  great  heights,  run-over  accidents,  railroad  crushes,  etc. 
The  heart  may  suffer  the  gravest  injuries  under  these  circumstances 
without  a  visible  external  wound.  More  often  there  are  fractures  of 
the  ribs,  sternum,  or  other  parts  of  the  thorax.  In  other  cases  the  heart 
is  only  secondarily  injured  by  a  stray  fragment  of  ribs  or  bone  which 
has  been  forced  against  it,  as  in  a  recent  case  reported  by  Travers 
(Lancet,  September,  1906),  in  which  a  laceration  in  the  heart  produced 
by  a  fractured  rib  was  successfully  sutured.  The  gravest  indirect 
injuries  of  this  class  are  those  in  which  the  heart  is  literally  torn  and 
detached  at  its  root — the  heart,  in  fact,  has  been  known  to  be  violently 
ejected  at  a  distance  from  the  chest  wound,  entirely  severed  from  all 
its  vascular  connections.     Bernstein  (1905)  reports  8  cases  of  this  class. 

Localization  of  Penetrating  Heart  Wounds;  their  Relative 
Frequency  and  Effects. — There  is  a  statistical  difference  in  the  rela- 
tive frequency  of  the  parts  involved  according  to  the  source  of  the  sta- 
tistics, from  post-mortem  records  or  from  surgical  operations.  Accord- 
ing to  G.  Fischer,  whose  statistics  are  based  entirely  upon  necropsies, 
39.2  per  cent,  involve  the  right  ventricle;  34.4  per  cent.,  the  left  ventricle; 
and  8.7  per  cent.,  the  right  auricle.  Oliver,  in  61  observations,  found  that 
the  right  ventricle  was  involved  in  47.5  per  cent. ;  the  left  ventricle,  in 
19.6  per  cent.;  the  two  ventricles,  in  44.7  per  cent.  Zannetti,  in  a 
study  of  125  cases,  states  the  proportion  to  be  35.2  per  cent,  for  the 
right  ventricle;  23.2  per  cent,  for  the  left  ventricle;  and  10.4  per  cent, 
for  the  right  auricle.  Loison's  statistics  in  the  main  confirm  these  older 
figures  and  show  that  gunshot  wounds  injure  the  right  ventricle  only 
one-half  as  often  as  the  left.  In  this  way  they  differ  from  stab  and 
punctured  wounds,  which  involve  more  often  the  right  ventricle,  the 
right  auricle,  and  the  interventricular  groove. 

The  statistics  of  the  cases  operated  upon  differ  from  the  preceding, 
showing  that  the  left  ventricle  is  involved  more  often  than  the  right,  prob- 
ably because  wounds  of  the  left  ventricle  are  more  favorable  and  per- 
mit of  a  longer  survival  than  those  of  the  right  side.  Thus  Rehn,  in  the 
latest  compilation,  reports  that  in  124  sutured  cases  the  wound  involved 
the  left  ventricle  in  55  (with  45  per  cent,  recoveries),  and  the  right 
ventricle  in  50  (with  32  per  cent,  recoveries).  The  left  auricle  was 
involved  in  3  (with  2  recoveries) ;  the  right  auricle  in  4  (with  2  recoveries) . 
In  one  case  the  septum  was  wounded  without  involving  the  ventricles; 
in  11  cases  the  localization  of  the  wound  was  not  mentioned.  Lenor- 
mant's  collection  of  128  cases,  published  in  September,  1906, — which 


SURGERY    OF    THE    HEART.  53 

includes  those  previously  tabulated  by  Guibal  (1905),  Borchardt  (1906), 
Spangaro  (1906),  Tscherniachowsky  (1906), — agree  with  Salomoni's 
figures  and  Rehn's  later  figures  in  showing  the  greater  frequency,  and 
benignity  as  well,  of  left  ventricular  injuries  in  the  cases  that  survived 
long  enough  to  undergo  cardiorrhaphy.  Those  of  the  left  ventricle 
include  58  wounds,  with  44.8  per  cent,  recoveries;  of  the  right  ventricle, 
49  cases,  with  28.5  per  cent,  recoveries;  5  apex  wounds  yielded  2  recov- 
eries; the  right  auricle,  3  cases  and  1  death;  the  left  auricle,  3  cases  and 
1  death.  The  wounds  of  the  auricles  are  entirely  too  few  to  justify 
conclusions.  That  they  are  more  frequently  fatal  cannot  be  doubted. 
All  wounds  of  the  auricle  involving  the  septum  or  the  pulmonary  artery 
(once  sutured  by  Mauclaire)  ended  fatally. 

Symptomatology  and  Diagnosis  of  Heart  Wounds.— There  is 
no  pathognomonic  sign  by  which  a  wound  of  the  heart  can  be  absolutely 
and  unequivocally  diagnosed.  There  are,  however,  groups  of  signs  and 
symptoms  which,  when  combined  with  the  history  of  the  case,  the  seat 
and  direction  of  the  wound,  or  the  probable  range  and  track  of  the  missile, 
if  it  is  a  gunshot  wound,  make  the  diagnosis  practically  certain  and 
unmistakable. 

It  is  not  surprising,  in  view  of  the  numerous  complications  that 
are  associated  with  these  injuries  and  the  many  fallacies  that  underlie 
the  interpretation  of  the  symptoms  and  physical  signs,  that  the  diagnosis 
should  be  beset  with  difficulties  in  so  many  cases. 

When  a  needle  or  fragment  of  a  weapon  is  seen  sticking  in  the  chest- 
wrall,  moving  synchronously  with  the  heart,  or,  as  is  impressingly 
described  by  Homer  (Paget) : 

"  He  fell;  the  spear  point  Quivering  in  his  heart, 
Which,  with  convulsive  throbbing  shook  the  shaft. " 

Or  when  the  heart  is  freely  exposed  in  a  large  wound  of  the  chest  with 
a  stream  of  frothy  blood  pouring  out  of  it  (Korte) ;  or  when  a  wound  is 
large  enough  to  admit  the  aseptic  finger  of  the  examiner,  which  may, 
in  some  cases,  be  readily  introduced  directly  into  the  pericardium,  and 
not  only  feel  the  heart,  but  actually  plug  a  bleeding  wound  in  the  heart 
itself  (Longo,  Giordano),  then  the  diagnosis  is  self-evident.  On  the 
other  hand,  and  quite  frequently,  the  gravity  of  the  symptoms  is 
entirely  out  of  proportion  to  that  of  the  wound,  so  that  a  comparatively 
trifling  wound  may  be  accompanied  by  the  most  formidable  symptoms; 
so  deceptive,  in  fact,  that  in  at  least  two  cases  experienced  operators 
(Giordano,  Sorrentino)  have  opened  the  pericardium  to  find  that  the 
heart  was  uninjured.  At  other  times  the  outward  appearances  are  re- 
markably reassuring,  while  the  actual  lesions  are  exceedingly  grave 
and  alarming  to  the  careful  observer. 

Even  when  the  external  evidences  of  heart  injury  are  not  so  apparent 
the  diagnosis  usually  can  be  made  with  great  certainty  except  in 
the  extreme  cases  previously  referred  to.  It  is  a  common  experi- 
ence that  wounds  inflicted  in  or  about  the  precordium,  in  the  left  para- 
sternal region,  by  sharp-pointed  weapons  or  by  a  bullet  entering  at  a 
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distance  from  the  heart,  the  vulnerating  body  will  penetrate  without 
causing  much  external  bleeding;  even  a  stab  wound  or  knife-thrust  of 
considerable  size  will  not  bleed  profusely,  or  be  associated  with  great 
spurts  or  pools  of  blood  if  the  external  thoracic  wound  and  that  of  the 
pericardium  fail  to  come  in  apposition.  Under  these  circumstances  the 
bleeding  will  be  concealed  internally  and  the  diagnostician  will  have  to 
depend  upon  combined  signs  and  symptoms  which  can  hardly  be  misin- 
terpreted. These  are:  (1)  The  signs  of  internal  hemorrhage  or  acute  sur- 
gical anemia;  (2)  the  symptom-complex  of  heart  compression  or  heart 
tamponade  (Morgagni-Rose  syndrome),  and  the  physical  signs  of  pro- 
gressive hemopericardium;  (3)  physical  or  auscultatory  signs  of  heart 
injury;  (4)  the  physical  and  rational  signs  of  intrapleural  hemorrhage. 

In  nearly  50  per  cent,  of  heart  wounds  the  immediate  effect  of  the 
injury  is  to  produce  unconsciousness,  either  through  psychic  or  traumatic 
shock,  from  which  the  patient  may  rally,  to  develop  promptly  character- 
istic signs  of  internal  hemorrhage  and  vascular  depletion.  Some,  on  the 
other  hand,  retaining  full  consciousness,  will  walk  or  run  some  distance 
or  otherwise  exert  themselves  even  violently  after  a  perforating  injury, 
and  then  drop  as  if  fulminated;  others  may  retain  consciousness 
and  lucidity  of  mind  until  recovery  or  death.  After  a  temporary 
rally,  whenever  the  lesion  is  such  as  to  permit  of  provisional  hemostasis 
by  clotting  in  the  heart  wound,  the  hemorrhage  will  return  with  the 
improvement  of  the  circulation  and  the  consequent  displacement  of  the 
clot.  If  the  blood  finds  no  outlet  from  the  pericardium,  externally 
or  into  the  pleura,  then  the  signs  and  symptoms  of  heart  compression 
will  appear  progressively  in  direct  proportion  to  the  quantity  of  blood 
entering  the  pericardium.  The  "Herz-tamponade"  then  begins,  and 
is  indicated  by  the  signs  of  venous  retardation  and  increased  tension  of 
the  venous  system,  due  to  compression  of  the  auricles.  Physical  exami- 
nation at  this  junction  will  reveal  a  rapid  increase  of  the  normal  area 
of  cardiac  dulness  which,  assuming  the  characteristic  triangular  form 
of  a  distended  hemopericardium,  will  soon  displace  the  diaphragm 
downward  and  stretch  laterally  far  toward  the  nipple-lines  and  high  up 
to  the  level  of  the  second  cartilage.  At  the  same  time  the  apex-beat  will 
be  felt  less  distinctly  and  the  heart-sounds  will  become  distant,  muffled, 
confused,  and  finally  inaudible.  In  the  mean  time  the  persistent  and 
increasing  venous  obstruction  by  compression  of  the  auricles  of  the 
heart  will  show  itself  symptomatically  by  the  lividity  of  the  face,  cyano- 
sis, bulging,  engorged  and  even  pulsating  jugulars  and  other  superficial 
veins.  There  will  be  dyspnea,  rapid,  shallow,  labored  respiration,  and 
edema  of  the  lungs,  showing  the  blockade  in  the  pulmonary  veins;  and 
a  progressive  steady  drop  in  the  arterial  tension  shown  by  a  rapid,  small, 
thready,  compressible  pulse,  which  will  stop  altogether  if  the  surgeon 
is  not  promptly  on  the  scene  to  decompress  the  heart  by  freely  opening 
or  tapping  the  pericardium. 

While  the  paramount  importance  and  clinical  significance  of  heart 
compression  and  acute  hemopericardium  are  to  be  borne  in  mind  as 
indications  for  immediate  interference,  it  is  also  important  not  to  over- 
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look  the  fact  that  an  acute  hemorrhage  into  the  pericardium  does  not 
necessarily  mean  that  the  bleeding  is  from  the  heart  itself.  An  injury 
to  the  internal  mammary  vessels  opening  into  the  pericardium;  bleeding 
from  an  injured  pericardial  vessel;  a  bleeding  coronary  or  a  puncture 
of  the  aorta,  pulmonary  artery,  or  any  of  the  great  vessels  at  the 
root  of  the  heart,  within  the  pericardial  sac,  may  all  fill  up  the  peri- 
cardium, and,  after  distending  it,  cause  the  symptoms  of  heart  tam- 
ponade. The  importance  in  value  of  the  Morgagni-Rose  syndrome  in 
the  diagnosis  is,  therefore,  simply  as  an  indication  for  immediate  surgical 
action,  which  will  permit  of  a  more  positive  diagnosis  of  the  exact 
lesion  after  the  exploration. 

When  the  pleura  and  the  lung  are  both  involved  in  the  heart  injury, 
the  blood  will  escape  from  the  pericardium  into  the  pleura,  and  there 
will  be  no  heart  compression;  then,  if  air  gains  admission  into  the  peri- 
cardium, as  well  as  into  the  pleura,  tympanitic  resonance  will  take  the 
place  of  the  triangular  area  of  dulness,  which  is  so  diagnostic  of  peri- 
cardial hemorrhage.  In  this  way  the  entire  picture  of  heart  injury 
will  be  obscured  and  blurred  by  the  pleuro-pulmonary  signs,  and  the 
attention  of  even  the  most  careful  observer  may  be  erroneously  trans- 
ferred from  the  heart  to  the  lungs  and  pleura.  Even  under  these  circum- 
stances a  careful  examination  of  the  heart-sounds  will  suggest  that 
serious  cardiac  lesions  have  been  inflicted.  The  normal  heart-sounds 
will  be  accompanied  by  strange  "bruits/'  such  as  the  "water-wheel" 
or  "mill-wheel"  bruits,  "splashing,"  "whistling,"  "gurgling,"  and 
aneurismal  sounds  will  also  be  heard,  suggesting  the  abnormal  formation 
of  eddies  in  the  heart  and  the  churning  of  air  and  fluid  in  the  pericardium. 
Again,  as  Nietert  has  observed  in  cases  in  which  hemothorax  is  pro- 
gressing, the  intermittent  spurt  of  blood  from  the  heart  into  the  pleural 
cavity  may  be  accompanied  by  a  splashing  sound  eminently  suggestive 
of  the  flow  of  fluid  into  a  hollow  cavity.  This  bruit  can  be  present  only 
when  pneumothorax  is  associated  with  the  pleural  perforation.  Again, 
the  occurrence  of  severe  vomiting  with  abnormal  muscular  tension  and 
reflex  rigidity  of  the  epigastrium  has  repeatedly  led  to  a  mistaken 
diagnosis  of  abdominal  injury  (Rassieur,  Guibal,  Marion).  This 
reflex  rigidity  is  as  characteristic  of  acute  lesions  of  the  supraphrenic 
as  it  is  of  the  subphrenic  areas. 

While  it  is  always  desirable  and  important  to  make  as  accurate  a 
diagnosis  of  the  seat  of  the  heart  injury  as  possible,  the  surgeon 
can  afford  to  act  without  the  absolute  certainty  of  heart  injury 
in  the  presence  of  urgent  symptoms  calling  for  an  exploring 
pericardiotomy.  We  believe  that,  in  the  thorax,  as  in  the  abdo- 
men, when  there  is  doubt,  exploratory  operations  are  perfectly  justifi- 
able (especially  with  the  improved  technic  of  exploratory  pericardi- 
otomy) in  the  presence  of  such  symptoms.  If  there  is  a  wound  of  the 
precordia  or  parasternal  region,  bleeding  so  profuse  that  fatal  syncope 
from  acute  vascular  depletion  will  follow  if  it  is  not  stopped,  the  surgeon 
should  proceed  to  the  immediate  exploration  of  the  wound  after  thorough 
aseptic  precautions  have  been  taken.    The  wound  should  be  enlarged 
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freely  in  the  interspace  that  is  involved  and  the  hemorrhage  followed 
to  its  source,  wherever  this  may  be.  By  the  simple  intercostal  inci- 
sion of  Spangaro  a  large  opening  may  be  rapidly  made  which  will 
permit  the  pericardium,  pleura,  lung,  and  heart  not  only  to  be  exposed, 
but  also  to  be  treated.  On  the  other  hand,  if  there  is  no  parasternal 
wound,  as  often  happens  in  gunshot  cases,  and  there  is  decided  evidence 
of  hemo-pneumo-pericardium  or  of  progressive  hemothorax  with  heart 
signs,  or  if  the  still  more  important  signs  of  heart  compression  are  evident, 
there  should  be  no  delay  in  opening  the  chest  and  reaching  the  heart 
as  quickly  as  possible. 

To  sum  up:  visible  external  hemorrhage,  hidden  or  concealed 
hemorrhage,  and,  above  all,  signs  of  heart  compression,  call  for  imme- 
diate exploratory  thoracotomy  by  the  methods  described  in  the  section 
on  Treatment.  Nietert,  who  operated  upon  4  cases  of  penetrating 
wounds  of  the  pericardium  in  which  there  was  bleeding  into  the  sac, 
with  a  coincident  wound  of  the  pleura,  noticed  that,  in  all  his  cases, 
the  characteristic  splashing  sound  was  present.  He  believes  that,  when 
the  pericardium  is  closed,  this  sound  cannot  be  produced;  that  it  is, 
therefore,  of  differential  diagnostic  value  in  cases  of  cardio-pericardial 
injury  associated  with  pleural  perforation. 

A  point  of  some  interest  is  mentioned  by  Borzymowski,  and  Tscher- 
niachowski,  who  both  noticed  that  in  the  two  patients  operated  upon 
for  heart  injury  by  them  the  radial  pulse  was  absent  on  the  left  side. 
This  peculiarity,  which  was  not  easily  explained,  if  not  a  coincidence, 
may  prove  to  be  a  valuable  diagnostic  sign. 

The  x-rays  are  of  relatively  little  practical  value  in  the  more  urgent 
class  of  cases;  patients  with  bleeding  heart  wounds  are  in  no  condition 
to  undergo  radiographic  examination.  Only  when  foreign  bodies 
(needles,  bullets,  etc.)  are  present  or  suspected  will  it  be  advantageous 
to  subject  the  patients  to  x-ray,  fluoroscopic,  or  radiographic  examina- 
tions. When  it  has  been  decided  that  the  extraction  of  a  foreign  body 
is  necessary,  then  the  x-rays  are  indispensable  in  definitely  localizing  the 
foreign  body.  Then  it  is  that  special  advantages  may  be  obtained  by  the 
use  of  the  compass  of  Contremoulins,  which  was  so  helpful  to  Tuffier  in 
his  comparatively  recent  case  of  extraction  of  a  bullet  which  had  become 
encysted  on  the  surface  of  the  right  auricle.  This  group  of  cases  (foreign 
bodies)  usually  presents  no  urgent  symptoms  and  the  patients  can  be  ex- 
amined deliberately  and  leisurely. 

Here  we  have  considered  the  more  urgent  indications  which  apply 
to  all  classes  of  heart  injury  regardless  of  causation.  The  extraction 
of  foreign  bodies  can  be  considered  with  more  deliberation,  as  will  be 
seen  in  the  sections  devoted  to  these  subjects. 

Clinical  Career,  Complications,  and  Terminations  of  Heart 
Wounds. — The  clinical  career  and  termination  of  cardiac  injuries,  when 
allowed  to  pursue  their  natural  course  without  operative  intervention,  is 
extremely  variable.  The  cases  may  be  divided,  as  Borchardt  suggests, 
into  three  groups:  The  first  group  is  represented  by  the  gross  trauma- 
tisms caused  by  crushing  and  grinding  injuries,  run-over  accidents. 
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falls  from  great  heights,  explosive  effects  of  bullets,  etc.,  in  which  the 
heart  is  torn  and  destroyed  en  masse.  It  includes  also  all  cases  in 
which  death  is  instantaneous  from  shock  or  other  direct  nerve  influence. 
Of  these  victims,  Riedinger  says:  "They  do  not  die,  they  are  dead" 
before  any  assistance  can  be  rendered.  The  second  group  includes  those 
patients  who  survive  their  injuries  a  few  hours  or  a  few  days.  These 
are  the  cases  in  which  hemorrhage — concealed  hemorrhage  into  the  peri- 
cardium and  into  the  pleura — plays  the  leading  part,  and  which 
furnish  the  largest  contingent  of  operative  cases.  These  are  the 
cases  of  penetrating  or  perforating  wounds — punctured,  stab,  and 
gunshot — in  which  heart  compression  or  progressive  anemia  demand 
the  greatest  attention  in  order  to  perform  opportunely  a  prompt  inter- 
vention, which  is  necessary  to  prevent  inevitable  death.  The  great 
majority  of  cardiac  injuries  belong  to  the  second  group.  The  third 
group  is  formed  by  the  small  number  of  patients  who  apparently  survive 
their  injuries,  who,  after  going  through  a  critical  period  of  great  doubt 
and  uncertainty,  in  which  the  issue  remains  doubtful  for  days  and 
weeks,  finally  recover.  However,  even  in  these  apparent  recoveries, 
death  may  come  on  suddenly  and  when  least  expected,  owing  to  secon- 
dary hemorrhage  into  the  pericardium  caused  by  the  displacement  of 
imperfectly  organized  clot  or  the  yielding  of  the  cicatrix  in  the  wound. 

In  addition  to  the  danger  of  secondary  hemorrhage  into  the  peri- 
cardium from  imperfect  cicatrization,  other  grave  dangers  threaten 
the  patients.  Death  may  occur  from  the  migration  of  emboli  into 
the  pulmonary  artery  when  the  right  auricle  or  ventricle  is  involved ; 
to  the  brain,  causing  hemiplegia,  and  to  other  organs,  when  the  left 
auricle  or  ventricle  is  injured.  The  secondary  complications  from  dis- 
turbed action,  injury  to  valves,  cardiac  aneurisms,  persistent  arterio- 
venous fistulse,  by  perforation  of  the  septal  walls  and  pericardial  adhe- 
sions, remain  more  or  less  as  permanent  disabilities.  The  presence  of 
foreign  bodies  or  the  migration  of  bullets  are  merely  mentioned 
here  as  contributors  to  the  general  impairment  of  heart  function  which 
follows  these  injuries.  Finally,  the  most  formidable  complication  wrhich 
the  patient  has  to  face,  after  surviving  the  immediate  effects  of  the  pri- 
mary injury,  is  infection,  introduced  into  the  tissues  with  the  vulnerat- 
ing  body.  As  a  consequence,  pericarditis  of  various  degrees  of  virulence 
may  follow  with  extensive  adhesions;  myocarditis,  coronary  infarcts 
with  secondary  degeneration  of  the  heart  muscle,  endocarditis,  em- 
pyema and  chronic  pneumothorax,  are  among  the  complications  which 
tend  to  make  the  post-traumatic  history  of  these  patients  most  un- 
certain and  precarious. 

Treatment  of  Heart  Wounds.— The  rational  treatment  of  heart 
wounds  is  entirely  a  modern  achievement.  "Up  to  the  eighteenth 
century  very  little,  indeed,  was  done  for  the  unfortunate  patient.  The 
external  wound  was  closed,  and  the  patient  was  packed  in  ice.  The 
chest  was  surrounded  with  a  rampart  of  ice-bags,  the  room  was  cooled 
off  below  zero,  if  possible,  and  whenever  this  was  not  feasible  in  summer, 
the  patient  was  transferred  to  the  cellar/ '     This  procedure,   which 
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somewhat  suggests  the  modern  preservation  of  cadavers,  was  not  only 
seriously  proposed,  but  actually  carried  out  (Borchardt). 

When  Rose  demonstrated  the  correctness  of  Morgagni's  explanation 
of  the  cause  of  death  and  impressed  the  surgical  world  with  his  vivid 
interpretation  of  the  symptoms  of  heart  compression,  venesection  was 
added  to  the  routine  methods  of  palliation,  viz.,  cold  to  the  pericardium, 
absolute  mental  and  bodily  rest,  moderate  stimulation  with  alcoholics, 
and  the  use  of  opium  or  morphin  "hypodermically,  which  is  still  one  of  the 
best  auxiliaries  of  the  surgeon  in  relieving  pain  and  shock.  Sub- 
sequently, the  far  more  rational  plan  of  relieving  the  heart  compres- 
sion by  direct  tapping  of  the  pericardium  was  adopted,  and  in  this 
way  many  cases  of  hemopericardium  caused  by  small  wounds  or  per- 
forations were  successfully  tided  over,  while  permanent  hemostasis 
was  obtained  by  the  organization  of  the  provisional  thrombus  in  the 
wound.  At  present  there  is  still  an  opportunity  for  the  palliative  or 
expectant  treatment  in  some  cases — in  which  there  is  a  combination  of 
mild  symptoms  with  a  doubt  and  uncertainty  in  the  diagnosis,  the  symp- 
toms not  being  urgent  enough  even  to  justify  an  exploratory  pericardi- 
otomy. On  the  other  hand,  there  can  be  no  hesitation  or  doubt  as  to 
the  surgeon's  attitude,  however,  when  the  symptoms  are  grave,  pro- 
gressively more  imperative,  and  menacing.  Then  the  call  to  operate  is 
mandatory  and  must  be  heeded  if  life  is  to  be  saved. 

The  Operative  Treatment  of  Cardiac  Wounds. — This  may  be 
considered  under  the  following  headings: 

(a)  Thoracotomy,  by  which  an  opening  is  made  into  the  thorax. 

(b)  Treatment  of  coincident  injuries  of  the  pleura  and  the  lung. 

(c)  Opening  of  the  pericardium. 

(d)  Cardiorrhaphy,  or  suture  of  the  heart  wound. 

(e)  Drainage  of  the  pleura  and  of  the  pericardium. 
(/)  The  post-operative  treatment. 

Thoracotomy. — One  of  the  most  striking  evidences  of  the  pro- 
found interest  aroused  in  the  last  decade  in  the  surgery  of  the  heart, 
and  also  of  the  almost  incredible  developments  of  this  new  department 
of  surgery,  is  offered  by  the  bewildering  multitude  of  procedures  and 
their  modifications  that  have  been  suggested  to  obtain  access  to  the 
pericardial  cavity  and  the  heart.  This  multiplicity  of  methods  is  char- 
acteristic of  the  formative  period  of  any  department  of  technical 
knowledge  in  which  the  crucial  test  of  experience  is  only  of  recent 
acquisition,  and  as  to  which  definite  judgment  has  not  yet  crystallized. 
What  are  wanted  are  a  few  fundamental  principles  and  a  limited  num- 
ber of  practical  suggestions  and  methods  which  illustrate  the  resources 
of  the  modern  technic. 

The  vast  majority  of  the  procedures  which  open  the  thorax  with  a 
view  to  exposing  the  pericardium  and  the  heart  have  been  grouped 
in  the  precordial  region,  between  the  left  edge  of  the  sternum  and  the 
left  nipple-line,  extending  above  to  the  second  and  below  to  the 
seventh  rib.  These  are  designated  as  the  left  parasternal  methods,  which 
may  again  be  subdivided  as  follows: 
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(I)  (1)  Simple  intercostal  incisions  which  do  not  involve  the 
skeleton  of  the  thorax  and  include  only  the  soft  parts. 
Usually  these  are  associated  with  secondary  divisions 
of  the  costal  cartilages  at  the  chondrosternal  junction. 

(2)  Thoracotomy  with  excision  of  the  costal  cartilages  and 

ribs. 

(3)  Osteoplastic   resections   or  solid   trap-door   flaps,   which 

contain  sections  of  cartilages  and  ribs.     These  again 
may  be  subdivided  into  those  in  which  the  flaps  fold  on 
a  horizontal  line  upward,  with  trap-doors  which  open 
downward;  with  double  trap-doors  which  open  up  and 
down;  with  vertical  hinges  which  fold  over  toward  the 
sternum,  or  outward  toward  the  mammary  line. 
(II)     The  second  group  involves  the  sternum  exclusively  (thoracot- 
omy by  the  sternal  route;  temporary  osteoplastic  resection, 
Fontan;  partial  sternectomy,  Morestin;  Cantas). 

(III)  A  still  smaller  group — the  right  parasternal  region,  to  the 

right  of  the  sternum. 

(IV)  Lastly,  the  transdiaphragmatic   or   abdomino-diaphragmatic 

route,  via  the  peritoneum,  mentioned  chiefly  to  meet  the 
historic  requirements  of  classification. 

In  addition,  the  procedures  may  also  be  considered  from  the  point 
of  view  of  involvement  of  the  pleura,  by  dividing  them  into  two  groups, 
the  transpleural  and  the  extrapleural  methods.  All  the  osteoplastic 
methods,  trap-doors,  etc.,  are  necessarily  of  the  transpleural  type; 
the  extrapleural  methods  are  few,  and  are  best  represented  by  the 
Kocher,  Sandulli,  and  Lorenz  operations.  (For  full  details,  consult  the 
monographic  works  and  articles  of  Terrier-Reymond,  Salomoni,  Guibal, 
Borchardt,  Wendel,  and  Rehn,  referred  to  in  the  Bibliography.) 

The  rapidly  increasing  experience  in  this  field  of  surgery  accounts 
for  the  growing  tendency  displayed  by  the  most  thoughtful  writers 
toward  greater  economy  in  the  operative  work,  a  greater  simplicity  in 
the  technic,  and  a  marked  indisposition  to  adopt  the  "typical"  trans- 
pleural or  osteoplastic  resections,  especially  in  the  absence  of  a  posi- 
tive diagnosis.  The  demand  is  for  a  simple  preliminary  exploratory 
operation  that  will  permit  an  investigation  of  the  pericardium  and  of 
the  heart,  without  the  addition  of  a  pleural  perforation.  This  simple 
preliminary  exploration  is  necessary  in  order  to  determine  positively: 
(1)  the  existence  or  non-existence  of  a  heart  wound;  (2)  the  part  of 
the  heart  that  is  injured;  and  (3)  the  associated  complications  or 
injuries.  In  this  way  the  principles  now  governing  intraperitoneal 
explorations  in  uncertain  and  doubtful  abdominal  cases  will  be  similarly 
applied  to  the  pericardial  serosa  and  its  contained  organs. 

Methods  of  Election. — All  operable  cases  of  heart  injury  resolve 
themselves  into  two  great  groups: 

Group  I. — Suspected  or  doubtful  cases ,  calling  for  exploratory  pericardi- 
otomy. In  these  the  heart  lesion  is  only  suspected  or  diagnosticated  with- 
out the  suggestive  aid  of  an  external  wound  in  the  anterior  thoracic 
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region  or  in  the  immediate  precordia.  This  occurs  more  often  in  gunshot 
wounds  in  which  the  bullet  has  penetrated  the  thorax  at  a  distance  from 
the  heart  (lateral,  posterior,  and  upper  thoracic  regions,  abdomen) ;  in 
indirect  injuries,  when  sharp  bodies  penetrate  through  the  esophagus, 
and  in  ruptures  from  indirect  violence,  falls,  etc.  In  this  group  of  cases 
the  surgeon  must  proceed,  in  the  presence  of  the  physical  and  rational 
signs  of  heart  injury,  especially  heart  compression,  by  the  most  direct 
route  consistent  with  two  conditions:  (1)  That  no  complications 
shall  follow  (pneumothorax)  if  the  exploration  proves  negative;  (2)  that 
it  shall  permit  a  free  exposure  of  the  heart  and  pericardium  by  merely 
extending  the  lines  of  the  preliminary  exploratory  incision. 

These  requirements  are  met 
quite  satisfactorily  by  any  of  the 
incisions  recommended  for  peri- 
cardiotomy which  radiate  from  the 
left  lower  chondrosternal  angle, 
immediately  over  Voinitch's  safe 
triangle  or  interpleural  space; 
namely,  the  left  edge  of  the  sternum, 
including  the  attachments  of  the  fifth, 
sixth,  and  seventh  left  costal  carti- 
lages. Several  "typical"  proced- 
ures have  been  described  which 
meet  all  the  requirements  of  an  ex- 
ploratory pericardiotomy,  differing 
very  little  from  each  other  ex- 
cept in  the  costal  cartilage  that  is 
selected  for  excision  as  the  initial 
point  of  entrance  into  the  thorax. 
No  serious  accident  can  befall  a  cau- 
tious operator  who  selects  either  the 
fifth,  sixth,  or  seventh  costal  carti- 
lage as  his  initial  point  of  attack, 
provided  he  adheres  closely  to  the 
perichondrium  and  makes  his  way 
into  the  mediastinum  by  a  process  of  enucleation  or  shelling  of  the 
cartilage  or  bone  without  injuring  the  soft  parts  until  the  firm,  fibrous 
pericardium  is  felt  and  exposed.  After  the  removal  of  the  cartilage 
it  is  easy  to  make  more  space  by  gnawing  a  fenestrum  out  of  the  left 
edge  of  the  sternum  with  a  rongeur.  Therefore,  either  of  the  routes 
shown  in  the  accompanying  diagram  (Fig.  20)  will  be  considered 
safe  for  an  exploratory  pericardiotomy.  Slight  preference  is  given 
to  Kocher's  (sixth  cartilage)  or  Oljier's  procedure  (fifth  cartilage), 
because  they  are  not  only  safe  as  far  as  the  pleura  is  concerned,  but 
they  are  further  from  the  diaphragm  than  the  seventh  cartilage. 
It  will  be  noticed  that  while  I  give  the  preference  to  the  lower  sternal 
or  parasternal  route  for  draining  purulent  pericardial  accumulations 
(as  these  drain  the  pericardium  in  its  most  dependent  portion),   I 


Fig.  20. — Lines  of  Incision  for  Explora- 
tory Pericardiotomy  which   Radiate 
from  the   Left  Sternochondral   An- 
gle, Including  the  Fifth,  Sixth,  and 
Seventh  Costal  Cartilages. 
I,  Incision  for  resection  of  fifth  costal  car- 
tilage and  edge  of  sternum,  proposed  by  Oi- 
lier (1891),  C.  B.  Porter  and  Durand  (1896), 
etc.;  II,  resection  of  sixth   cartilage  and  ad- 
joining sternum,  proposed  by  Kocher  (1003), 
Voinitch,  etc.;  Ill,  resection  of  seventh  costal 
cartilage,   proposed  by  Mintz  (1904),   Rehn 
(1907),  etc. 
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prefer  the  costal  resections  at  the  left  lower  chondrosternal  angle  for 
exploratory  purposes  in  suspected  heart  injuries  and  in  relieving 
traumatic  hemopericardium.  This  route  is  preferred  because  it  per- 
mits of  easy  extension  in  an  upward  or  lateral  direction  (in  accord- 
ance with  the  suggestion  of  Durante  or  Spangaro)  should  a  wound 
of  the  heart  be  confirmed  and  a  cardiorrhaphy  be  required. 

Kocher's  Method. — "An  angular  incision  is  made,  the  one  limb 
passing  down  the  middle  line  of  the  sternum,  the  other  running  out- 
ward along  the  sixth  left  costal  cartilage.  The  periosteum  of  the 
sternum  and  the  perichondrium  of  the  sixth  left  costal  cartilage  are 
stripped  back  along  with  the  pectoralis  major  until  the  elevator  can 
be  passed  behind  the  costal  cartilage,  which  is  then  divided  with 
forceps  close  to  the  sternum,  and,  if  necessary,  including  a  bite  of 
this  bone.  In  the  lower  and  outer  part  of  the  incision  the  attach- 
ments of  the  pectoralis  major  and  the  rectus  abdominis  are  separated 
along  the  upj>er  border  of  the  sixth  rib.  The  cartilage  is  stripped  of 
all  the  overlying  soft  parts.  The 
triangularis  sterni  is  then  ex- 
posed, with  the  internal  mam- 
mary vessels  lying  on  it.  The 
tendinous  attachments  of  this 
muscle  to  the  sternum  and  the 
sixth  costal  cartilage  are  carefully 
divided,  and  the  internal  mam- 
mary artery  and  vein  are  ligated 
if  the  branches  going  toward  the 
middle  line  are  well  developed. 
By  passing  the  finger  into  the 
cavity  left  by  the  removal  of  the 
sixth  rib  the  tough,  glistening 
pericardium  can  be  reached.  If 
necessary,  the  pericardium  can 
now  be  punctured  or  incised. 
The  edge  of  the  pleura,  distin- 
guished by  the  pad  of  fat  cover- 
ing it,  is  pushed  aside  by  the 
finger  and  raised  from  the  peri- 
cardium. The  intercostal  muscle, 
along  with  the  internal  mammary  vessels,  is  pushed  aside  with  the  pleura, 
as,  according  to  Delorme  and  Mignon,  it  is  firmly  adherent  to  it.  If  a 
gush  of  blood  flows  from  a  wound  in  the  pericardium,  thus  confirming  the 
diagnosis  of  cardiac  injury,  the  finger  may  be  introduced  so  as  to  explore 
the  heart  itself  and  ascertain,  if  possible,  the  position  of  the  wound. 
The  persistent  flow  of  blood  from  the  pericardium  will  justify  an  imme- 
diate enlargement  of  the  thoracic  fenestrum  by  dividing  the  fifth  and  even 
the  fourth  or  third  cartilages,  which  are  carefully  raised  at  their  sternal 
attachments.  At  the  same  time  the  pleura  is  stripped  back  from 
their  under  surfaces;  unless  this  is  done  carefully,  the  pleura  is  liable 


Fig.  21. — Shows  the  Appearance  of  the 
Wound  after  Adopting  the  Durante  i — 
shaped  Extension  in  a  Came  ok  Hiqii- 
placed  Penetrating  Wound.  (From 
Uehn.) 

The  pericardium  and  the  heart  are  freely  ex- 
posed by  an  intercostal  incision  and  by  forcibly 
retracting  the  cartilages  of  the  ribs  at  the  divided 
sternochondral  angles. 
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to  be  torn.  In  this  way  the  three  costal  cartilages  and  the  muscle 
attached  to  them  are  thrown  upward,  and,  by  wrenching  the  cartilages 
from  their  attachments  to  the  ribs,  they  can  be  folded  backward  as 
one  chondroplastic  flap.  By  dividing  the  pericardium  along  the  edge 
of  the  sternum  and  outward  along  the  line  of  the  fifth  intercostal  space 
the  heart  can  be  inspected  and  palpated  from  the  auricles  down  to  the 
apex"  (Kocher,  1903).  If  more  room  is  required,  it  is  easy  to  enlarge 
the  space  by  supplementing  the  vertical  by  a  transverse  intercostal 
incision,  which  can  be  carried  out  toward  the  mammary  line  as  far  as 
may  be  necessary.  In  this  way  a  double  triangular  flap  is  obtained, 
with  the  apices  meeting  at  the  point  of  intersection  (Durante's  pro- 
cedure, Fig.  21).  This  space  is  again  increased  by  vigorously  retract- 
ing the  flaps  and  ribs  upward  to- 
ward the  clavicle,  and  the  lower 
flap  downward  toward  the  ab- 
domen. 

Rehn  (1907)  modifies  Kocher's  in- 
cision as  follows  (Fig.  22):  A  curved 
incision  is  made  to  follow  the  lower 
margin  of  the  seventh  left  rib,  about 
6  cm.  in  length,  toward  the  base  of 
the  ensiform  process,  passing  obliquely 
around  it.  The  edge  of  the  sternum 
and  the  adjoining  seventh  costal  carti- 
lage are  removed  with  rongeur  forceps, 
the  sixth  costal  cartilage  being  resected 
also  if  necessary.  By  working  upward 
with  the  finger  under  the  sternum,  in- 
jury to  the  peritoneum  is  also  avoided. 
It  is  extremely  easy  then  to  open  the 
pericardium  and  to  inspect  its  con- 
tents. The  edges  of  the  pericardial 
wound  are  caught  in  the  bite  of  forceps 
and  brought  readily  to  the  surface, 
where  they  may  be  sutured  to  the 
pectoral  aponeurosis  or  even  the  skin 
if  permanent  drainage  is  decided  upon.  If  the  pericardiotomy  reveals  a  wound  of 
the  heart  which  is  not  accessible  by  this  exploratory  incision,  the  incision  can  be 
prolonged  upward  along  the  edge  of  the  sternum  and  outward  along  the  sixth 
interspace  toward  the  mammary  line  forming  a  triangular  flap,  which  can  be  readily 
elevated  by  retraction  in  the  manner  described  in  the  paragraph  on  Kocher's  incision 
or  Spangaro's  method. 

Ollier'8  operation  (1891)  reaches  the  pericardium  by  resecting  the  fifth  costal 
cartilage.  It  was  independently  advocated  and  adopted  in  this  country  by  C.  B. 
Porter,  whose  admirable  contributions  have  made  this  route  more  familiar  and  ac- 
ceptable to  American  surgeons  than  any  other.  "An  incision  is  made  from  the  middle 
of  the  sternum  outward  over  the  fifth  costal  cartilage  to  its  junction  with  the  rib. 
The  soft  parts  are  cleaned  from  the  cartilage  with  periosteum  elevator,  care  being 
taken  not  to  wound  the  pleura  on  the  under  surface.  The  cartilage  is  removed  with 
bone  forceps.     The  mammary  artery  and  vein  are  thus  exposed,  ligated  in  two  places, 


Fio.  22. — Rehn's  Modification  of  Kocher's 
Exploratory  Pericardiotomy.  (From 
Rehn.) 

The  sixth  and  seventh  ribs  and  cartilages  are 
retracted.  The  pericardium  i»  brought  out  to  the 
level  of  the  skin;  a  small  opening  is  made  and  the 
edges  of  the  incision  are  held  apart  by  the  three 
clamps  as  shown  in  the  figure.  This  operation 
to  be  preferred  in  all  cases  in  which  the  coinci- 
dent perforation  of  the  pleura  is  doubtful. 
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and  divided.     A  little  careful  dissection  with  the  director,  in  case  fat  is  encountered, 
exposes  the  pericardium,  which  is  normally  much  thicker  than  the  pleura." 

In  adopting  any  of  the  procedures  above  described  for  exploratory 
purposes,  the  operator  can  readily  attain  his  object  by  applying  the 
muscle-splitting  principle  of  McBurney.  A  vertical  incision,  which 
will  permit  the  division  of  the  left  rectus  muscle  in  the  line  of  cleavage 
of  its  fibers,  is  then  made.  This  will  permit  the  resection  of  the 
cartilages  and  of  the  sternum,  allow  drainage  to  be  established,  etc., 
without  weakening  the  abdominal  wall,  as  is  the  case  when  the  initial 
incision  is  made  transversely  and  parallel  with  the  costal  arch. 

Group  II. — In  this  group  of  cases  a  bleeding  wound  in  the  pre- 
cordial or  parasternal  region  (60  per  cent,  of  the  cases)  already  ex- 
ists. This  furnishes  a  direct  guide  to  the  heart,  confirms  the  diagnosis 
of  injury  of  this  organ,  especially  when  the  outpour  of  foaming  blood, 
a  crepitating  subcutaneous  emphysema,  as  well  as  the  physical  and 
rationa  signs,  suggest  plainly  that  the  pleura  has  been  perforated  in 
addition  to  the  cardiac  injury  (80  per  cent,  of  the  cases).  For  these 
cases  the  intercostal  incision,  recommended  and  systematized  by 
Spangaro,  of  Padua  (1906),  is  best  suited  to  meet  the  require- 
ments. Spangaro  originally  devised  and  planned  this  simple 
method  independently  of  Durante's  original  suggestion,  as  also  of 
Mikulicz  and  Sauerbruch  (1905),  who  applied  it  to  reach  the  esophagus 
in  the  posterolateral  region  of  the  thorax.  It  has  received  the  emphatic 
approval  of  Salomoni  at  the  Congress  of  Italian  surgeons  of  1906,  and 
of  Rehn  at  the  German  Surgical  Society,  April,  1907,  and  has  proved 
most  satisfactory  in  actual  practice  in  the  hands  of  Wilms,  who 
applied  it  independently,  without  previous  knowledge  of  Spangaro's 
publication.  This  method  is  so  simple  that  it  is  surprising  it 
should  not  have  been  thought  of  long  ago.  It  entirely  supple- 
ments all  previous  methods,  and  is  to  be  recognized  as  the  method 
of  election  in  all  cases  in  which  there  is  an  external  wound  in  the 
precordia  to  guide  the  surgeon  to  the  pericardium.  With  other  pre- 
cautions, as  Rehn  suggests,  it  may  be  utilized  also  as  a  typical  proced- 
ure when  the  original  wound  is  situated  at  a  distance  from  the  precordia, 
by  beginning  the  operation  with  an  incision  in  the  fifth  left  intercostal 
space.  Ordinarily,  when  the  external  wound  lies  near  the  sternum, 
the  wound  is  merely  enlarged  and  followed  downward  to  the  pleura  in 
the  middle  of  the  intercostal  space,  to  avoid  the  intercostal  vessels. 
If  perforation  of  the  pleura  is  confirmed  by  the  presence  of  air  or  blood 
in  the  cavity,  the  incision  is  carried  at  once  into  the  pleural  cavity,  and  is 
continued  horizontally  along  the  intercostal  space  to  a  point  2  cm.  from 
the  left  margin  of  the  sternum,  where  the  internal  mammary  vessels  are 
exposed.  These  are  divided  between  two  ligatures,  and  the  incision 
is  carried  through  the  whole  thickness  of  the  interspace  to  the  left  edge 
of  the  sternum.  The  incision,  always  in  the  interspace,  may  be  pro- 
longed outward  as  far  as  desired,  being  rarely  required  beyond  the 
anterior  axillary  border.     By  forcibly  retracting  the  ribs  with  the 
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fingers  in  the  incision,  the  interspace  can  be  enlarged  sufficiently  to 
obtain  a  good  view  of  the  pericardium,  heart,  pleura,  and  lung;  by 
merely  dividing  the  cartilage  at  the  chondro-sternal  joint,  immediately 


Fio.  23. — Spangaro's  Intercostal  Incision — Pericardium  Exposed. 

above  or  below  the  intercostal  incision,  the  retraction  of  the  ribs  will  be 
immensely  facilitated  and  a  large  view  of  the  heart  and  pericardium  will 
be  obtained,  sufficient  usually  for  all  manipulations  on  the  apex  or 


Fig.  24. — Spangaro's  Intercostal  Incision — Pericardium  Opened. 

ventricles  of  the  heart.  If  more  space  is  required  to  reach  the  auricles 
or  posterior  surface  of  the  heart  at  the  base,  the  simple  division  of  the 
cartilages  at  the  sterno-chondral  junction  up  to  the  second  cartilage 
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above  or  to  the  sixth  below  will  amply  suffice  to  meet  all  requirements; 
if  for  some  extraordinary  and  very  exceptional  reasons  still  more  space 
should  be  required  toward  the  right,  the  intercostal  incision  can  be  pro- 
longed horizontally  over  the  sternum  and  this  bone  divided  either  with  the 
Gigli  saw  or  bit  away  by  the  rongeur,  after  carefully  stripping  back  the 
periosteum  and  the  margin  of  the  right  pleura.  This  will  permit,  by  its 
retraction  and  elevation,  and  by  resection,  if  need  be,  a  still  larger  in- 
crease of  space.  However,  this  necessity  will  scarcely  ever  arise.  It  is 
readily  understood  that  the  motility  and  elasticity  of  the  ribs  will  permit 
of  an  enormous  retraction  and  widening  of  the  intercostal  spaces  after  the 
chondro-sternal  joints  have  been  divided  at  the  sternal  end  of  the  inci- 
sion. (See  Fig.  25.)  Furthermore,  it  is  easy,  in  any  event,  to  luxate  the 
costal  cartilages  outward  toward  the 
mammary  line  should  a  wider  out- 
ward space  be  required.  Wilms, 
in  reporting  his  case  in  which  two 
wounds  of  the  heart  were  sutured, — 
one  about  the  middle  of  the  left  ven- 
tricle anteriorly  and  the  other  at  the 
same  level  posteriorly, — states  that 
suture  of  the  posterior  wound  could 
never  have  been  accomplished  by 
a  typical  osteoplastic  method  unless 
the  sternum  had  been  divided  on  the 
same  level  and  a  section  of  it  turned 
out  as  a  trap-door.  As  it  was, 
Wilms  succeeded  perfectly  in  ex- 
peditiously accomplishing  his  pur- 
pose by  making  a  long  intercostal 
incision  in  the  fifth  intercostal 
space.  In  addition  to  the  heart 
wounds,  a  wound  in  the  lung  was  also 
sutured  through  the  same  incision. 
The  patient  made  an  uninterrupted 
recovery.  Through  the  fenestrunr  created  by  Spangaro's  intercostal 
incision  the  hand  of  the  operator  can  enter  freely  into  the  chest  and 
explore  its  contents.  Furthermore,  the  diaphragm,  lungs,  and  deeper 
recesses  of  the  cavity  can  be  explored  visually  by  direct  or  electric 
illumination. 

To  sum  up  this  discussion  on  the  route  of  access  to  the  heart  and 
pericardium  by  thoracotomy,  we  arrive  at  the  following  conclusions: 

(I)  In  all  cases  of  doubtful  diagnosis,  in  which  there  is  no  certainty 
that  the  pleura  has  been  opened,  in  which  there  is  no  pneumothorax, 
and  in  which  there  is  no  wound  in  the  parasternal  or  precordial  regions 
which  could  be  enlarged  for  exploratory  purposes,  adopt  the  Kocher 
operation  or  one  of  the  same  type,  as  previously  described. 

(II)  When  the  existence  of  pneumothorax  is  made  certain  by  the 
physical  signs  or  by  the  appearance  of  an  external  wound  in  the  precor- 

vol.  v — 5 


Fig.    25. — Diagram    to    Show    How    the 
Spanoaro    Intercostal   Incision   can 
be  Amplified  bt  Making  a  Chondro- 
sternal  Disarticulation. 
This    converts    the    simple    intercostal 
incision   into   a   horizontal    T ,   as   Durante, 
Rehn,  and  others  have  suggested.     By  for- 
cibly retracting  the  sternal  angles  of  the  in- 
cision, all  the  space  required  to  expose  the 
pericardium    and    heart    can    be    obtained, 
when   the  interspaces  are   narrow  and   the 
cartilages  and  joints  are  ossified,  this  modifi- 
cation may  be  especially  advantageous.    The 
mark  X  indicates  the  theoretical  position  of 
a  wound  in  gie  precordia. 
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dial  or  parasternal  region,  and  the  fact  of  the  perforation  of  the  pleura 
is  confirmed  by  the  exploration  of  the  external  wound,  the  quickest 
and  safest  route  to  the  pericardium  and  the  heart  is  by  Spangaro's 
intercostal  incision  just  described. 

Treatment  of  Associated  Pleuropidmonary  Lesions. — The  need  of 
protecting  the  pleura  from  accidental  injury  has  been  sufficiently 
insisted  upon  not  to  require  repetition;  unfortunately,  in  over  80  per 
cent,  of  all  cases  the  pleura  is  opened  by  the  vulnerating  body,  and 
pneumothorax,  to  a  greater  or  less  extent,  already  exists  when  the 
surgeon  is  called  upon  to  operate.  If  the  lung  is  injured  coincidentally 
and  this  is  discovered  while  the  heart  is  being  exposed,  the  lung  injury, 
if  it  is  not  bleeding  profusely,  may  be  disregarded  until  the  work  on  the 
heart  is  completed.  But  if  the  lung  is  bleeding  freely,  temporary 
hemostasis  should  be  obtained  by  gently  clamping  the  bleeding  surface 
with  broad  oval  or  triangular  clamps. 

In  extensive  injuries  of  the  anterior  thoracic  region  and  in  the 
course  of  operations  by  the  sternal  route  to  the  heart  both  pleural  sacs 
may  be  opened,  and  in  this  way  an  acute  double  pneumothorax  may 
occur  with  almost  immediately  fatal  effect.  In  these  desperate  cir- 
cumstances, as  well  as  in  the  cases  in  which  the  sudden  rush  of  air 
collapses  the  lung  on  one  side  and  asphyxia  is  threatened,  artificial 
respiration  may  be  kept  up  rhythmically  with  the  Fell-O'Dwyer  appa- 
ratus until  the  operation  is  completed,  both  pleura?  being  closed.  After 
the  thoracic  wound  is  sutured  the  pneumothorax  may  be  relieved  by 
aspiration,  as  suggested  by  Delageniere. 

While  it  is  a  fact  that  in  none  of  the  cases  of  cardiorrhaphy  thus  far  reported 
artificial  means  of  inflating  the  collapsed  lung  have  been  applied,  and  repeated  suc- 
cesses have  been  obtained  in  spite  of  respiratory  disturbances,  there  can  be  no 
doubt  tliat  mechanical  means  of  maintaining  the  respiratory  rhythm,  when  the  pleura 
is  opened,  would  prove  of  the  greatest  utility  in  many  instances  if  judiciously  applied. 

Sauerbruch  and  Haecker,  who  have  most  recently  studied  the  effect  of  artificial 
respiration  in  the  treatment  of  heart  wounds,  complicated  with  pneumothorax, 
attribute  much  of  their  success,  while  operating  on  animals,  to  the  help  obtained  in 
regulating  the  expansion  of  the  lung  while  the  animals  were  kept  in  Sauerbruch 's 
chamber.  They  observe  that  hemorrhages  from  heart  wounds  are  very  materially 
lessened  by  the  coincident  collapse  of  the  lung  caused  by  the  inrush  of  air  when  the 
thorax  is  opened.  Therefore,  the  primary  collapse  of  the  lung  is  desirable  in  the  first 
stage  of  the  operation  until  the  heart  wound  is  sutured.  After  this,  the  pneumo- 
thorax is  harmful  and  dangerous,  as  the  vigor  of  the  heart's  action  diminishes  and  the 
blood-pressure  falls  progressively  with  the  persistent  failure  of  the  respiration  as 
long  as  the  collapse  of  the  lung  continues. 

As  soon  as  the  respiratory  function  is  re-established  by  artificial  means,  the 
heart's  action  improves  and  the  systematic  blood-pressure  returns. 

The  general  conclusion  reached  is  that  artificial  respiration  with  mechanical 
contrivances  (whether  on  the  "minus  pressure"  principle,  Sauerbruch 's  chamber, 
or  the  "plus  pressure"  principle,  Brauer,  Meyer,  Fell,  O'Dwyer,  Doyen,  Matas 
Smyth  pump,  Green's,  Robinson's,  etc.)  is  not  required  or  may  even  prove  injurious 
in  the  first  stage  of  thoracotomy  and  during  the  act  of  suturing  the  heart;  but  this 
is  of  decided  value  in  the  terminal  stages  of  the  operation,  when  the  respiration  and 
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circulation  both  begin  to  fail,  and  when  it  is  necessary  to  obliterate  the  pleural  space 
made  vacant  by  the  collapse  of  the  lung. 

More  serious  even  than  the  pneumothorax  is  the  danger  of  the 
simultaneous  infection  of  the  pericardium  and  the  pleura,  due  to 
neglected  asepsis  during  the  hurry  of  the  operation,  or  from  primary 
infection  introduced  by  the  weapon  into  the  wound,  this  last  cause 
being  less  important  as  a  factor  in  the  problem  than  the  first.  Pleuro- 
pericardial  infection  is  the  most  serious  obstacle  to  permanent  success 
in  cardiac  surgery,  and  justly  demands  the  most  scrupulous  care  on  the 
part  of  the  surgeon  in  his  antiseptic  preparation. 

Opening  of  the  Pericardial  Sac. — The  sac  may  have  been  opened 
already  by  the  weapon,  leaving  very  little  blood  in  the  pericardial 
cavity,  the  hemorrhage  finding  an  exit  externally  or  into  the  medias- 
tinum or  pleura.  More  often  the  pericardium  will  be  found  distended, 
holding  the  blood  that  flows  from  the  heart  in  spite  of  a  small  perfora- 
tion or  opening  which  is  perhaps  temporarily  blocked  by  a  clot  or 
by  the  heart  itself.  It  is  always  best  to  open  the  pericardium  freely 
throughout  its  long  axis,  from  the  level  of  the  apex  to  the  base,  so 
that  the  bleeding  wound  may  be  quickly  reached  by  the  hand  of  the 
operator.  The  edges  of  the  incision  are  then  seized  with  long-handled 
hemostats,  by  which  the  free  edges  of  the  pericardium  are  pulled  out 
to  the  level  of  the  external  wound,  thus  making  the  heart  more  access- 
ible. When  the  pericardium  is  tightly  distended,  the  immediate  relief 
of  tension  brought  about  by  the  escape  of  the  pent-up  blood  will  at 
once  improve  the  heart's  action,  and  a  favorable  change  in  the  general 
circulation  will  follow.  The  patient  is  then  likely  to  become  sensitive, 
to  recover  some  consciousness,  and  it  may  be  necessary  to  anesthetize 
him  to  keep  him  under  control.  If  there  has  been  no  heart  compression 
and  the  heart  is  comparatively  still  from  shock  and  depletion,  it  may  be 
easy  to  recognize  the  wound  at  once.  More  often  the  heart's  action  is 
violent  and  tumultuous,  and  the  field  of  the  operation  is  deluged  with 
blood  which  gushes  out  in  intermittent  streams,  spurting  sometimes 
beyond  the  wound  in  the  thorax  or  folding  up  into  a  mass  of  froth  which 
pours  out  of  the  external  wound  in  large  quantities.  This  is  especially 
true  of  the  cases  complicated  with  a  large  opening  in  the  pleura,  which 
allows  the  air  to  rush  in  and  out  of  the  thorax  with  each  respiratory 
movement  and  mix  with  the  blood,  the  heart  churning  and  lashing  it 
into  a  thick  crimson  foam  which  entirely  envelops  the  organ  and  hides 
it  from  the  view  of  the  operator.  This  was  my  own  experience  in 
a  case  operated  on  in  the  Charity  Hospital  of  New  Orleans  in  1897. 
(See  Bibliography.)  In  these  imposing  circumstances  it  is  impossible  to 
see  the  wound,  much  less  attempt  to  suture  it.  Sponging  or  mopping 
is  worse  than  useless.  There  is  but  one  alternative.  The  operator 
must  then  resolutely  do  one  of  two  things:  he  must  thrust  his  fingers 
into  the  pericardial  sac  through  the  swirl  of  blood  and  endeavor  to 
locate  the  wound  by  palpating  with  his  fingers,  and  then  plugging  it 
with  the  finger-tips,  if  he  finds  it;  or  he  must  grasp  the  heart  with  his 
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whole  hand  and  drag  the  bleeding  and  writhing  organ  massively  out 
to  the  thoracic  wound,  where,  by  gradually  relaxing  his  grasp,  the  seat 
of  the  hemorrhage  will  be  certainly  identified1  and  the  suture  can  be 
readily  applied.  Rehn  has  proved  experimentally  that  the  most 
effective  way  of  obtaining  hemostasis  for  the  few  seconds  required 
to  suture  the  wound  is  by  grasping  the  root  of  the  heart  on  a  level  with 
the  right  auricle  and  compressing  the  vense  cavae  at  their  entrance 
into  the  auricle.  (See  Experimental  Data,  and  the  Physiopathology 
of  the  Wounded  Heart,  p.  42.)  This  compression  can  be  kept  up 
continuously  or  intermittently  long  enough,  and  is  less  injurious  than 
the  violent  massive  compression  and  traction  of  the  organ  to  which 
some  operators  have  found  it  necessary  to  resort  in  order  to  stop 
the  flood  of  blood.  In  the  presence  of  profuse  hemorrhage  in  the 
pericardium  it  is  the  duty  of  the  operator  to  inspect  the  entire  surface 
of  the  heart  up  to  the  roots  of  the  great  vessels  to  make  sure  that  he 
has  secured  the  bleeding  point.  Failure  to  do  this  and  the  assumption, 
without  proof,  that  the  hemorrhage  may  come  from  other  sources, 
has  led  several  operators  to  overlook  the  real  cause  of  the  bleeding,  leav- 
ing the  patients  unrelieved  by  the  intervention. 

Cardiorrhaphy. — As  a  general  principle,  all  wounds  of  the  heart 
of  sufficient  gravity  to  call  for  exploratory  thoracotomy  should  be 
sutured  (Guibal).  It  must  be  remembered  that  incomplete  wounds 
which  do  not  perforate  the  walls  of  the  heart  may  enlarge  and  finally 
perforate  under  endocardial  pressure.  A  few  happy  cases  in  which 
wounds  of  the  heart  terminated  by  recovery,  without  suture,  after 
they  have  been  exposed,  are  recorded.  On  the  other  hand,  there  are 
cases  in  which  the  failure  to  suture  the  wound  after  the  heart  has  been 
exposed  by  operation  has  ended  in  death  from  secondary  hemorrhage. 

In  suturing  wounds  of  the  heart  which  bleed  profusely  provisional 
hemostasis  must  be  secured ;  the  heart  must  be  steadied  and  immobilized 
as  much  as  may  be  compatible  with  its  function,  and  a  good  suture  tech- 
nic  must  be  adopted.  Provisional  hemostasis  may  be  obtained  by  digital 
obturation  of  the  wound,  as  above  described.  Ninni  controlled  a  hemor- 
rhage by  plugging  the  wound  with  the  little  finger  of  his  left  hand,  while 
he  used  his  right  to  enlarge  the  thoracic  opening.  Bullet  forceps  or  clamps 
of  any  sort  should  never  be  used  as  tractors,  because  they  are  liable  to 
tear  the  myocardium  and  lacerate  the  edges  of  the  wound.  The  better 
plan  is  to  hold  the  heart  by  the  apex  and  pull  it  up  gently  until  it  is 
brought  to  the  external  wound,  where  it  can  be  seen  or  sutured.  Guinard 
recommends  that  the  heart  be  seized  over  the  left  ventricle;  this  gives 
a  much  better  hold  than  the  right  ventricle,  and,  by  placing  the  thumb 
of  the  left  hand  over  the  anterior  interventricular  septum,  the  index- 
finger  over  the  thick  edge  of  the  left  ventricle,  and  the  middle  finger 
under  the  apex,  the  heart,  which  otherwise  would  slip  away  easily,  will 
not  escape  from  the  operator's  grip  and  can  be  brought  safely  to  the 

1  The  reader  will  find  the  most  graphic  account  of  the  thrilling  circumstances 
in  which  this  procedure  may  become  necessary  in  Guinard 's  extremely  interesting 
report  of  his  personal  experience  with  a  heart  wound  of  tliis  kind. 
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surface  for  suture.  In  dealing  with  wounds  of  the  posterior  surface 
and  at  the  base  it  may  be  necessary  to  lift  up  the  heart  by  its  apex 
and  turn  it  upward  so  as  to  expose  the  posterior  surface  (Launay), 
or  partially  to  twist  the  heart  on  its  axis  from  right  to  left  (BouglS). 

By  the  maneuver  so  graphically  described  by  Guinard  the  tumultuous 
movements  of  the  heart  are  largely  controlled  and  hemostasis  is  at  once 
obtained.  The  digital  method  of  fixation  is  far  preferable  to  any  of  the 
various  methods  of  holding  the  heart  that  have  been  tried  and  recom- 
mended, such  as  pulling  on  the  apex  with  forceps;  traction  with  a  loop 
of  thread  passed  through  the  apex  (Spangaro),  etc.  It  is  impor- 
tant that  the  wound  be  well  exposed  and  brought  near  enough  to  the 
surface  for  a  deliberate  suture.  A  curved,  round  intestinal  needle  or  a 
milliner's  straight  needle,  held  in  a  light  but  firm  holder,  should  be  used. 
The  majority  of  operators  in  Europe  have  used  silk;  latterly,  the  tend- 
ency has  been  to  use  chromic  gut  more  often.  However,  one  death  is 
attributed  to  the  loosening  of  catgut  sutures  (Schoenborn).  According 
to  Goebell's  recent  and  extensive  experiments  on  heart  suture  to  test 
the  repair  of  these  wounds,  antiseptic  silk  is  to  be  preferred,  as  it  appears 
to  leave  a  firmer  and  more  resistant  cicatrix. 

In  passing  the  suture  a  considerable  margin  of  the  myocardium 
should  be  taken,  the  needle  penetrating  through  the  thickness  of  the 
muscular  wall  down  to  the  endocardium,  but  not  through  it,  the  point 
of  the  needle  being  again  introduced  at  the  very  edge  of  the  endocardium, 
so  that  when  the  suture  is  tied,  the  thread  will  not  appear  inside  of  the 
heart  chamber.  The  suture  should  be  applied  to  the  heart  in  accordance 
with  the  principles  which  govern  arteriorrhaphy  as  applied  to  the  large 
vessels.  Several  operators  have  passed  through-and-through  sutures 
(Guinard,1, Gibbon,  Fontan,  et  al.),  and  their  patients  have  escaped  the 
dangers  of  embolism  and  thrombosis  (except  Fontan's),  which  may  be 
apprehended  when  the  thread  is  exposed  in  the  heart  cavity  in 
contact  with  the  blood.  When  the  sutures  are  nicely  approximated, 
however,  even  when  they  perforate  the  entire  thickness  of  the  heart  wall, 
they  are  not  likely  to  appear  in  contact  with  the  blood,  and,  by  bringing 
the  endocardial  serosae  in  firm  and  perfect  apposition,  there  will  be  little 
if  any  danger  of  thrombosis  or  embolism.  Sometimes  thrombi  form 
in  the  ventricle  on  a  level  with  the  wound  without  perforating  sutures. 

The  introduction  of  the  first  suture  is  the  most  important  step  in 
the  process.  After  this  has  been  passed,  the  edges  of  the  wound  are 
well  steadied  by  gentle  traction  upon  the  thread  after  the  knot  has  been 
tied.  While  the  heart  is  steadied  by  the  hand,  which  also  holds  the 
long  end  of  the  first  suture,  the  other  sutures  can  be  passed  either  con- 
tinuously or  as  interrupted  sutures  at  a  short  distance  apart,  to  secure 
close  approximation  and  total  obliteration  of  the  wound. 

There  is  still  considerable  discussion  as  to  whether  the  continuous  or 
interrupted  sutures  should  be  used;  the  majority  thus  far  have  preferred 
the  interrupted  sutures,  as  showing  less  tendency  to  myocardial  necrosis 
than  the  continuous  sutures  (Elsberg).  It  is  argued  against  the  con- 
tinuous suture  line  that  if  a  single  thread  cuts  through,  the  entire  suture 
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will  be  a  failure.  This  question  will  have  to  be  decided  largely  by 
the  individual  preference  of  the  operator,  who  should  adopt  that  mode 
of  suture  with  which  he  is  most  familiar  and  which  can  be  most  con- 
veniently applied  at  the  time.  In  several  cases  the  myocardium  has 
appeared  to  be  particularly  friable,  or  the  sutures  have  been  drawn 
too  tightly,  and  in  consequence  the  threads  have  cut  through,  leaving 
a  ragged  edge.  Great  care  should  be  exercised  in  every  case  to  tie  the 
knots  gently,  and  with  just  the  amount  of  force  required  to  obtain  a 
close  approximation.  This  is  particularly  true  when  tying  knots  on  a 
violently  agitated  heart,  which  is  contracting  spasmodically  every  few 
seconds.  If  the  suture  tears  through,  it  may  transform  a  simple  longi- 
tudinal slit  into  a  cruciform  tear,  which  it  will  be  impossible  to  approxi- 
mate again  by  sutures.  This  is  one  of  the  most  deplorable  of  calamities, 
because  after  the  wound  has  been  lacerated  in  this  way  by  repeated 
attempts  to  suture  it,  there  is  very  little  prospect  of  closing  the  gap 
before  the  patient  will  bleed  to  death  (Walker's  case).  It  is  possible 
that  in  such  desperate  straits  the  lacerated  edges  of  the  wound  may 
be  excised  and  the  raw  surfaces  brought  together  with  mattress  sutures, 
as  has  been  done  with  some  degree  of  success  in  the  experimental 
excisions  of  the  heart  in  the  lower  animals.  Usually  from  one  to  five 
interrupted  sutures  have  been  sufficient  to  seal  the  cardiac  wounds. 

Drainage  of  the  Pericardium  and  Pleura. — As  the  most  frequent 
cause  of  failure  after  cardiorrhaphy,  infection  of  the  pericardium  or 
pleura,  or  of  both  together  (septic  pericardio-pleuritis),  causing  fully 
45.4  per  cent,  of  the  deaths,  according  to  Guibal's  very  careful  study, 
it  is  evident  that  the  efforts  of  the  surgeons  are  at  present  very  justly 
centered  upon  determining  the  best  means  of  avoiding  this  fatal  com- 
plication. In  the  peritoneal  cavity  the  indications  for  and  against 
drainage  have  been  fairly  well  defined  after  a  very  long  and  warm 
wrangle;  but  the  line  of  action  is  not  so  well  drawn  as  to  the  pericardium 
and  the  pleura.  In  trying  to  solve  this  problem  from  statistical  exper- 
ience, Guibal  (1905)  reports  that,  in  66  cases  of  his  collection,  the 
suture  of  the  pericardium  and  pleura  vrithout  drainage  has  been  done 
only  10  times;  in  8  of  these  both  the  pericardium  and  pleura  had  been 
opened.  Two  of  these  cases  were  instances  of  pericardial  injury 
without  heart  involvement,  and  8  out  of  the  10  recovered:  5  without 
septic  accidents,  and  3  others  after  going  through  lesser  infections. 
This  small  but  remarkably  good  series  of  " closed"  cases  supports 
the  contention  of  many  writers  who  believe  that  the  presence  of  the 
tampon  or  gauze  drain  is  itself  sufficient  to  cause  pericarditis;  that  it  fre- 
quently interferes  with  the  escape  of  the  secretions;  favors  stasis  in 
the  pericardium,  and  thus,  ultimately,  septic  infection. 

On  the  other  hand,  quite  an  important  group  of  authorities,  quoted 
by  Tscherniachowski  in  his  late  memoir,  unconditionally  recommend 
drainage  of  the  pericardium  after  cardiac  suture  as  a  preventive  of 
septic  pericarditis.  Up  to  the  present  time  the  observations  are  not 
sufficient  to  justify  a  final  judgment.  Tscherniachowski,  who  drained 
in  his  case,  is  evidently  much  impressed  with  the  merits  of  this  procedure 
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and  presents  a  series  of  tables  which,  numerically  at  least,  would  seem  to 
show  that  drainage  of  the  pericardium  is  the  proper  course  to  pursue, 
whereas  the  same  practice  is  not  the  best  for  the  pleura.  "He  collected  90 
cases,  and  in  this  group  he  found  42  cases  in  which  the  pericardium  had 
been  closed  without  drainage,  with  a  mortality  from  pericarditis  of  46.87 
per  cent.  The  pericardium  was  drained  23  times,  with  a  mortality  which 
he  estimates  at  only  21.05  per  cent.  From  the  purely  numerical  point  of 
view,  these  figures  would  show  that  a  patient's  chances  of  recovery 
are  twice  as  great  with  drainage  as  without  it.  He  believes  that 
the  majority  of  the  wounds  are  already  infected  by  the  weapon,  and 
also  that  better  results  would  be  obtained  from  drainage  if  the  sug- 
gestion of  Voinitch,  to  drain  the  pericardium  by  introducing  a  drain 
(preferably  a  tubular  rubber  drain,  Rehn)  to  the  depths  of  the  sac  at 
its  internal  inferior  angle  were  carried  out.  With  the  majority  of  recent 
writers,  he  believes  that  the  heart  in  all  pericardial  effusions 
is  crowded  by  the  fluid  toward  the  anterior  chest  wall,  and  is 
very  likely  to  obstruct  a  drainage  opening  unless  the  drain  is 
placed  in  the  most  dependent  portion  of  the  sac  and  below  the  heart. 
In  this  Rehn,  in  his  recent  and  most  authoritative  paper,  fully  coincides. 
While  it  is  true  that  synechias  or  adhesions  are  constant  after  prolonged 
drainage,  they  also  occur  (as  shown  by  Napalkow,  Amerio,  and  Skawitz) 
even  in  simple  punctured  wounds  which  have  not  been  operated  upon. 
The  association  of  septic  pleurisy  with  pericarditis  after  cardiac 
wounds  is  the  most  dangerous  complication  possible  after  cardiorrhaphy. 
Here  again  Tscherniachowski's  statistics  are  interesting.  He  finds 
that  in  his  19  cases  the  pleura  had  escaped  injury  only  in  7.  It  is, 
therefore,  equally  as  important  to  guard  against  the  pleural  infection 
as  the  pericarditis.  Here  again  we  find  two  factions:  those  who  drain 
the  pleura  and  those  who  do  not.  Tscherniachowski  found  that,  in 
27  cases  in  which  the  pleura  had  been  drained,  1 1  died,  equal  in  mortality 
to  44  per  cent. ;  after  deducting  5  deaths  not  due  to  pleurisy,  the  septic 
mortality  of  the  undrained  cases  is  30  per  cent.  In  27  cases  in  which 
the  pleura  was  drained  there  were  15  deaths — 55.55  per  cent,  mortality. 
By  deducting  6  deaths  not  caused  by  pleurisy,  the  mortality  was 
reduced  in  this  group  to  42.85  per  cent.  Statistically,  therefore,  a 
patient  has  a  better  chance  for  recovery  after  this  injury  with  his  pleura 
closed  than  open.  Tscherniachowski  believes  that  the  relative  rest  of 
the  pleura  and  lung,  when  injured  as  compared  to  the  constant  motion 
of  the  heart,  gives  the  pleura  a  better  chance  to  recuperate  without 
drainage.  Lenormant,  on  the  other  hand,  in  his  analysis  of  128  cases, 
finds  that  in  65  drained  cases  of  either  pericardium  or  pleura  or  both, 
33.3  per  cent,  succumbed  to  septic  pleuropericardial  complications. 
In  23  cases  which  were  not  drained,  21.7  per  cent,  suffered  from  pleuro- 
pericardial complications  which  proved  fatal  in  17.4  per  cent.  As 
a  purely  statistical  conclusion  he,  therefore,  insists  upon  the  hermetic 
closure  of  both  pericardium  and  pleura  in  all  aseptic  cases.  Rehn,  basing 
his  conclusion  upon  a  collective  study  of  124  cases,  concludes  in  favor 
of   closing  the   pleura  and   aspirating  the   contained   air   when   this 
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fails  to  be  absorbed  promptly.  The  chances  of  survival  he  thinks  are 
about  equal  with  or  without  pericardial  drainage,  and,  as  a  general 
procedure,  he  advocates  tubular  drainage  in  the  manner  previously 
stated.  In  favor  of  closing  the  pleural  wound  and  aspirating  the  air  we 
quote  NoetzeFs  recent  experiments,  which  show  that  in  animals,*  at  least, 
the  effects  of  pleural  infection  experimentally  produced  are  always 
greatly  aggravated  by  the  coexistence  of  pneumothorax.  When  the 
dead  space  left  by  the  admission  of  air  into  the  pleura  is  obliterated  by 
the  expansion  of  the  lung,  the  chances  of  recovery  are  very  much 
improved. 

It  is  evident,  from  all  this  discussion,  that  the  question  of  to 
drain  or  not  to  drain  is  not  to  be  decided  by  statistics,  and  that  each 
case  must  be  judged  by  its  individual  merits.  When  there  is  good 
reason  to  believe  that  primary  infection  has  been  eliminated,  it  is  safe 
to  close  the  pleura  and  pericardium  without  drainage.  When  there  is 
reason  to  doubt  the  asepsis,  it  will  be  safer  to  drain  the  pericardium 
in  its  most  dependent  portion  and  to  close  the  pleura — unless  it  is  quite 
certain  that  this  cavity  has  also  been  contaminated.  If  it  is  decided 
that  the  pleura  must  be  drained,  this  should  be  done  in  the  most 
dependent  position  posteriorly,  and  a  firm  occlusive  dressing  should  be 
applied  which  will  allow  the  discharge  to  escape  without  admitting  air, 
as  this  will  perpetuate  the  pneumothorax — an  especially  undesirable 
condition  under  all  circumstances. 

Closure  of  the  Wound. — If  it  is  decided  that  the  pericardium  must 
be  drained,  the  edges  of  the  membrane  should  be  attached  by  a  few 
interrupted  sutures  to  the  deep  pectoral  aponeurosis,  for  reasons 
before  given.  If  the  case  is  aseptic  and  no  drainage  is  required,  it  is 
important  that  the  pericardium  should  not  be  hermetically  sealed  by 
a  continued  suture,  as  this  will  inevitably  favor  the  retention  and 
stagnation  of  the  serum  and  exudates  which  will  be  poured  into  the 
sac  as  the  result  of  traumatic  reaction  if  the  patient  survives.  A 
few  interrupted  sutures,  leaving  considerable  interspaces  between, 
will  suffice  to  coapt  the  edges  without  interfering  with  the  relief  of 
pericardial  tension.  Interrupted  sutures  are  also*  desirable  in  closing 
the  remainder  of  the  wound,  the  skin  itself  being  brought  into  apposi- 
tion with  sterile  adhesive  strips  or  a  few  sutures,  which  will  not 
interfere  with  the  ready  escape  of  the  reactionary  exudates  and 
serous  ooze. 

Anesthesia. — In  the  majority  of  these  cases  a  general  anesthetic 
has  been  given.  In  66  completed  cardiorrhaphies  Guibal  finds  that 
a  general  anesthetic  was  given  31  times;  20  times  chloroform  was  used; 
ether  7  times;  4  times  the  anesthetic  used  was  not  specified;  16  times 
no  anesthetic  was  given.  It  is  evident  that  when  the- patients  are  in 
a  collapsed  or  syncopal  condition,  or  cyanosed  by  heart  compression, 
the  preliminary  thoracotomy  may  be  performed  with  slight,  if  any, 
anesthesia.  If  the  patient  is  conscious,  or  if  consciousness  returns, 
ether  should  be  given  cautiously  by  the  drop  method.  In  a  case  of 
my  own,  operated  upon  in  1897, 1  traced  out  the  outlines  of  the  thoracic 
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trap-door  flap  by  cocain  infiltration;  but  it  is  a  question,  in  my  mind, 
whether  that  was  necessary,  as  the  patient  seemed  to  show  very  little 
sensibility  until  the  pericardium  was  opened.  If  the  case  is  urgent,  there 
is  no  time  for  an  effective  local  or  regional  anesthesia  by  the  massive  infil- 
tration method.  Ether,  given  by  the  drop  method  on  an  open  cone,  is 
the  preferable  anesthetic.  As  a  rule,  very  little  will  suffice  to  control 
the  patient.  If  the  heart's  action  should  be  interrupted  and  cease 
during  the  operation,  direct  cardiac  massage  rhythmically  applied,  as 
elsewhere  described,  should  be  resorted  to. 

Post-operative  Treatment. — Shock  and  hemorrhage  are  the  two 
great  causes  of  the  immediate  mortality  after  these  operations.  After 
the  suture  of  the  heart  wound  has  been  successfully  completed,  the 
patients  will  be  benefited  by  an  intravenous  injection  of  hot  physiologic 
salt  solution.  The  greater  the  hemorrhage  and  vascular  depletion, 
the  more  is  the  intravenous  solution  indicated.  Its  administration 
must  be  watched  with  great  care,  for  fear  that  the  rapid  introduction 
of  a  large  quantity  of  fluid  into  the  veins  may  cause  an  acute  dilatation 
of  the  right  auricle  and  ventricle  from  overdistention,  as  the  heart 
muscle,  in  its  weakened  condition,  is  unable  to  contract  effectively  and 
empty  itself  rapidly  enough  to  prevent  venous  stasis.  If  the  patient 
is  cyanotic  and  the  pulse,  instead  of  steadily  improving,  becomes 
irregular  and  imperceptible,  instead  of  gaining  in  volume,  strength,  and 
regularity,  as  it  should,  it  is  evident  that  the  saline  injection  is  doing 
harm  and  must  be  stopped.  Patients  who  show  a  disposition  to  duski- 
ness, lividity,  cyanosis,  or  capillary  stasis  and  marbling  of  the  skin 
should  be  propped  up  on  pillows  in  order  to  keep  the  right  heart  from 
becoming  overdistended  with  venous  blood.  In  these  conditions  of 
profound  shock  the  vasomotor  control  is  lost  and  the  influence  of 
gravity  is  felt  by  the  vascular  system  on  the  venous  side,  in  a  manner 
that  never  occurs  when  the  vasomotor  center  is  awake  and  thoroughly 
aroused  to  its  functions.  It  is,  therefore,  a  great  error  in  all  cases  of 
evident  venous  stasis,  when  shock  exists,  to  place  the  patient's  head 
downward  with  a  view  to  supplying  blood  to  the  medulla  and  nerve- 
centers.  Patients  under  these  circumstances  do  not  die  from  cerebral 
anemia,  as  is  usually  believed,  but  die  from  cardiac  paralysis  due  to  an 
acute  dilatation  of  an  overdistended  and  weakened  heart.  If  the 
patient  is  propped  up  in  the  Fowler  position,  as  Crile  has  suggested, 
the  pressure  in  the  venae  cavae  and  the  right  side  of  the  heart  being 
diminished  by  the  effect  of  gravity  in  the  semi-erect  position,  he  will  not 
only  breathe  better,  but  will  be  able  to  empty  his  heart  if  there  is  any 
contractile  power  left  in  the  myocardium.  Hypodermics  of  strychnin 
(6*0  3*0  gr.)  with  digitalin  or  digalen  (Cloetta),  TTlv-xvj,  and  small  doses 
of  morphin  and  atropin  will  do  good,  especially  when  combined  with 
the  cautious  administration  of  black  coffee,  hot  tea,  champagne,  and 
other  forms  of  alcoholic  stimulants  of  the  kind  that  the  patient  is 
accustomed  to.  After  the  heart's  action  has  been  restored,  saline 
solution  may  be  continued  by  enema  with  coffee  and  laudanum  in 
small  doses  as  a  stimulant  as  well  as  sedative.     Overdistention  of  the 
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stomach  with  water  or  other  drinks  should  be  avoided  on  account 
of  interference  with  the  diaphragm  and  indirectly  with  the  heart. 
Rectal  enemata  given  slowly  on  the  Murphy  plan  will  do  better.  Exter- 
nal warmth  is,  of  course,  always  indicated  as  long  as  the  temperature 
is  subnormal  and  the  peripheral  circulation  remains  sluggish. 

Statistical  Conclusions  and  Causes  of  Mortality. — The  combined 
statistics  of  Fischer  and  Loison  (1869-96)  show  that  in  629  cases  of 
heart  injuries  recorded  in  the  preoperative  period,  84.8  per  cent,  died 
and  15.22  per  cent,  recovered,  a  mortality  which  is  even  less  than  it 
should  be  when  we  consider  that  needle  punctures  which  yield  40  per 
cent,  of  recoveries  without  operation  are  included  in  this  list.  Salo- 
moni,  in  1906,  tabulated  160  operations  upon  the  heart,  with  62 
recoveries  (43.83  per  cent.).  Wounds  of  the  heart  were  sutured  in  134 
cases,  with  49  recoveries  (38.75  per  cent.);  in  11  cases  the  heart  was 
exposed  without  suture,  and  5  recovered  (38.08  per  cent.).  Foreign 
bodies  were  removed  in  5,  with  5  recoveries  (100  per  cent.).  In  10  cases 
both  the  diagnosis  and  issue  were  doubtful  (30  per  cent.).  In  128 
cases  compiled  by  Lenormand  (September,  1906)  the  mortality  was 
36.7  per  cent.;  in  124  cases,  published  by  Rehn  in  April,  1907,  there 
were  40  per  cent,  recoveries  and  60  per  cent,  deaths.  While  the  value 
of  statistical  conclusions  must  not  be  overrated,  it  may  be  safely  con- 
cluded, with  Salomoni,  that  heart  wounds,  far  from  being  invariably 
fatal,  give  3  chances  in  4  for  survival  long  enough  to  permit  surgical 
intervention;  1  chance  in  10  to  heal  spontaneously;  and  1  in  2  to  be 
cured  by  surgery.  In  the  49  recoveries  analyzed  by  Rehn,  the  conva- 
lescence was  uninterrupted  and  uneventful  only  in  the  minority  of  the 
cases.  In  the  majority  the  post-operative  course  was  either  critical 
for  days,  stormy,  or  protracted  on  account  of  intervening  complications. 
Traumatic  pericarditis,  serous  effusions  in  the  pleura  requiring  puncture, 
and  emphysema  (6  cases)  and  pulmonary  infarcts  were  especially  noted. 
Of  Rehn's  75  fatal  cases,  16  died  on  the  table  or  within  an  hour  after 
the  operation;  17  died  in  a  few  hours  from  shock  and  hemorrhage,  i.  e., 
40  per  cent. ;  40  per  cent,  died  of  infection  either  in  the  pericardium  or 
pleura  or  both.  Therefore,  of  these  75  fatal  cases,  84  per  cent,  suc- 
cumbed from  hemorrhage  or  infection.  It  is  to  be  hoped  that  future 
improvements  in  the  technic  will  protect  patients  better  from  these 
two  great  factors  in  the  mortality.  There  is  no  doubt  that,  with 
improved  methods  of  overcoming  the  evils  of  pneumothorax,  not  only 
will  shock  be  diminished,  but  also  the  danger  of  infection,  as  Noetzel 
has  pointed  out.  Pneumonia,  embolism,  cardiac  thrombosis,  valvular 
disorders  created  directly  by  injury  to  the  valvular  mechanism,  myo- 
carditis, and  associate  lesions  of  other  organs, — peritonitis,  etc., — were 
the  great  causes  of  the  mortality.1 

1  The  latest  tabulation  of  reported  cases  of  cardiorrhaphy  has  been  published  by 
J.  T.  Vaughn  (Jour.  Amer.  Med.  Assoc,  February  6,  1909).  Including  his  own  suc- 
cessful operation,  he  collected  150  cases,  with  a  mortality  of  65  per  cent.,  showing 
that  the  mortality  is  still  very  high.  He  concludes  that  the  evidence  is  against 
drainage  of  the  pericardium  and  pleura.  Sixteen  gunshot  wounds  were  operated 
upon  with  a  mortality  of  56  per  cent.,  or  10  per  cent,  lower  than  other  kinds  of 
wounds  treated  by  cardiorrhaphy.     He  reports  14  American  cases  with  6  recoveries. 
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Foreign  Bodies.  Including  Bullets. 

Foreign  Bodies  in  the  Heart. — The  tolerance  of  foreign  bodies 
by  the  heart  is,  indeed,  remarkable,  when  we  consider  the  mobility 
of  the  organ,  its  delicate  structure,  and  the  dangers  to  which  the 
patient  is  exposed  by  the  coagulation  of  the  blood  and  the  migration 
of  the  clots.  The  foreign  bodies  most  frequently  found  in  the  heart 
are  needles,  fragments  of  glass,  of  foils,  bullets,  etc. 

Salomoni  (1901)  collected  97  reported  cases  of  foreign  bodies  in  the  heart,  91 
of  which  entered  the  heart  through  the  chest  walls,  chiefly  the  precordial  region,  and 
6  by  the  esophageal  route.  Of  the  91,  40  recovered  and  51  died.  The  other  6  all 
ended  fatally. 
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The  fate  of  foreign  bodies  in  the  heart,  especially  bullets,  needles, 
fragments  of  knife-blades,  etc.,  and  the  behavior  of  the  heart  in 
connection  therewith  have  been  experimentally  studied  by  several 
recent  observers,  and  the  conclusions  arrived  at  (which  conform  with 
those  of  clinical  experience)  may  be  briefly  summed  up  as  follows:  (1) 
The  tolerance  of  the  heart,  pericardium,  and  blood-vessels  for  pro- 
jectiles, needles,  and  other  foreign  bodies  is  indisputable.  (2)  When 
bullets  or  other  foreign  bodies  are  retained  in  any  of  the  organs,  the 
results  may  be  (a)  immediate  or  prompt  death,  which  is  the  usual 
occurance;  (b)  survival  of  several  hours,  days,  or  weeks,  death  resulting 
finally  from  secondary  hemorrhage,  septic  complications,  embolism, 
etc.;  (c)  complete  tolerance  with  indefinite  survival  of  the  patients, 
the  foreign  body  being  only  revealed  at  the  post-mortem.  (3)  The 
fate  of  foreign  bodies  after  entering  the  heart  in  case  of  survival  is 
dependent  largely  upon  their  shape  and  size.  Needle-shaped  foreign 
bodies  remain,  as  a  rule,  in  situ  or  in  the  cavity  involved,  with  the 
point  buried  in  the  wall.  Thrombi  usually  form  and  organize  around 
the  foreign  body  when  this  lies  exposed  in  the  blood-stream.  Migra- 
tion of  needles  is  favored  by  the  heart  movements,  though  it  occurs 
less  frequently  than  is  usually  taught.  (4)  Bullets  and  other  foreign 
bodies,  not  needle  shaped,  are  swept  away,  as  a  rule,  out  of  the  heart 
by  the  blood  currents,  immediately  or  shortly  after  entering  one  of 
the  heart  cavities,  and  are  carried  into  the  great  vessels.  Sometimes, 
though  rarely,  bullets  will  be  dislodged  from  one  cavity  to  another 
in  a  direction  contrary  to  the  blood-stream  (ventricle  to  auricle, 
Haecker).  The  experimental  demonstration  of  the  tendency  of  the 
heart  to  eject  out  of  its  cavities  any  missiles  or  other  movable  bodies 
that  may  lie  free  in  its  chambers  is  fully  confirmed  by  clinical  experi- 
ence, and  should  be  borne  in  mind  in  all  such  cases  on  account  of  the 
danger  of  embolism  which  may  ensue  from  the  blocking  of  important 
arteries.  On  this  point  the  clinical  evidence  furnished  by  Fayrer, 
Hamilton,  Simmons,  Randall,  Morestin,  and  especially  by  H.  Schloffer 
(1903),  in  his  remarkable  paper,  is  most  interesting  and  conclusive. 
(5)  On  the  other  hand,  bullets  and  other  missiles  may  remain  free 
in  the  heart  cavities  without  causing  any  reflex  functional  or  organic 
disturbances;  hence  extraction  is  not  invariably  required,  and  should 
be  attempted  only  when  called  for  by  special  symptoms. 

On  tliis  point  many  illustrative  cases  could  be  gathered  from  the  observations  and 
classic  papers  of  Geo.  Fischer,  Hermann  Fischer,  Loison,  Salomoni,  Riedinger, 
Socin,  and  Bergmann. 

Note  on  Bullet  Wounds. — Elten,  not  long  ago,  published  a  comparative  statistical 
study  of  the  mortality  of  gunshot  wounds  of  the  heart.  In  25  cases  of  bullet  wounds 
of  the  right  ventricle  one  patient  (4  per  cent.)  escaped  with  his  life.  Sc  hi  offer  (1903) 
has  compiled  a  table  showing  a  list  of  23  penetrating  or  perforating  gunshot  wounds, 
which  either  recovered  or  lived  at  least  four  days  after  the  infliction  of  the  injury. 
"Of  the  23  cases  above  referred  to,  the  right  auricle  was  involved  in  12,  with  a  dura- 
tion of  life  of  4  days,  twice;  5  days,  twice;  14  days,  twice;  two  lived  six  weeks; 
some,  many  years;  one  recent  case  (Trendelenburg's)  is  still  living." 
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In  the  statistical  study  of  heart  wounds  treated  by  suture,  we  find  that  in  Rehn's 
table  of  124  cardiorrhaphies  (including  1907),  15  were  gunshot  wounds,  and  of  these 
6  recovered  (40  per  cent.)-  It  is  remarkable  that  five  attempts  to  remove  bullets 
have  ended  in  recovery. 

Numerous  experiments  with  modern  small-bore  military  rifles,  and  the  experience 
of  recent  wars  and  in  civil  practice,  have  impressed  observers  with  the  belief  that 
small-caliber  projectiles  penetrating  the  heart  while  in  systole  result  in  smooth, 
tunneled  wounds,  while  more  extensive  explosive  effects  occur  from  hydrodynamic 
action  if  the  bullets  strike  the  heart  when  it  is  full  of  blood — i.  e.,   in  diastole. 

On  the  battlefield,  wounds  of  the  heart  and  large  blood-vessels  at  its  root  are 
probably  almost  immediately  fatal.  The  majority  of  reported  bullet  wounds  of  the 
heart  operated  on  in  civil  practice  are  inflicted  with  small  pocket  revolvers.  It  is  pos- 
sible that  the  low  initial  velocity,  lack  of  explosive  effect,  and  small  size  of  missile, 
account  for  the  fact  that  one  or  more  cavities  of  the  heart  have  been  perforated  with- 
out immediately  fatal  effect,  and  also  for  the  number  of  cases  in  which  the  bullets 
have  remained  encysted  in  the  heart  walls,  or  found  free  in  its  cavities.  That  bullets 
so  often  fail  to  penetrate  the  heart  is  in  part  accounted  for  by  Gaebel,  who  explains 
that  the  contracted  heart  of  a  healthy  man  is  as  rigid  and  hard  as  the  biceps  of  an 
athlete,  and  offers  a  solid  and  unyielding  surface  almost  as  impenetrable  as  iron. 

(6)  Radioscopy,  radiography,  and  the  various  special  forms  of 
apparatus  devised  for  the  accurate  localization  of  projectiles  and 
foreign  bodies  in  the  heart  have  proved  of  inestimable  value,  not 
only  in  diagnosis,  but  in  the  operative  treatment  of  this  class  of  cardiac 
injuries. 

(7)  With  the  present  facilities  for  the  diagnosis  and  localization  of 
foreign  bodies  in  the  pericardium  and  the  heart  with  improved 
methods  of  controlling  hemorrhage  from  the  heart  itself,  and  with 
an  improved  general  technic,  the  removal  of  foreign  bodies  from  the 
pericardium  and  the  heart  should  be  unhesitatingly  attempted 
whenever  it  is  evident  that  they  are  causing  serious  disturbances  or 
menacing  life.  A  needle,  accessible  from  without,  should  be  promptly 
extracted.  Should  it  be  broken  off  and  become  inaccessible  to 
external  manipulations,  its  removal  should  be  undertaken  by  a  sys- 
tematic, carefully  planned  thoracotomy.  After  the  extraction  of 
the  needle  or  pointed  body  from  the  precordia,  even  if  positive  signs  of 
heart  injury  are  lacking,  careful  watch  should  be  kept  for  signs  of 
heart  compression  caused  by  traumatic  hemopericardium.  In  such 
cases  everything  should  be  in  readiness  for  a  prompt  decompressing 
pericardiotomy  should  such  signs  develop.  Broken  knife-blades, 
poniards,  and  other  large  weapons,  visible  and  left  projecting  on  the 
chest  wall,  or  when  felt  subcutaneously,  or  when  seen  fluoroscopically, 
should  never  be  removed  without  previous  preparation  for  an  instant 
aseptic  pericardiotomy  and  cardiorrhaphy. 

The  following  notable  experiences  on  the  extraction  of  bullets  from  the  heart, 
reported  by  Podrez,  of  Kharkoff  (1898),  and  of  Zoege  v.  Manteuffel,  of  Dorpat  (1903), 
will  suffice  to  illustrate  the  tolerance  of  the  heart  to  foreign  bodies  and  to  surgical 
manipulations  and  the  further  possibilities  of  modern  surgical  technic. 

A  little  girl,  aged  sixteen  years,  was  accidentally  shot  with  a  revolver,  the  bullet 
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penetrating  on  the  level  with  the  fifth  chondrosternal  articulation.  It  was  evident 
that  the  bullet  had  entered  the  chest  and  probably  penetrated  the  heart.  The 
shock  and  violent  symptoms  presented  by  the  patient  abated  until  about  the  fourth 
day,  when  a  new  exacerbation  of  symptoms,  fever,  cyanosis,  dyspnea,  and  agitation, 
compelled  Podrez  to  interfere.  After  a  very  extensive  pericardiotomy  he  recognized 
a  wound  about  1  cm.  in  width  in  the  right  ventricle.  The  wound  had  not  cicatrized, 
but  was  apparently  closed  simply  by  muscular  contraction.  Podrez  attempted  then 
to  explore  the  tract  of  the  wound  in  the  heart  with  a  probe,  and  then  with  a  fine 
needle  hoped  to  detect  or  feel  the  bullet.  These  measures  failing,  he  made  more 
than  ten  punctures  in  the  vicinity  of  the  wound  in  the  ventricle,  to  see  if  he  could 
locate  the  ball,  but  ineffectually.  The  operator  then  explored  the  entire  pericar- 
dial sac  and  its  various  culs-de-sac  with  the  finger,  and,  not  finding  the  bullet,  pal- 
pated the  heart  itself  by  holding  it  between  the  two  hands  and  exercising  sufficient 
pressure  to  permit  of  a  fairly  thorough  exploration  of  the  auricles  and  ventricles. 
Disappointed  in  all  directions,  the  operator  reluctantly  abandoned  further  search  for 
the  missing  bullet  and  tamponed  the  wound  aseptically.  The  phenomena  exhibited 
by  the  heart  during  these  various  manipulations  and  subsequently  are  very  inter- 
estingly told,  and  were  sufficiently  alarming,  but  the  patient  survived  in  spite  of 
many  complications  (arhythmia;  edema  of  the  lungs  and  of  the  lower  extremities). 
Infection  of  the  pericardium  occurred,  but  after  frequent  irrigations  the  patient 
recovered.  The  wound  in  the  heart  was  never  sutured.  Fluoroscopic  examination 
subsequently  showed  distinctly  that  the  bullet  was  in  the  heart,  as  it  was  displaced 
and  moved  rhythmically  with  it. 

In  agreeable  contrast  to  the  difficulties  of  the  preceding  case, 
we  would  quote  the  following  remarkable  and  unique  experience 
recorded  by  Zoege  von  Manteuffel,  in  which  he  extracted  the  pro- 
jectile from  the  posterior  wall  of  the  right  ventricle  in  the  case  of  a 
woman  of  twenty-one  years.  After  the  pericardium  had  been  opened 
the  entrance  orifice  of  the  bullet  was  seen  upon  the  right  ventricle, 
6  cm.  from  the  apex,  a  blood-stream  of  50  cm.  in  height  spurting  out 
with  each  diastole.  This  orifice  was  at  once  closed  by  a  silk  suture 
and  the  bleeding  stopped.  In  order  to  locate  the  bullet  the  heart 
was  cautiously  raised  a  trifle,  the  pericardium  being  found  intact. 
The  bullet  was  felt  in  the  posterior  wall  of  the  right  ventricle,  1  cm. 
from  the  coronary  artery.  The  heart  was  now  lifted  up  by  means  of 
two  fixation  sutures,  and  the  operator  cut  down  upon  the  bullet, 
which  he  pressed  out  between  the  left  index  and  thumb,  so  that  it 
dropped  into  the  pericardium.  The  second  wound,  which  had  bled 
but  slightly,  owing  to  the  digital  compression,  was  sutured,  and  the 
patient  made  a  good  recovery. 
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Wounds  of  the  Coronary  Arteries. 

To  the  question,  can  these  arteries,  so  essential  to  the  life  of  the 
heart  itself,  be  ligated  without  fatal  results,  we  find  various  replies. 
The  older  authors  looked  upon  all  injuries  of  the  coronary  vessels 
as  necessarily  and  immediately  fatal.  Senac  did  not  believe  that 
they  caused  instant  death,  because  hemorrhage  from  these  vessels 
was  not  rapid  or  abundant. 

Cohnheim  (1881)  taught  that  the  ligation  of  one  of  the  coronary 
arteries,  which  he  believed  were  terminal  arteries,  induced  immediate 
and  fatal  arrest  of  the  heart.  The  contention  of  Michaelis  (1893)  and 
others,  who  deny  the  terminal  nature  of  the  coronary  arteries  because 
one  of  these  can  be  forcibly  injected  from  the  other,  has  no  weight — 
as  W.  T.  Porter  has  shown — against  the  positive  evidence  of  the 
complete  failure  of  nutrition  which  follows  closure  of  one  end  of  the 
coronary  circuit.  Porter,  in  his  exhaustive  research  (1903-06),  in 
which  over  100  ligations  of  the  coronaries  of  dogs  were  performed, 
observed  that  cessation  of  the  heart's  action  never  occurred  when  the 
septal  branch  (arteria  septi)  alone  was  ligated;  fatal  arrest  occurred 
only  in  14  per  cent,  of  the  ligations  of  the  right  coronary;  in  28  per  cent, 
of  the  ligations  of  the  descending  branch  of  the  left  coronary,  and  with 
the  greatest  frequency,  63  per  cent.,  if  the  circumflex  (left  coronary 
branch)  was  ligated.  The  prompt  and  fatal  arrest  of  the  heart's  action 
preceded  by  a  period  of  auriculoventricular  incoordination  which  occurs 
so  frequently  after  the  ligation  of  the  circumflex  branch  would  suggest 
that  a  condition  of  "heart  block''  is  induced  by  an  acute  ischemia  of 
the  bundle  of  His.  The  experimental  evidence  is  conclusive  in 
showing  that  the  disturbance  and  fatal  arrest  of  the  heart  after 
coronary  ligation  is  due  to  ischemia  and  not  to  accidental  injury 
to  the  myocardium.  It  is  encouraging  to  know  that  in  a  considerable 
percentage  of  cases  no  immediately  fatal  or  even  secondary  injury 
to  the  heart  follows  the  occlusion  of  one  of  the  larger  branches  of  the 
coronary.  It  is  also  evident  that  the  resulting  disturbances  are  less 
dangerous,  as  these  vessels  are  ligated  at  a  distance  from  their  origin. 
The  failure  of  the  ligature  to  cause  either  immediate  or  secondary 
injury  to  the  heart  in  many  of  the  dogs  experimented  upon,  and  the 
non-occurrence  of  myocardial  degeneration  in  cases  of  pathological 
occlusion  of  these  vessels  in  the  human  subject,  can  only  be  accounted 
for  by  the  establishment  of  a  collateral  circulation  or  by  the  existence 
of  anomalous  branches  of  communication  between  the  two  coronary 
systems. 

Capellen  (1896)  ligated  the  left  anterior  descending  coronary  in 
the  human  subject  for  the  first  time,  and  though  his  patient  died,  the 
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end  was  not  brought  about  by  the  effect  of  the  ligature,  but  by  a 
septic  pericarditis.  Pagenstecher  found  the  left  coronary  cut  across 
5  cm.  above  the  apex.  He  ligated  both  ends  of  the  vessel,  and,  though 
his  patient  died  five  days  after  from  purulent  pleuropericarditis,  the 
heart  did  not  appear  to  suffer  from  the  effects  of  the  coronary  ligature. 
In  spite  of  the  comparatively  small  size  of  the  coronary  artery, 
bleeding  from  this  source  is  quite  sufficient  to  cause  death  from 
surgical  anemia,  apart  from  heart  compression.  In  Lamotte's  case 
there  was  a  double  hemothorax  which  filled  up  the  chest  when  death 
came.  Capellen's  patient  had  15  grams  of  blood  in  his  pleura,  besides 
a  very  large  hemopericardium.  An  enormous  hemopericardium 
was  found  by  Peek  Richards  (1891),  at  the  autopsy  of  an  insane 
patient,  caused  by  the  pricking  of  one  of  the  coronaries  with  the 
fragment  of  a  needle  introduced  with  suicidal  intent.  And  so  we 
find  other  cases  recorded  in  the  literature  of  the  preoperative  period. 
Larry,  Perry,  Clark,  Beckert,  Parisot,  Turner,  Klihm,  and  others 
have  recorded  autopsies  in  which  the  wounds  of  these  vessels  had 
healed  completely  and  had  been  followed  by  long  survivals,  death 
having  come  from  entirely  different  causes  than  heart  injury.  Turner's 
patient  died  of  purulent  pleuropericarditis  four  months  after  a  stab 
wound  of  the  heart,  Klihm's,  from  the  effect  of  complicating  spinal 
lesions  two  months  after  a  gunshot  wound  of  the  heart.  In  both  of 
these  the  anterior  descending  branch  of  the  left  coronary  was  involved. 
In  both  the  autopsy  demonstrated  that  the  coronary  wounds  had 
healed.  In  view  of  these  facts  we  would  conclude  that  the  coronary 
vessels  should  be  ligated  unhesitatingly  whenever  they  are  found 
bleeding  in  the  course  of  any  operation  on  the  heart  or  pericardium, 
the  opinion  of  some  authorities  to  the  contrary  notwithstanding. 
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Cardiac  Stimulation  for  Suspended  Animation  by  Various  Pro- 
cedures. 

Experiments  on  the  mammalian  heart  and  clinical  observations 
on  the  human  heart  show  that  its  functional  activity  may  be  restored 
by  at  least  six  different  modes  of  treatment:  stimulation  by — (1) 
Handling,  touching  (Panum,  Bloch);  (2)  needling  (Watson,  1887); 
(3)  aspiration  of  the  heart  cavities  to  relieve  venous  repletion  and 
chloroform  syncope  (Le  Fort,  Weynich,  Westbrook,  1882);  Dana, 
Mills  (1887);  Leuf  (1885);  Pepper  (1888-89);  aspiration  for  air- 
embolism  Senn  (1885);  (4)  direct  cardiac  electrization  (Mauclaire); 
(5)  direct  arterial  infusion  through  the  carotid  toward  the  heart,  to 
fill  the  coronary  circle  with  Lock's  solution  (Spina,  1906)  or  with 
defibromated  peptone  and   piridin  blood  transfusion  (Zeller,  1908); 
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(6)  heart  massage;  by  combining  cardiac  massage  with  arterial 
saline  infusion  and  adrenalin  (Crile,  1908).  Some  of  these  methods 
have  been  discarded  as  too  dangerous  and  uncertain  to  deserve  a 
place  in  surgical  therapeutics;  others  have  been  discussed  sufficiently 
in  other  parts  of  this  work  (see  Hemorrhage),  and  we  shall  now  confine 
our  attention  in  this  section  to  massage. 

Massage. — Peripheral  compression,  or  massage  of  the  heart,  with 
the  object  of  establishing  a  sort  of  artificial  circulation  and  arouse 
the  heart  to  contraction  after  its  movements  appear  to  be  suspended 
by  accidental  causes,  originated  with  Schiff,  the  physiologist  (1874), 
and  remained,  until  quite  recently,  strictly  confined  to  laboratory 
practice  on  the  lower  animals. 

Massage  acts  on  the  heart  by:  (1)  Emptying  mechanically  the  distended  cardiac 
chambers;  (2)  creating  an  artificial  circulation;  (3)  keeping  up  the  nutrition  of  the 
myocardium  through  the  coronary  vessels;  (4)  artificially  pumping  blood  to  the 
brain  and  correcting  the  circulation  of  the  medulla  and  central  organs  of  the 
nervous  system;   (5)  stimulating  the  reserve  energy  of  the  cardiac  muscle. 

Massage  can  accomplish  no  good  after — (1)  Coagulation  of  the  blood  in  the 
heart  has  taken  place,  and  (2)  the  myocardium  itself  has  lost  all  contractility  by 
postmortem  coagulation;  (3)  whenever  the  respiration  fails  or  the  central  auto- 
matic reflex  centers  of  the  medulla  are  permanently  damaged. 

In  order  to  apply  massage  directly,  the  hand  of  the  operator  can 
reach  the  heart  by  one  of  three  routes:  (1)  The  sternocostal  or  trans- 
thoracic route  (Neihaus,  1880;  Tuffier,  1898),  by  which  we  may  reach 
the  heart  by  simple  intercostal  incision — thoracotomy;  (2)  the  ab- 
domino-transdiaphragmatic  route  (Mauclaire,  1902),  in  which  the 
heart  is  reached  by  an  incision  through  the  diaphragm  after  laparot- 
omy; (3)  the  abdomino-subdiaphragmatic  route  (W.  A.  Lane,  1902), 
and  its  extraperitoneal  modification,  proposed  by  Tomaselli  (1907). 
The  subdiaphragmatic  method,  which  accomplishes  all  that  can  be 
expected  of  cardiac  massage  without  any  of  the  risks  of  bad  after- 
effects of  the  other  methods,  should  be  adopted  as  the  method  of 
election  and  preferred,  even  when  syncope  occurs  in  the  course  of 
operations  outside  of  the  peritoneal  area. 

Technic. — By  an  epigastric  incision  the  hand  grasps  the  heart 
through  the  relaxed  thin  diaphragm,  the  organ  being  held  as  nearly 
above  the  apex  as  possible,  so  as  to  compress  the  ventricles  rhyth- 
mically, 20  to  40  times  a  minute,  between  the  thumb  and  finger. 
In  applying  cardiac  massage  it  is  evident  that  the  earlier  it  is  done 
after  the  apparent  cessation  of  the  circulation  the  better.  In  some 
cases  the  response  of  the  heart  is  immediate;  in  some  no  contractions 
have  been  felt  until  five  minutes  have  elapsed  (Sencert) ;  six  to  eight 
minutes  (Lenormant) ;  and  not  until  fifteen  minutes  in  others  (Prus, 
Sick).  In  25  cases  reported  by  Lenbrmant  the  sternocostal  route  was 
adopted  16  times,  with  12  total  failures  (75  per  cent.),  3  temporary 
recoveries  (18.8  per  cent.),  and  one  permanent  recovery  (Igelsrud  in 
Keen's  paper),  or  6.2  per  cent. 
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In  a  summary  of  39  cases  reported  by  Ricketts  the  total  number 
of  cases  in  which  the  heart-beat  was  permanently  reestablished  was 
12  (34  per  cent.).  The  ages  were  giv,en  in  22  cases  (extremes:  oldest, 
sixty-five  years,  recovered;  youngest,  seven  years,  died).  The  time 
before  the  heart  function  was  reestablished  was  one  to  sixty  minutes ; 
the  greatest  length  of  time  of  cessation  of  heart-beat  to  be  reestab- 
lished permanently  was  twenty  minutes. 
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Surgery  of  the  Arteries, 
diseases  and  injuries  of  the  arteries. 

Anatomic,  Physiologic,  and  Pathologic  Peculiarities  of  Surgi- 
cal Interest. — A  preliminary  knowledge  of  the  chief  structural  and 
functional  peculiarities  of  the  arteries  is  essential  to  a  proper  appre- 
ciation of  their  behavior  when  injured,  and  of  their  reactions  when 
diseased. 

Arteries  are  classically  described  as  consisting  of  three  coats:  an 
internal  (intima),  a  middle  (media),  and  an  external  (adventitia). 
The  intima  is  in  immediate  contact  with  the  blood  and  is  formed  by 
an  exceedingly  thin,  transparent  layer  of  endothelial  cells  of  an  irregular 
or  fusiform,  squamous  type,  inclosing  oval  nuclei,  the  long  axis  of 
which,  as  well  as  of  the  cell,  lies  parallel  to  the  long  axis  of  the  artery. 
The  endothelium  has  no  direct  blood -supply  except  the  blood-stream, 
with  which  it  is  in  direct  contact.  The  endothelial  cells  have  an  enor- 
mous power  of  reproduction,  which  is  promptly  brought  into  activity 
by  mechanical  or  chemical  irritants.  This  was  first  appreciated  by 
J.  F.  D.  Jones  (1805),  who  showed  in  his  experiments  that,  on  account 
of  its  regenerative  properties,,  it  was  only  necessary  to  injure  the  intima 
in  order  successfully  to  obliterate  the  vessel  after  its  ligature. 

His  was  the  first  to  substitute  the  word  endothelium  for  epithe- 
lium, which  was  applied  by  his  predecessors  to  the  lining  membrane 
of  the  vascular  and  lymphatic  system.  Scarpa,  before  him,  called 
attention  to  the  histologic  as  well  as  germinal  relation  which  united 
the  lining  membrane  of  the  entire  vascular  system  with  that  of  the 
lymphatic  tracts,  the  serous  cavities,  and  the  synovial  sacs  of  joints 
and  bursae.  Zeigler  subsequently  compared  the  intimal  proliferation 
after  a  ligature  to  the  plastic   inflammation  of   a  serous   membrane. 
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Hence,  the  surgical  importance  of  the  concept  of  the  "unity  of 
the  endothelial — which  is  as  true  physiologically  and  pathologic- 
ally as  it  is  in  the  histologic  sense.  The  principle  of  "intima  to 
intima"  signifies  just  as  much  in  the  plastic  surgery  of  the  blood- 
vessels as  that  of  "serosa  to  serosa  "  to  the  abdominal  surgeon.  It  means 
that  endothelial  surfaces  when  brought  in  contact  under  abnormal 
conditions  of  irritation  or  trauma  quickly  unite  and  fuse  with  each 
other  as  the  result  of  rapid  cell  proliferation.  It  is  in  consequence  of 
a  better  appreciation  of  the  rapid  and  enormous  reproductive  power  of 
the  vascular  endothelium  that  the  great  progress  in  vascular  surgery, 
the  modern  ligature,  the  suture,  transplantation  and  substitution  of 
vessels,  obliteration  of  aneurismal  cavities  by  intravascular  suture,  and 
transplantation  of  organs,  has  been  accomplished.  The  chief  function 
of  the  normal  endothelium  is  to  preserve  the  continuity  of  the  blood- 
stream by  preventing  coagulation,  which  immediately  occurs  in 
a  blood-vessel  the  moment  its  endothelial  lining  is  damaged  by  injury 


Fio.  26.— Normal  Radial  Artery  and  Vein  (X  20).    (Meigs.) 
From  a  negro  woman  tweaty-five  years  old  who  died  of  meningitis.     The  artery  is  to  the  left, 
and  it  is  as  nearly  normal  as  any  of  the  arteries  of  persons  who  have  died  of  disease.      The  intima 
is  always  as  thick  as  it  is  here  represented.     The  vein  is  the  thin-walled  vessel  to  the  right. 

or  disease.  Outside  of  the  endothelial  layer  lies  a  thin  loose  connective- 
tissue  stratum  which  connects  the  intima  with  the  internal  elastic  lamina, 
the  fenestrated  membrane  of  Henle,  which  is  composed  of  a  layer  of 
longitudinal  fibers  running  parallel  with  the  long  axis  of  the  artery. 

The  middle  tunic  is  formed  of  two  constituent  elements:  (1) 
A  muscular  layer  of  unstriated  fibers  or  muscle-cells  (the  muscularis) 
and  (2)  an  external  elastic  lamina  which  defines  the  boundary  between 
the  media  and  the  adventitia.  H.  Diirck  (1907),  by  adopting  Weigert's 
new  nerve  stains,  has  shown  that  the  subendothelial  elastic  lamina  and 
the  external  elastic  of  the  media  are  connected  by  tense  radiating 
elastic  fibers  between  which  the  muscular  elements  of  the  artery  are 
interposed.  The  elastic  fibers  act  as  physiologic  antagonists  of  the 
circular  muscular  layer.  In  the  rhythmic  play  between  contraction 
and  dilatation  which  is  constantly  going  on  in  the  peripheral  vessels, 
vasoconstriction,  which  is  a  vital  act,  is  followed  immediately  by  the 
recoil  of  the  elastic  membrane,  which  brings  the  vessel  back  to  its  dilated 
resting  position.  As  we  ascend  from  the  very  small  to  the  higher  pe- 
ripheral and  visceral  arteries  the  number  of  muscular  fibers  become  so 
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great  that  in  cross-section  it  forms  a  well-marked  ring  of  non-striated 
muscle  with  comparatively  little  connective  tissue.  In  the  arteries  of 
the  first  magnitude  the  elastic  tissue  almost  entirely  replaces  the  muscu- 
lar layer  of  the  media.  The  middle  tunic  is  composed  of  elements  which 
are  easily  injured  and  degenerated  by  diseased  conditions,  and  have 
relatively  little  power  of  regeneration,  especially  when  compared  with 

the  intima  or  adventitia.  Repair 
of  these  elements  is  more  often 
accomplished  by  the  substitution 
of  fibrous  cicatricial  tissue  for  the 
lost  muscular  and  elastic  elements. 
The  media  receives  its  nourish- 
ment from  the  i*asa  vasorum,  which 
penetrate  to  the  internal  elastic 
lamina  after  ramifying  in  the  ad- 
ventitia. 

It  is  the  elasticity  of  the  arter- 
ies which  gives  them  their  firmness, 
their  rotundity,  and  their  mobility; 
it  is  also  this  quality  which  keeps 
them  open  when  empty  and  pre- 
vents their  collapsing  when  divided 
in  cross-sections.  It  is  also  the 
brittleness  of  the  elastic  lamellae 
which  causes  the  intima  and  media 
to  break  and  curl  up  inside  of 
the  adventitia  when  an  artery  is 
crushed  with  a  ligature  or  with 
clamps.  It  is  also  this  elastic  re- 
traction, combined  with  coincident 
contraction  of  the  muscular  elements,  that  closes  the  mouth  of  a 
divided  artery  and  thus  favors  natural  hemostasia. 

The  adventitia  or  external  tunic  consists  (in  the  arteries  of  medium 
size)  of  bundles  of  white  fibrillar  connective  tissue  containing  some 
elastic  fibers.  While  looser  in  texture,  and  apparently  of  less  strength, 
the  adventitia  is  nevertheless  more  resistant  than  either  of  the  other 
coats.  It  alone  preserves  the  continuity  of  the  artery  after  all  the 
other  tunics  have  been  crushed  or  completely  ruptured  by  tying, 
stretching,  or  twisting.  The  adventitia  also  acts  as  a  protecting  wall 
which  stoutly  resists  the  invasion  of  outside  microorganisms.  It  also 
serves  as  a  bed  for  the  distribution  of  the  vasa  vasorum  and  the  nerve 
plexuses  (vasomotor  nerves),  preparatory  to  their  final  distribution 
into  the  muscular  layers  of  the  media.  The  vasa  vasorum  are  furnished 
by  the  nearest  branches  of  the  parent  trunk  or  of  adjoining  arteries, 
and  not  by  the  main  body  of  the  artery,  the  vessels  differing  from  the 
nerves  in  their  distribution,  which  is  limited  in  the  artery  to  the  media 
and  not  to  the  intima. 

The  extent  to  which  the  arteries  may  be  stretched  has  not  been 
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-Section  of  the  Brachial  Artery. 


1,  Outer  coat  (thick);    2;  media;    3,   intima. 
(Ballance  and  Ldmunds.) 
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accurately  estimated.  Veins  may  be  stretched  50  per  cent,  without 
passing  the  limit  of  their  elasticity,  t.  e.,  when  the  vein  is  freed  from  its 
adhesions  to  surrounding  tissues,  50  per  cent,  of  the  distance  may  be 
removed  and  still  the  veins  possess  sufficient  elasticity  to  be  approximated 
(Murphy).  Murphy,  Carrel,  Hoepfner,  Stich,  and  others  have  demon- 
strated that  relatively  large  sections  of  the  arteries  could  be  removed 
and  the  ends  approximated  by  suture  without  difficulty.  The  internal 
pressure  which  a  vessel  will  withstand  is  very  much  greater  than  the 
normal  arterial  pressure  to  which  it  is  subjected,  showing  that  in  the 
progress  of  surgical  repair  a  wall  much  more  feeble  than  the  normal 
wall  of  the  vessel  is  sufficient  to  hold  *the  blood  in  control.  Volkmann 
found  that  the  carotid  of  sheep  would  rupture  only  when  fourteen  times 
the  normal  pressure  was  put  upon  it.  The  carotid  of  a  dog  withstands 
fifty  times  the  normal  blood-pressure;  the  jugular  vein  one-half  of  this 
(Grehant,  Quinquaud).  It  may  be  deduced  from  this  that  there  is 
little  danger  of  aneurism  at  the  point  of  union  of  a  sutured  artery,  even 
if  the  walls  are  somewhat  weaker  than  normal  (Murphy).  Abundant 
clinical  testimony  with  arterial  suture  fully  confirms  this  statement. 
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Acute  Arteritis. — Acute  arteritis  is  a  general  designation  which 
includes  a  variety  of  strikingly  different  types  of  acute  arterial  disease. 
From  the  purely  histologic  point  of  view,  arterial  inflammations  may  be 
subdivided  into:  (I)  Periarteritis;  (2)  mesarteritis;  (3)  endarteritis, 
according  to  the  primary  or  chief  seat  of  the  lesion  in  the  adventitia, 
media,  or  intima.  There  is  no  sharply  defined  limitation  of  the 
inflammatory  process  to  either  of  these  coats,  as  suggested  by  these 
designations,  but  the  primary  seat  of  the  disease  is  thereby  emphasized. 
The  word  panarteritis  is  used  to  distinguish  those  forms  of  acute  arteritis 
in  which  the  entire  vascular  wall  is  involved,  as  is  most  frequently 
observed  in  the  localized  forms  of  arterial  infection  of  pyogenic  origin. 
An  etiologic  distinction  which  can  be  recognized  clinically  should  be 
made  between:  (1)  The  acute  types  of  arterial  inflammation,  which 
result  from  the  presence  of  living  (especially  pyogenic)  organisms  in 
the  circulation  and  their  toxins;  and  (2)  those  produced  by  toxins  and 
other  products  of  bacterial  activity  elaborated  in  distal  parts  of  the 
organism.  In  the  last  group  a  toxemia  is  produced  in  which  the 
bacterial  poisons  circulating  in  the  blood,  such  as  barium  chlorid,  alcohol, 
adrenalin,  etc.,  act  on  the  blood-vessels  in  the  manner  of  chemical  poi- 
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sons.  We  should  bear  in  mind  that  in  either  of  these  pathogenic  groups 
the  traumatism  and  other  influences,  must  be  considered  in  determining 
localizations  in  definite  areas  of  the  circulation;  the  tendency  in  the 
first  group  being  notably  toward  virulent  localization  of  destructive 
intensity  in  small,  definite  areas;  while  that  of  the  second  group  is  toward 
the  production  of  widely  diffused  or  disseminated  processes. 

I.  Pyogenic  or  Purulent  Arteritis. — The  first  group  may  be  sub- 
divided into — (a)  the  perivasal  and  (6)  the  endovasal  infections,  the  in- 
fection in  both  groups  recognizing  a  staphylococcal  and  streptococcal  or 
mixed  origin  in  most  cases.  The  perivascular  type  is  initiated  in  the 
adventitia,  constituting  the  clinical  type  known  as  " suppurative"  or 
" ulcerative  periarteritis,"  " ulceration"  or  "erosion"  of  arteries.  It 
occurs  most  typically  when  an  artery  lies  exposed  in  an  abscess  cavity, 
bathed  in  virulent  phlegmonous  pus.  This  occurrence  is  not  rare  in 
the  neck  (carotid  and  peritonsillar),  axillary,  iliac,  inguinal,  or  pop- 
liteal regions,  where  the  anatomic  conditions,  as  well  as  the  frequency 
of  deep  infections,  predispose  to  perivascular  suppuration.  While  arteries 
are  frequently  brought  in  contact  with  pus,  suppurative  periarteritis 
with  ulceration  and  rupture  of  the  artery  into  the  abscess  cavity  is 
not  a  frequent  occurrence,  because  arteries  are  nourished  by  their  own 
blood-vessels,  the  vasa  vasorum,  which  are  independent  of  the  main 
trunks  themselves,  and  they  are,  therefore,  able  to  offer  greater  resist- 
ance to  the  encroachment  of  outside  traumatism  and  bacterial  invasion 
than  the  surrounding  tissue.  It  is  not  unusual  for  a  vessel  to  remain 
apparently  intact  in  a  bed  of  necrotic  or  suppurating  tissue.  How- 
ever, this  immunity  or  resistance  to  infection  is  limited  and  is  very 
materially  affected  by  the  extent  of  the  injury  and  the  virulence  of 
the  infection. 

Secondary  hemorrhage,  the  formidable  specter  that  haunted  the 
surgeon  of  the  preantiseptic  period,  is  caused  by  a  purulent  periar- 
teritis in  which  the  bacteria  are  carried  to  the  lumen  of  the  vessel 
by  the  septic  ligature.  Here  all  the  conditions  favorable  for  infec- 
tion are  prepared  by  the  detachment  of  the  vessel  from  its  bed 
and  the  crushing  effect  of  the  ligature  upon  the  arterial  tunics, 
especially  as  the  ligature  was  then  always  applied  with  sufficient  force 
to  lacerate  the  intima  and  media.  Then  the  only  protection  against 
hemorrhage  was  the  presence  of  an  obturating  septic  clot,  which  often 
disintegrated  into  a  puriform  mass  as  the  local  infection  progressed. 
That  secondary  hemorrhage  did  not  occur  invariably  under  these  cir- 
cumstances, especially  when  the  large  arteries  were  ligated,  is  surprising. 
At  present,  the  dangers  of  hemorrhage  from  septic  or  purulent  periar- 
teritis need  scarcely  be  taken  into  account  in  operative  work. 

In  the  violent  forms  of  purulent  periarteritis  the  entire  thick- 
ness of  the  arterial  wall  may  become  sphacelated  or  gangrenous 
(arterionecrosis).  When  interstitial  suppuration  occurs,  the  arterial 
wall  is  undermined  and  ulceration  takes  place.  The  elastic  lamellae 
for  a  time  will  provide  a  protecting  wall  which,  yielding  gradually, 
forms  with  the  intima  a  hernia-like  aneurismal  dilatation,  "the  erosion 
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aneurisms  of  Eppinger."  These  always  terminate  in  hemorrhage  which 
has  no  tendency  to  be  arrested  spontaneously.  They  are  not  infrequent 
in  the  lungs  as  the  result  of  tuberculous  arteritis,  or  in  the  brain  as  the 
result  of  the  breakdown  of  gummatous  infiltrations  of  the  adventitia. 
In  addition  to  these  erosion  hemorrhages  which  occur  in  the  lungs, 
cases  are  reported  of  erosion  from  the  same  cause  in  cold  or  migrating 
abscesses  in  Pott's  disease.  Monod,  who  studied  these  arterial  ulcera- 
tions in  1882,  tabulated  51  observations  from  the  literature.  In  37  cases 
the  hemorrhage  was  caused  by  pus  infection  in  abscess  cavities.  In 
addition,  erosion  from  mechanical  irritation  and  compression  from  se- 
questra in  fractures  and  osteomyelitic  foci,  prolonged  contact  with  rigid 
drainage-tubes  (Bouilly),  are  quoted.  The  vertebral  artery  has  been 
ulcerated  in  cervical  Pott's  disease  (Regnier).  Hessler  collected  19  cases 
of  hemorrhage  of  the  internal  carotid  resulting  from  caries  of  the  tem- 
poral bones  and  carotid  canal.  In  an  exhaustive  study  of  the  hemor- 
rhages resulting  from  erosion  of  the  carotid  and  its  branches  in  peri- 
tonsillar abscesses,  Lebram  (1906)  reports  25  cases,  including  2  of  his 
own.  This  grave  complication  is  not  as  rare  as  it  appears  in  the  lit- 
erature. Of  these,  9  recovered  in  which  the  common  carotid  was  ligated, 
and  15  died.  Lebram  has  also  collected  23  cases  of  erosion  hemorrhage 
from  purulent  infiltration  of  the  lateral  sinus,  almost  all  occurring  as 
a  result  of  scarlatinal  otitis  and  mastoid  infection. 

Hoffman  (1906)  has  especially  investigated  the  erosion  hemorrhages 
which  occur  in  appendicular  abscesses.  After  quoting  the  statistics 
of  Hemmig,  Hagen,  Bode,  and  others,  he  states  his  own  statistics, 
which  show  four  hemorrhages  with  3  deaths  in  450  cases  and  400 
operations.  When  an  artery  has  been  eroded  in  an  abscess  cavity,  the 
weakened  arterial  coats  yield  as  a  result  of  the  sudden  removal  of  pres- 
sure, which,  prior  to  the  opening  of  the  abscess,  counterbalanced  the 
intravascular  tension.  Sometimes,  in  abscesses  of  low  tension,  with 
well-defined  walls,  the  artery  will  rupture  into  the  cavity  and  simu- 
late an  infected  diffuse  aneurism  or  pulsating  hematoma.  Sometimes, 
after  an  abscess  has  been  opened  and  drained,  a  few  repeated  hem- 
orrhages, "the  warning  hemorrhages  of  Pirogoff,"  precede  the  final 
and  often  fatal  gush.  It  is  important  to  protect  all  vessels,  arteries 
as  well  as  veins,  exposed  to  infection  in  suppurating  cavities  by  not 
opening,  incising,  or  otherwise  disturbing  the  aponeurotic  sheath, 
which  is  their  normal  barrier  to  infection.  It  is  also  important  to  sup- 
port the  artery  by  well-adjusted  antiseptic  packs  or  tampons,  when  the 
surrounding  tissues  have  been  destroyed,  so  that  the  tendency  to  yield 
to  intravascular  pressure  may,  in  some  measure,  be  obviated.  Impend- 
ing perforation  of  the  arterial  wall  is  often  announced  by  the  formation 
of  an  embolic  or  a  thrombotic  aneurism  at  the  seat  of  the  perfora- 
tion, the  thrombosis  giving  rise  to  all  the  signs  of  ischemia,  stasis,  and 
gangrene  in  the  peripheral  parts. 

II.  Localized  Septic  Endarteritis  of  Embolic  (Pyemic)  Origin. 
— This  form  of  acute  arteritis  begins  as  an  endovasal  process,  and 
is  always  the  result  of  the  lodgment  of  an  infected  embolus  or  propa- 


88  SURGERY    OF   THE    VASCULAR    SYSTEM. 

gated  thrombus  in  an  artery.  It  differs  from  periarteritis  by  the 
sudden  and  abrupt  development  of  disturbances  in  the  peripheral 
circulation  as  the  result  of  initial  thrombotic  manifestation.  In  the 
periarteritis,  thrombus  formation  is  a  terminal  feature  of  the  proc- 
ess, the  protective  thrombus  being  washed  away  by  the  hemorrhage 
following  the  rupture  of  the  artery.  The  local  effects  of  these  mycotic 
or  infected  emboli  may  be  stated  as:  (1)  Septic  suppurative  thrombo- 
arteritis  beginning  in  the  endothelium;  (2)  secondary  panarteritis; 
(3)  metastatic  abscess,  when  the  smaller  vessels  are  involved;  (4) 
degeneration  of  the  vessel- wall,  followed  by  ulceration,  erosion,  necrosis; 
(5)  aneurismal  dilatation  from  weakening  of  the  vessel-wall  at  the 
point  of  obstruction  (mycotic  embolic  aneurism);  (6)  increased  area 
of  coagulation  in  the  blocked  vessel  by  propagation  of  the  thrombus 
along  its  infected  walls;  (7)  gangrene  of  the  peripheral  parts  supplied 
by  the  obstructed  artery,  unless  the  collateral  circulation  is  sufficient  to 
compensate  for  the  obstruction.  An  infective  embolus  presupposes  an 
infected  thrombus  somewhere  as  the  source,  from  which  the  embolus  is 
detached  and  by  which  the  primary  infection  is  disseminated.  If  it  be 
pyogenic  in  character,  as  is  often  the  case,  a  metastatic  abscess  is  devel- 
oped at  the  point  of  embolic  obstruction,  and  the  condition  of  pyemia  is 
established.  Arterial  emboli  are  formed  (more  often  than  from  any  other 
cause)  in  the  valves  of  the  heart  or  in  the  aorta,  on  surfaces  roughened 
by  previous  disease  of  the  endocardium  or  in  atheromatous  patches  in 
the  aorta.  Arterial  embolism  has  been  noted  in  35  per  cent,  of  cases 
of  heart  disease  (Gunsburg,  Eichhorst).  The  order  of  frequency  of 
arterial  embolism  is  given  by  Welch  as  follows:  Pulmonary,  renal, 
splenic,  cerebral,  iliac,  and  other  arteries  of  the  lower  extremity;  celiac 
axis  with  hepatic  and  gastric  branches;  central  artery  of  the  retina, 
superior  mesenteric,  inferior  mesenteric;  abdominal  aorta  and  coronary 
arteries  of  the  heart.  It  is  very  probable  that  embolism  of  the  small 
arteries  of  the  lower  extremities  would  come  next  to  the  pulmonary 
in  the  order  of  frequency,  but  the  signs  and  symptoms  attending  this 
event  may  be  so  unimportant  as  to  be  overlooked  or  misinterpreted 
(A.  S.  Warthin).  It  is  evident  that  the  relation  of  the  endarteritis 
is  a  purely  secondary  one,  the  artery  being  infected  by  the  embolus. 
From  this  viewpoint,  the  clinical  manifestations  of  embolic  endarteritis 
are  practically  the  same  as  those  of  thrombo-arteritis  when  this  occurs 
in  the  course  of  the  infectious  diseases.  In  patients  suffering  with 
general  staphylococcal  and  streptococcal,  typhoiclal,  rheumatic,  gonococ- 
cal, influenzal,  and  other  general  infections,  the  septicemic  state  is  often 
complicated  by  ulcerative  endocarditis.  The  risk  of  embolism  is  then 
greatly  increased.  In  the  peripheral  arteries  it  will  be  announced  ab- 
ruptly by  local  intense  pain  in  the  limbs,  with  diminished  function  and 
diminished  or  absent  pulsation  beyond  the  line  of  obstruction.  When  the 
thrombosed  artery  is  superficially  situated,  it  can  be  palpated  as  a  hard 
cord,  extremely  tender  to  the  touch.  If  the  obstruction  is  complete, 
the  pulse  is  lost  altogether  in  the  distal  parts,  the  limb  becomes  edema- 
tous, the  surface  cold,  anesthetic  or  paresthetic.     Stasis  occurs  in  the 
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capillary  circulation;  irregularly  outlined,  pale  bluish  spots  form  in 
the  dependent  parts,  and  even  spots  of  an  ecchymotic  or  purpuric  char- 
acter make  their  appearance  in  the  skin.  The  further  course  will 
depend  upon  the  virulence  of  the  embolic  infection  and  upon  the 
establishment  of  the  collateral  circulation.  When  the  collateral 
circulation  fails,  gangrene  follows.  If  the  collateral  circulation  devel- 
ops, an  impending  gangrene  will  be  averted.  If  the  embolus  is  infected 
with  pyogenic  organisms,  panarteritis  will  follow,  with  the  formation 
of  an  abscess,  and  ultimately  (in  the  larger  arteries)  a  secondary 
hemorrhage  as  the  result  of  perforation. 


Fir,.  28. — Transverse  Section  of  the  Popliteal  Artery,  showing  Thrombo-end  arteritis 
(Non-pyogenic;  X8).  (Ballance  and  Edmunds.) 
From  a  man  aged  thirty-five  yean*  who  had  gangrene  of  the  right  foot.  There  was  no  visceral 
disease  and  the  case  was  apparently  an  example  of  the  endarteritis  proliferans  of  Friedlandei.  In 
the  section  the  wavy  fenestrated  membrane  of  Henle  can  be  seen  on  close  inspection.  Internal  to  it 
the  thickened  intima  is  represented  black.  A  clot  nearly  fills  the  vessel.  The  darker  area  of  the 
clot  is  permeated  by  cells  derived  from  the  endothelium,  which  have  partly  transformed  it  into 
connective  tissue.  The  narrow  white  spaces  are  all  that  is  left  of  the  lumen  of  the  vessel;  here 
alone  the  circulation  continued. 

III.  Acute  non-pyogenic  arteritis,  as  a  primary  process  (not 
secondary  to  embolism),  may  occur  from  traumatic,  toxemic,  and 
non-pyogenic  bacterial  infections.  This  group  differs  etiologically  and 
histologically  from  the  preceding  in  the  fact  that  the  structural  changes 
in  the  arterial  wall  do  not  lead  to  progressive  ulceration  or  purulent 
infiltration.  As  usually  observed,  acute  non-pyogenic  endarteritis 
is  a  widely  diffused  process,  affecting  large  areas  of  the  vascular  system 
at  the  same  time,  usually  in  the  lower  extremities.  The  intima  is  the 
first  and  chief  sufferer.  The  essential  histologic  difference  which 
separates  this  group  from  the  pyogenic  is  that,  instead  of  the  enor- 
mous leukocytic  infiltration  of  the  arterial  coats,  there  is,  in  addition  to 
thrombosis,  a  tendency  to  hyperplasia  and  endothelial  proliferation. 
Sometimes  the  arteritis  is  started  in  the  media  by  the  toxic  blood 
brought  to  it  by  the  vasa  vasorum,  causing  a  mesarteritis.  Acute 
non-purulent  arteritis  may  occur  in  every  general  infection  in  which 
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toxemia  occurs,  but  is  most  frequent  in  those  of  long  duration.  In 
these,  a  lingering,  wasting  fever  causes  a  sluggish  peripheral  circulation, 
due  to  an  exhausted  vasomotor  center  and  a  weakened  degenerate 
heart.  Other  conditions  favorable  to  the  stagnation  of  blood  in  the 
capillary  circulation  occur  in  the  peripheral  parts  of  the  extremities. 
These,  with  hemolytic  processes,  which  favor  intravascular  coagulation, 
all  combine  to  inaugurate  the  thrombo-arteritic  process.  It  is  not 
surprising,  therefore,  that  typhoid  and  typhus  fevers  should  stand 
first  in  the  list  of  the  thrombogenic  diseases,  followed  by  the  exanthe- 
mata (small-pox,  scarlatina,  measles),  acute  articular  rheumatism, 
pneumonia,  and  general  pneumococcal  infections,  diphtheria,  gonorrhea, 
and  the  chronic  malarial  infections.  The  influence  of  syphilis  in  exciting 
endarteritis  is  particularly  malignant,  but  it  is  considered  apart  from 
this  group  because  it  gives  rise  to  special  types  of  arteritis,  which, 
regardless  of  their  histologic  peculiarities,  prefer  certain  vascular  terri- 
tories in  the  brain,  spinal  cord,  the  aorta,  and  the  large  central  arteries, 
where  the  disease  is  followed  by  the  gravest  consequences,  such  as 
paralyses  from  thrombosis  of  the  branches  of  the  circle  of  Willis,  and 
by  aortic  aneurisms,  all  of  which  especially  concern  the  internist.  In 
summing  up  the  etiology  of  this  group  of  arterial  lesions,  we  would 
state  that  any  agency  capable  of  exciting  the  characteristic  tissue 
reactions  of  an  endocarditis  is  likewise  capable  of  injuring  the  endo- 
thelium and  other  coats  of  the  blood-vessels  in  the  manner  above 
described. 

In  the  clinical  study  of  the  acute  forms  of  arteritis  in  general  the 
peripheral  and  the  visceral  forms  of  the  disease  must  be  considered 
from  the  surgical  viewpoint,  and,  in  this  regard,  thrombo-arteritis  of 
the  extremities,  more  especially  of  the  lower  limbs,  claims  the  greatest 
attention.  Of  the  visceral  and  internal  thrombo-arterial  localizations, 
the  aortic,  mesenteric,  renal,  splenic,  and  hepatic  areas  also  claim  special 
attention  because  they  are  associated  with  secondary  obstructive  dis- 
orders, infarcts,  visceral  abscesses,  and  gangrenes,  which  follow  the 
occlusion  of  the  terminal  and  main  arteries.  An  embolus,  lodging  at 
the  bifurcation  of  the  abdominal  aorta,  may  be  followed  by  gangrene 
of  the  lower  limbs;  mesenteric  thrombosis  and  embolism  lead  to  gan- 
grene of  the  intestines,  and  metastatic  infarcts  in  the  kindeys,  liver, 
and  spleen  frequently  give  rise  to  surgical  conditions  demanding  opera- 
tive interference. 

Chronic  Arteritis— Arteriosclerosis.— This  is  the  largest  group 
of  the  arterial  diseases.  It  is  properly  claimed  by  the  internist  as 
his  special  province,  but  is,  nevertheless,  of  great  and  growing  impor- 
tance to  the  surgeon,  who  should  be  familiar  not  only  with  its  local 
obstructive  manifestations,  as  they  are  observed  in  the  extremities,  but 
also  the  general  constitutional  effects  of  the  arteriosclerotic  processes 
in  their  relation  to  general  surgical  practice,  i.  e.,  their  influence  in 
diminishing  the  resistance  of  the  individual  as  a  whole,  interfering  with 
the  nutrition  of  the  tissues  and  with  their  reaction  to  trauma,  shock, 
infection,  hemorrhage,  and  to  the  toxic  effect  of  general  anesthetics, 
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etc.     The  pernicious  effect  of  degenerative  changes  in  the  blood-vessels 
is  also  felt  by  the  general  metabolism  of  the  arteriosclerotic  subject 
which  makes  him  more  liable  to  auto-intoxications  and  to  other  con-, 
ditions  that  unfit  him  for  the  work  of  the  surgeon. 

We  are  now  especially  interested  in  the  local  effects  of  the  arterio- 
sclerotic process  which  the  surgeon  is  called  to  see  only  in  its  advanced 
stages,  when  the  arteries  are  palpable,  thick,  and  hard,  and  their  lumen 
is  contracted;  when  obstruction  in  the  peripheral  arteries  has  actually 
taken  place  or  is  threatened. 

In  the  study  of  this  most  important  vascular  disease  it  is  well  that 
the  student  should  know  at  the  outset  that  the  numerous  designations 
given  by  pathologists  to  this  condition,  in  the  course  of  its  historic 
evolution,  such  as  "chronic  arteritis, "  "atheroma,"  " arteriocapillary 
fibrosis,"  " obliterati ve  endarteritis,"  "endarteritis  chronica  diffusa," 
"endarteritis  nodosa  or  conscripta  diffusa,"  " angiosclerosis, "  "athero- 
sclerosis," "arteritis  ulcerosa  seu  verucosa,"  all  apply  to  the  protean 
phases  of  one  and  the  same  process,  more  or  less  modified  by  the  dura- 
tion of  the  disease,  the  regions,  and  anatomic  conditions  in  which  it 
occurs,  as  well  as  its  specific  causes,  yet  all  referring  to  the  same  funda- 
mental processes,  the  progressive  hardening  of  the  arteries.  It  is  this 
condition  which  justifies  the  name  of  arteriosclerosis,  first  given  to  it  by 
Lobstein  in  1835,  and  which  has  clung  to  the  nosology  with  greater 
tenacity  than  all  the  others. 

While  this  process  may  involve  only  a  sectional  area  of  the  arterial 
system,  it  more  often  affects  the  entire  vascular  system,  including  the 
arteries,  veins,  and  perivascular  tissues  and  organs  in  a  generalized 
diffuse  sclerogenic  process.  Arteriosclerosis  must  be  regarded  as  a 
complex  disease  which  manifests  itself  in  many  different  types,  all  of 
which  may  appear  in  the  same  individual  and  as  the  effect  of  the 
pathogenic  operations  of  one  common  cause.  Thus  the  syphilitic 
poison  may  give  rise  to  all  the  known  types  of  arteriosclerosis  in  the 
same  individual.  In  some  instances  a  single  coat  of  a  vessel  is  affected 
by  fibrous  or  other  allied  changes;  in  others,  several  tunics  of  the  same 
artery  are  involved.  Hence,  we  may  have  two  or  more  processes 
inextricably  mixed  in  a  progressive  disease  of  the  arterial  coats.  The 
type  of  the  disease  that  is  most  frequent  in  the  extremities  is  what 
Klotz,  Adami,  and  others  have  described  as  the  "Moenckeberg 
type,"  which  is  recognized  by  the  clinician  in  the  hard  and  tortuous 
radials  and  temporals.  "  In  this  type  the  disease  begins  in  the  muscle- 
cells  of  the  media,  and  the  media  alone  is  damaged  primarily.  The  in- 
tima  and  adventitia  are  not  essentially  involved  in  the  process,  though 
occasionally  a  secondary  intimal  thickening  accompanies  the  medial 
degeneration.  The  main  changes  in  the  media  are  a  fatty  degeneration 
of  the  muscular  and  later  of  the  elastic  fibers,  both  of  which  become 
calcified  and  rigid.  It  is  through  these  calcareous  plaques  in  the  media 
that  the  beaded  character  is  given  to  the  radials."  On  the  other  hand, 
the  "  Jores  type"  of  arteriosclerosis  is  characterized  by  primary  prolif- 
eration of  the  intima  and  secondary  involvement  of  the  subepithelial  con- 
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nective  tissue,  leading  to  atheroma  and  obliterative  changes.  Wherever 
the  process  begins,  or  whichever  type  it  may  assume  in  the  incipiency, 
it  always  tends  to  the  same  effect — the  loss  of  elasticity  in  the  vessel 
coats  with  progressive  tendency  to  rigidity,  thickening,  elongation,  and 
contraction  of  the  vessel  lumen.  In  the  great  arterial  trunks,  aorta  and 
primary  branches,  the  loss  of  elasticity  leads  to  dilatation  and  aneurismal 
formation. 

Clinically,  the  affected  arteries  are  recognized  as  hard,  roughened, 
tortuous  vessels,  readily  palpated  under  the  skin  as  they  follow  a 
serpentine  course  visible  to  the  eye  in  many  regions  (wrists,  temple, 
neck).  This  is  most  readily  recognized  in  aged  persons  (senile  type). 
On  account  of  their  hardness  and  brittleness,  the  arteries  are  ligated 
with  difficulty  or  crushed  and  torn  when  held  in  forceps.     In  a  remark- 


Fiu.  29. — Arteriosclerosis  of  the  Femoral  Artery  (X  55).     (Diirck.) 

1,  Adventitial  2,  compressed  and  atrophied  media;  3,  greatly  thickened  intinia;  at  4,  sclerotic,  fibrous 

tissue,  non-cellular;  at  5,  .scales  of  lime  salts  containing  spaces  filled  with  a  fatty  detritus. 


able  case  of  aortic  abdominal  aneurism  reported  by  Lozano  (Saragossa) 
in  1905,  when  this  surgeon  attempted  to  operate  by  the  intrasaccular 
method  (Mat as),  the  aorta  crushed  and  crumbled  under  the  pressure  of 
the  elastic  forceps  used  to  control  the  circulation  of  the  vessel,  so  that 
the  fragments  of  chalky  matter  formed  in  the  sclerotic  artery,  tore 
through  the  vessel-wall,  causing  hemorrhage  which  could  not  be  con- 
trolled except  by  leaving  a  forceps  on  the  artery  at  a  higher  point. 
When  calcareous  degeneration  has  occurred,  it  appears  distinctly  in  x-ray 
pictures  as  a  well-outlined  shadow  (Fig.  30).  Levy-Dorn  claims  that 
even  the  coronary  arteries  of  the  heart  when  sclerosed  can  be  demon- 
strated in  the  radiographs. 

Clifford   Allbutt    divides  arteriosclerosis   into  three   great   clinical 
types:   (1)  The  senile,  not  necessarily  associated  with  increased  arterial 
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tension;  (2)  the  mechanical,  resulting  from  long-continued  hypertension 
of  the  arteries  of  whatever  origin;  (3)  the  toxic,  in  which  hypertension 
occurs  as  a  rule  (nephritis).  The  general  fact  to  be  remembered  is 
that  the  process,  when  generalized,  almost  invariably  begins  as  a  func- 
tional overstrain  of  the  artery.  Added  to  this  general  cause  we  must 
consider  as  determining  or  associate  etiologic  factors  all  the  vascular 
poisons,  alcohol,  tobacco,  ergot,  lead,  mercury,  and  phosphorus  ;  the 
infectious  diseases,  especially  syphilis,  typhoid,  tuberculosis,  leprosy, 


Fia.  30. — Atheromatous  Arteries  in  a  Man  of  Sixty-one  Shown  bt  the  x-Rays.      (Case 

of  Keen,  skiagraphed  by  Manges,  Jefferson  Hospital.) 

a.  Brachial  artery;  6,  bifurcation;  c,  radial,  d,  ulnar  arteries.     There  was  a  posterior  dislocation 

of  the  elbow,  which  had  been  reduced,  and  a  fracture  of  the  head  of  the  radius,  which  shows. 

the  chronic  disorders  of  metabolism,  with  their  autogenic  poisons, 
many  which  are  not  yet  known  and  in  which  we  provisionally 
included,  gout,  diabetes,  arthritis  deformans,  violent  physical  ex- 
ertion with  acute  dilatation  of  the  heart,  disorders  of  the  central  and 
peripheral  nervous  system  which  affect  the  trophic  control  of  the 
blood-vessels  (tabes,  syringomyelia,  neuritis),  overeating  and  drinking, 
worry  and  psychic  wear  and  tear,  extremes  of  temperature,  especially 
cold. 

The  effects  of  arteriosclerosis  are:    (1)  Disturbances  in  the  general 
circulation  and  the  function  of  the  individual  organs,  due  to  the  diminished 
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elasticity  and  stenosis  of  the  vessels,  most  marked  when  the  veins  are 
simultaneously  sclerosed  (varices) ;  (2)  ischemia  of  the  peripheral  parts 
below  the  obstructed  arteries  (in  the  terminal  stages,  when  the  lumen 
is  obliterated  by  proliferation  of  the  intima  or  the  formation  of  a 
thrombus).  When  these  conditions  are  combined  with  impaired, 
dilated  heart  action  and  sclerotic  collaterals,  mortification,  usually  of 
the  dry,  mummified  type,  takes  place  in  the  dependent  parts,  as,  for 
example,  senile  gangrene  of  the  toes  and  fingers,  followed  often  by 
embolic  gangrene  of  the  entire  limb;  (3)  rupture  of  blood-vessels,  es- 
pecially of  the  central  cerebral  arteries,  leading  to  apoplexy;  (4)  miliary 
aneurisms  in  the  cerebral  and  visceral  arteries  (splenic,  mesenteric, 
renal,  etc.);  (5)  aneurisms  in  general,  but  more  especially  of  the  aorta 
and  great  central  arteries  of  the  fusiform  and  sacculated  types;  (6) 
thrombosis. 

The  very  interesting  experimental  data  which  have  accumulated  since  1903, 
when  Josue*  first  succeeded  in  producing  sclerotic  and  degenerative  lesions  of  this 
type  in  the  aorta  of  rabbits,  and  since  confirmed  by  a  great  number  of  investigators, 
have  not  yet  succeeded  in  elucidating  the  problem  of  the  etiology  of  arteriosclerosis 
in  all  its  phases.  These  investigations,  however,  have  distinctly  contributed  to  a 
clearer  and  better  defined  conception  of  the  arteriosclerotic  process.  It  has  been 
denied  that  the  experimental  lesions  produced  in  rabbit*  by  adrenalin,  digalen, 
nicotin,  and  other  substances  are  the  same  as  those  of  human  arteriosclerosis. 
The  points  of  similarity  are,  however,  too  striking  to  be  denied,  and  are,  to  all  intents 
and  purposes,  the  same,  outside  of  the  mode  of  causation. 

The  Presenile  Type  of  Arteriosclerosis. — In  addition  to  the 
senile  type  of  arteriosclerosis  previously  referred  to,  which  leads  to  the 
dry  gangrene  of  the  extremities,  there  is  still  another,  a  presenile  type 
of  acute  arteriosclerosis,  so-called  "obliterative  endarteritis"  of  Fried- 
lander  (1876),  which  causes  gangrene  of  the  extremities  in  otherwise 
apparently  healthy  men  in  the  prime  of  life — between  the  twentieth  and 
fortieth  years.  The  disease  usually  attacks  the  lower  extremities,  begin- 
ning, preferably,  in  the  left  foot.  It  is  essentially  a  disease  of  males 
(120  men  to  7  women).  It  is  a  curious  fact  that  the  majority  of  these 
cases  have  been  observed  in  Russian  or  Polish  Jews.  The  combined 
statistics  of  Higier,  Goldflam,  Idelsohn,  etc.,  show  that  in  58  cases 
there  were  55  Hebrews.  However,  I  have  observed  the  disease  in 
Anglo-Saxons  and  native  Americans  of  non-Semitic  origin,  and  do 
not  believe  it  to  be  a  racial  disease.  Syphilis,  alcohol,  diabetes, 
and  premature  senility  can  all  be  positively  excluded  in  many  cases. 
Hereditary  influences  may  act  as  a  predisposing  cause,  brothers  and 
sisters  often  being  attacked.  Intermittent  claudication,  muscular 
cramps,  and  erythromelalgia  in  the  lower  limbs  from  ischemia 
usually  precede  the  appearance  of  the  gangrene,  which,  beginning  in  the 
toes,  spreads  gradually  upward  as  a  dry  gangrene  of  the  leg,  often 
requiring  amputation  at  the  thigh.  The  pathology  of  this  disease  is 
explained  in  two  ways:  First,  those  who  agree  with  Friedlander  (1872) 
and   von  Winiwarter  (1879),  who  attributed  the  closure  of  the  vessel 
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to  proliferation  of  the  intima;  and,  second,  those  who  interpret  the 
process  as  a  type  of  arteriosclerosis  in  which  desquamation  of  the 
endothelium  in  the  popliteal  artery  leads  to  a  thrombotic  (white)  clot 
and  occlusion  of  the  arteries  which  progresses  by  peripheral  extension. 
Quite  recently,  Leo  Buerger  has  thrown  the  weight  of  histologic  evi- 
dence in  favor  of  the  second  view.  He  has  demonstrated  that  the 
veins  as  well  as  the  arteries  participate  in  the  process,  hence  the  term 
"  thrornbo-angiitis  obliterans  "  which  he  proposes.  Thus  far  the  essen- 
tial cause  of  this  remarkable  lesion  is  unknown.  Buerger's  researches 
suggest  a  toxic  origin. 


Fig.  31. — Artert  and  Vein*,  showing  Different  Stac.es  or  the  Obliterative  Thrombotic 

Process.      (Buerger. ) 

Above  there  are  two  recently  thrombosed  veins  ;  in  the  center  and  below,  an  artery  and  vein 

are  filled  with- sclerotic  canalized  tissue  (  <  18). 


Polyarteritis  nodosa  (periarteritis  nodosa)  is  a  very  rare  and 
fatal  form  of  acute  arteritis,  of  which  probably  not  more  than  28  cases 
have  been  recorded  in  the  literature  since  it  was  first  accurately  described 
by  Kussmaul  and  Maier  in  18G6.  It  occurs  in  two  forms:  (1)  as  a 
multiple  formation  of  small,  nodular,  spindle-shaped  thickenings  about 
the  size  of  a  shot,  resembling  a  miliary  tubercle,  and  (2)  in  another 
form  they  appear  as  small  aneurismal  dilatations  which  scarcely  ever 
attain  a  larger  size  than  a  pea  or  acorn.  Their  common  character  is 
their  great  number  on  the  same  vessels  or  series  of  vessels,  where  they 
develop  like  beads  strung  on  a  thread.     The  disease  almost  invariably 
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attacks  the  visceral  arteries  of  medium  size,  the  mesenteric,  hepatic,  and 
other  branches  of  the  celiac  axis,  renal,  coronary  arteries  of  the 
heart,  and  the  cerebral  arteries.  The  age  of  the  patients  varies  from 
childhood  to  adult  life,  and  four-fifths  of  the  reported  cases  have 
occurred  in  men.  The  clinical  history  is  that  of  a  general  hemic 
infection  with  marked  neuropathic  manifestations.  The  diagnosis  of 
typhoid,  dysentery,  peritonitis,  intestinal  obstruction,  endocarditis, 
etc.,  is  usually  made  until  an  autopsy  occasionally  reveals  the  true 
nature  of  the  case.  Only  2  reported  cases  have  recovered.  Nothing 
certain  is  known  of  its  etiology.  Rosenblatter,  Freund,  Jancso,  and 
others  believe  that  the  arterial  changes  are  the  result  of  a  specific 
infection.  The  disease  is  of  interest  to  the  surgeon  because  of  the 
tendency  to  the  formation  of  aneurisms  (in  1  case  over  63  were 
counted)  and  arteriothrombosis,  especially  in  the  mesenteric  and  other 
splanchnic  vessels,  where  the  disease  is  likely  to  cause  surgical  com- 
plications. 

Syphilitic  and  tuberculous  arteritis  are  specific  types  of  arterial 
disease  which  only  concern  the  surgeon  indirectly.  (See  Vol.  I.,  Chapters 
XVIII.  to  XXI.). 

Observations  of  Interest  in  the  Surgical  Treatment  of  the 
Thrombo=arterial  Obstructions  of  the  Extremities. — In  the  obser- 
vation of  arteriosclerotic  subjects  in  the  advanced  stages,  it  is  impor- 
tant that  the  clinician  should  not  overlook  the  preliminary  signs  which 
warn  him  of  the  dangers  of  progressive  occlusion  of  the  vessels 
of  the  extremities.  As  Zoege  v.  Manteuffel,  Borchardt,  and  others 
have  pointed  out,  long  before  the  appearance  of  the  gangrene  the 
patient  complains  of  disturbances  referable  to  the  diminished  circulation 
in  the  arteries.  In  these  cases  a  number  of  symptoms  referred  to  the 
legs  and  feet,  erroneously  interpreted  as  rheumatism,  articular  disease, 
hysteria,  flat-foot,  broken  arch,  etc.,  fall  under  this  category,  even  though 
gangrene  fails  to  occur.  These  symptoms  are  pain,  muscular  spasms, 
transitory  swelling  of  the  legs,  formication,  psycho-paresthesia,  sudden 
cyanosis  or  anemia,  alternating  sensations  of  heat  and  cold,  pain  and 
difficulty  in  locomotion,  staggering  gait,  which  may  last  a  few  hours 
or  days  and  then  disappear.  These  are  the  cases  that  Charcot  saga- 
ciously recognized  as  far  back  as  1856,  and  accurately  described  under 
the  title  of  " intermittent  claudication."  In  these  conditions,  as  in 
the  typical  senile  types  of  a  teriosclerosis,  when  the  warning  signs 
occur,  extra  caution  should  be  advised  in  preserving  the  limb  from 
injury  or  infection,  no  matter  how  trivial,  in  order  to  prevent  fatal 
inflammatory  stasis  and  necrosis. 

When  gangrene  actually  begins,  as  it  does  gradually  in  the  terminal 
stages  of  arteriosclerosis,  in  the  farthest  peripheral  areas  (toes),  the  ques- 
tion of  amputation  presents  itself.  When  and  where  to  amputate  then 
becomes  a  serious  question.  The  general  rule  of  practice  has  been  to 
wait  until  a  line  of  demarcation  has  formed,  unless  a  simultaneous  ascend- 
ing thrombosis  of  the  arteries  occurs,  leading  to  a  rapidly  progressive 
gangrene,  when   immediate  amputation  is  advised,  high  up,  usually 
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above  the  knee.  Other  operators  advise  amputation  at  the  upper  third 
of  the  leg,  others  prefer  the  Gritti  operation  for  anatomic  reasons,  others 
report  cases  in  which  amputation  of  the  foot,  even  as  low  as  Chopart's, 
Pirogoff's,  and  Lisfranc's  lines,  have  been  performed  without  sloughing 
of  the  flaps.  Wide  differences  of  opinion  evidently  prevail  among  oper- 
ators of  the  present  day.  Low  amputations  are  successful  when  the 
arteries  are  obstructed  at  a  still  lower  point;  they  are  followed  by  gan- 
grene when  the  artery  is  blocked  higher  up.  It  is  purely  accidental 
when  one  operator  happens  to  have  cases  with  low  arterial  occlusion, 
so  that  his  low  amputations  are  successful,  whereas  others,  with  the  same 
procedure,  are  obliged  to  resort  to  secondary  and  repeated  amputations. 
What  is  needed  in  practice  is  some  means  of  recognizing  the  viable  parts 
which  are  still  within  the  zone  of  active  circulation.  Hemorrhage  from 
the  stump  at  the  point  of  section  is  usually  regarded  as  a  guide  to  the 
proper  level  of  amputation,  but  this  is  fallacious,  because  many  stumps 
in  which  the  main  artery  does  not  blsed,  nevertheless  heal  perfectly  (Dol- 
linger).  It  is  in  these  cases  that  the  "hyperemia  test,"  recently  sug- 
gested by  Mozkowicz,  will  prove  particularly  valuable.  Mozkowicz's  test 
is  applied  as  follows:  The  affected  limb  is  elevated  long  enough  to  obtain 
a  marked  pallor  of  the  skin,  then  a  circular  broad  elastic  bandage  is 
applied  around  the  thigh  as  high  up  as  possible,  and  the  constrictor  is 
allowed  to  remain  in  place  for  five  minutes.  When  the  constrictor  is 
removed,  the  usual  hyperemic  blush  spreads  over  the  limb,  even  though 
marked  sclerosis  be  present.  The  hyperemic  blush,  however,  is  much 
less  active  as  the  ischemic  areas  of  the  foot  or  leg  are  approached. 
The  red  color  spreads  downward  hesitatingly,  almost  imperceptibly, 
especially  at  the  toes.  Individual  anemic  patches  persist  for  a  long 
time,  and  the  contrast  between  the  red  and  the  pale  areas  becomes 
marked  in  proportion  with  the  extent  of  the  arterial  obstruction.  It  is 
evident  that  any  operation  within  the  pale  zone  will  end  in  sloughing 
of  the  flaps.  Mozkowicz,  who  has  made  numerous  experimental  and 
clinical  tests  with  this  method,  shows  very  satisfactorily  that  the  viability 
of  the  deep  parts  corresponds  very  closely  with  the  living  red  skin  areas, 
and  that  the  surgeon  may  amputate  with  safety  anywhere  within  the 
line  of  the  pink  or  hyperemic  skin.  In  this  way  conservative  operations 
are  favored,  and  there  is  less  guesswork  or  accident  in  determining 
the  proper  level  of  amputation. 

Catheterization  of  the  Arteries. — When  amputations  are  per- 
formed for  senile  or  arteriosclerotic  gangrene  in  which  thrombosis  has 
occurred  in  the  vessels  up  to  the  level  of  the  section,  instead  of  reampu- 
tating  higher  up,  it  will  often  be  possible  to  make  the  main  artery 
bleed  in  the  stump  by  clearing  it  of  clot  by  gently  introducing  a  soft 
catheter  or  bulbous  tipped  probe  (dipped  in  sterile  vaselin)  into  the 
vessel  lumen;  by  following  this  with  gentle  massage  or  stroking  of  the 
limb  toward  the  periphery,  the  artery  is  often  completely  cleared  of 
clot,  the  blood  flowing  immediately  from  the  cleared  vessel.  This 
procedure,  known  as  the  "  catheterization  of  the  arteries,"  was  originally 
suggested  and  practised  by  Severeanu,  of  Bucharest  (1895),  and  subse- 
vol.  v— 7 
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quently  by  Martin,  of  Angers,  and  Manquzat,  of  Mexico.  I  have 
adopted  this  procedure  in  all  amputations  in  which  the  main  vessels 
were  blocked  by  thrombi,  and  always  with  gratifying  results. 

Thrombectomy. — In  cases  of  embolic  gangrene  or  when  this  is 
threatened,  it  would  seem  rational  to  open  the  artery  at  the  point  where 
it  is  plugged,  remove  the  clot  which  is  obstructing  the  blood-stream, 
suture  the  wound  in  the  vessel,  and  restore  the  lumen.  Simple  as  this 
may  seem  theoretically,  there  are  many  obstacles  in  the  way  of  its 
satisfactory  performance  and  in  the  accomplishment  of  its  purpose. 

Seven  opsrations  of  this  kind  have  already  been  reported:  Sabana- 
jew  (1898),  F.  Lejars  (1902),  F.  T.  Stewart,  Philadelphia,  2  cases  (1907), 
Witzel  (1907),  Liene  (1908),  and,  lastly,  the  case  reported  by  Doberauer 
(Budapest)  on  July  3,  1907.  In  all  instances  but  the  last  three  the  embo- 
lism occurred  in  the  vessels  of  the  lower  extremities.  In  all,  a  thrombus 
re-formed  promptly  after  its  removal,  and  in  all,  except  Witzel's  and 
Doberauer's  cases,  the  progress  of  the  gangrene  was  not  affected  or 
arrested  by  the  operation.  Amputation  had  to  be  performed  in  all 
the  cases.  In  Doberauer's  patient  (an  axillary  embolus)  the  clot  was 
removed  fifty-two  hours  after  the  signs  of  obstruction  became  mani- 
fest. Gangrene  of  the  fingers  with  ischemic  contracture  of  the  fore- 
arm had  already  developed.  In  a  few  hours  the  artery,  which  had 
been  cleared,  again  became  blocked  with  a  recurrent  thrombus.  The 
wound  was  reopened  and  the  clot  removed  for  the  second  time,  the 
wound  in  the  artery  being  closed  again  by  suture.  Thrombosis  now  fol- 
lowed for  the  third  time  in  three  hours  after  the  second  operation, 
and,  as  the  gangrene  advanced,  Doberauer  decided  to  create  an  arterio- 
venous anastomosis  between  the  axillary  artery  and  vein  above  the 
obstruction.  Immediately  after  the  establishment  of  the  anastomosis 
the  veins  of  the  arm  down  to  the  wrist  filled  up,  and  the  blood  could 
be  seen  and  felt  circulating  in  the  superficial  veins.  The  successful 
reversal  of  the  circulation  in  this  case  was  demonstrated  by  the  pulsa- 
tion and  other  signs  of  arterialization  of  the  veins.  This  case  was 
reported  twelve  days  after  the  operation,  and  the  ultimate  effect  of  this 
procedure  on  the  progress  of  the  gangrene  is  not  stated.  It  is  the  first 
case  in  which  arteriovenous  anastomosis  has  been  successfully  estab- 
lished for  the  relief  of  recurrent  embolic  obstruction  in  an  artery. 
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OPEN  WOUNDS  OF  ARTERIES. 

These  may  be  penetrating  or  non-penetrating  and  perforating.  A 
penetrating  wound  divides  all  the  coats  of  an  artery  and  opens  the 
lumen;  non-penetrating  wounds  may  cut  through  the  adventitia  or 
media,  but  do  not  involve  the  intima;  they  do  not  open  the  lumen  of 
the  artery.  Perforating  wounds  (chiefly  bullet  wounds)  penetrate  the 
walls  of  an  artery  at  two  points.  Wounds  of  arteries  are  also  classified 
according  to  the  degree  of  circumferential  involvement  into  complete 
and  incomplete  sections;  a  complete  wound  interrupts  the  continuity  of 
the  artery;  an  incomplete  or  partial  wound  only  involves  a  part  of  its 
circumference.  An  artery  may  also  be  injured  with  or  without  loss  of 
substance,  when  a  partial  section  of  its  wall  is  removed,  or  when  a 
whole  segment  of  the  artery  is  cut  off  or  otherwise  detached. 

According  to  the  mode  of  causation,  arterial  wounds  are  classified 
into — (1)  punctured;  (2)  incised;  (3)  contused  and  lacerated;  (4)  gunshot 
wounds.  Besides  projectiles,  foreign  bodies  of  various  kinds  may  lodge 
in  the  vessel-wall. 

Punctured  Wounds. — These  may  be  penetrating  or  non-penetrating. 
Puncture  of  an  artery  with  a  hypodermic  needle  is  a  typical  illustration 
of  this  mode  of  injury  in  its  most  innocent  form,  as  it  leaves  apparently 
no  appreciable  or  permanent  lesion  behind  it;  the  tissues  seem  to  close 
about  the  tiny  perforation  without  bleeding,  provided  it  is  removed 
forthwith.  If  a  needle,  no  matter  how  fine,  is  allowed  to  remain  in  the 
lumen  of  the  vessel,  it  will  promptly  lead  to  the  formation  of  a  coagulum 
made  up  of  a  mass  of  blood-plates  and  white  corpuscles  which  become 
agglutinated  to  it.  If  the  point  of  the  needle  is  rubbed  against  the 
intima  on  the  opposite  side,  so  as  to  scratch  the  endothelium,  it  will 
soon  lead  to  the  formation  of  a  white  thrombus,  consequent  upon  the 
irritation  and  damage  done  to  the  endothelium. 

In  accordance  with  the  laws  of  vascular  repair,  the  blood-plates 
and  leukocytes  will  at  once  adhere  to  the  injured  surface  and  lay  the 
foundation  for  the  formation  of  a  white  parietal  thrombus,  which  will 
continue  to  form  and  gain  by  accretion  until  the  lumen  of  the  vessel  is 
totally  obliterated  unless  the  needle  is  removed  shortly  after  its  intro- 
duction. This  white  thrombus  formation  is  always  provided  in  the 
vascular  system,  for  reparative  and  protective  purposes,  and  is  some- 
times utilized  in  practice,  as  in  the  method  suggested  by  Mace  wen,  for 
obliterating  certain  inoperable  aneurisms.  If  the  penetrating  instrument 
or  weapon  causing  a  punctured  wound  is  infected,  it  will  lead  to  the 
formation  of  a  septic  embolus  or  thrombus,  to  be   followed,  at  the 
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point  of  occlusion,  by  a  purulent  thrombo-arteritis.  Punctured  wounds 
may  be  caused  by  scissor  points,  pins,  needles,  sharp-pointed  frag- 
ments of  bones  in  fractures,  etc.  Fatal  hemorrhage  may  follow  even 
apparently  trivial  punctured  wounds  when  these  involve  the  great 
arterial  trunks 

Not  long  since  in  my  own  practice  a  girl  of  fifteen  years  was  killed  by  her 
younger  brother  who,  in  a  fit  of  anger,  threw  a  pair  of  scissors  at  her;  the  sharp  point 
of  one  of  the  blades  entered  the  right  subclavian  artery  above  the  clavicle,  and  deatli 
followed  in  a  few  minutes,  before  help  could  reach  the  victim.  Scarcely  a  drop  of 
blood  escaped  externally,  but  an  enormous  hemorrhage  had  filled  the  pleura.  A  num- 
ber of  fatal  hemorrhages  from  the  penetration  of  the  aorta  by  fish-bones  and  sharp- 
pointed  fragments  of  bone  and  foreign  bodies  lodged  in  the  esophagus  are  reported 
by  Paulet  and  others.  At  one  time  punctured  wounds  of  the  brachial,  at  the  bend 
of  the  elbow,  were  not  rare,  when  the  practice  of  venesection  was  universal,  and  was 
practised  by  the  barbers  as  well  as  regular  physicians.  No  immediate  effects  were 
noticed  at  the  time,  but  arteriovenous  aneurisms  often  developed  (see  Arterio- 
venous Aneurisms) .  Punctured  wounds  in  which  foreign  bodies  lodge,  as  in  the 
neck,  when  the  carotids  are  injured,  may  lead  to  serious  secondary  consequences 
(hemiplegia  from  embolism  of  the  brain,  etc.). 

Incised  Wounds. — Incised,  non-penetrating  wounds  which  do  not 
involve  the  intima  are  apparently  of  little  consequence.  Bougie,  who 
had  experimented  with  the  view  of  creating  aneurisms  by  parietal 
incisions  and  excisions  of  the  adventitia  and  lumen,  and  by  denud- 
ing the  artery  of  its  sheath,  has  always  found  that  the  wounds  heal 
without  evil  effect  of  any  kind  in  healthy  animals.  The  incom- 
plete incised  wounds  of  arteries  are  classically  divided  into  the  longi- 
tudinal, obliquef  and  transverse.  A  longitudinal  wound,  which  runs 
parallel  with  the  long  axis  of  the  vessel,  tends  to  retain  its  linear  appear- 
ance; a  transverse  wound,  on  the  contrary,  will  gape  wide  open;  the 
original  cut  is  linear,  but  is  immediately  transformed  into  a  circular 
or  oval  outline.  The  opening  by  a  transverse  wound  will  be  three  or 
four  times  larger  than  that  from  a  longitudinal  incision.  The  hemor- 
rhage from  such  a  wound  will,  therefore,  be  three  or  four  times  greater, 
and  spontaneous  hemostasis  will  be  proportionally  difficult  to  obtain. 
These  differences  between  the  longitudinal  and  transverse  wounds  are 
important  from  the  operative  point  of  view,  because  the  transverse 
cuts,  which  involve  three-fourths  of  the  circumference  of  the  vessel, 
cannot  be  sutured  by  lateral  arteriorrhaphy  on  account  of  their  great 
retraction  ;  whereas,  the  longitudinal,  even  of  considerable  length,  can 
be  so  treated.  Therefore,  also,  longitudinal  incisions  (arteriotomy) 
should  be  preferred  for  the  removal  of  thrombi  or  even  bullets  which 
may  have  migrated  from  other  parts,  and  the  vessel  closed  by  suture 
after  clearing  its  lumen,  with  the  expectation  that  the  circulation  in  the 
vessel  will  be  restored  if  the  intima  is  not  badly  injured  (Schlosser).- 

A  complete  transverse  section  of  an  arterij  is  less  dangerous  than  an 
incomplete  wound  which  does  not  sever  the  continuity  of  the  artery 
at  the  injured  point.  Complete  wounds  bleed  less  because  the  cut  end 
immediately  retracts    and    contracts  within  the  sheath,   so  that  the 
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lumen  of  the  vessel  is  very  much  narrowed.  In  a  large  dog  the 
femoral  artery  will  retract  to  the  extent  of  2  or  3  cm.  or  even  more, 
between  the  divided  ends,  especially  if  the  thigh  is  extended.  By 
the  narrowing  of  the  divided  ends  the  lumen  of  the  vessel  is  very  much 
reduced,  friction  is  increased  at  the  outlet,  and  spontaneous  hemostasis 
is  favored.  When  the  artery  is  only  partially  divided,  retraction  is 
interfered  with,  the  wound  remains  gaping  wide  without  retraction, 
and  spontaneous  hemostasis  is  interfered  with. 

Gunshot  Wounds. — Symptomatology. — This  is  all  summed  up  in  the 
word  hemorrhage.  When  a  large  artery  is  opened,  hemorrhage  will 
occur  and  blood  will  flow  until  the  organism,  as  a  whole,  succumbs, 
unless  the  group  of  phenomena,  which  are  summed  up  in  the  phrase 
"  spontaneous  or  natural  hemostasis,"  take  place.  The  first  step  in 
this  process  is  the  formation  of  a  clot  or  thrombus  at  the  constricted 
mouths  of  the  divided  vessel,  where  it  acts  as  a  plug  or  stopper;  this 
is  known  as  "  provisional  hemostasis."  If  this  provisional  thrombus 
is  not  detached  by  external  accidental  conditions  or  the  excessive 
pressure  of  the  blood  current,  it  will  become  organized — i.  e.,  it  will 
be  transformed  gradually  into  a  cicatricial  plug  made  up  of  connective 
tissue — thus  constituting  the  final  or  permanent  hemostasis. 

Temporary  Spontaneous  or  Natural  Hemostasis.— The  cessation 
of  hemorrhage,  without  outside  intervention  or  surgical  help,  depends 
largely  upon  the  caliber  of  the  vessel  injured,  the  structure  of  the  vessel- 
wall,  the  degree  of  intravascular  pressure,  the  region  involved,  and 
the  size  and  nature  of  the  wound  in  the  vessel.  The  contraction 
of  the  lumen  of  a  divided  vessel  results  from  the  direct  irrita- 
tion of  the  muscular  fibers  of  the  artery  and  is  a  biologic  reaction. 
Its  influence  is  greatest  in  those  arteries  in  which  the  muscular  coat  is 
best  developed.  It  is  the  organism's  first  effort  at  self-protection. 
At  the  same  time  the  elasticity  of  the  artery  causes  a  longitudinal  as 
well  as  circular  retraction  of  the  vessel  within  its  sheath.  This  narrowing 
of  the  caliber  of  the  artery  extends  for  a  considerable  distance  beyond 
the  point  of  section.  The  longitudinal  elastic  retraction  withdraws 
the  artery  for  a  considerable  distance  from  the  surface  of  the  wound 
within  its  cellular  sheath.  This  is  a  purely  physical  phenomenon  and  can 
be  demonstrated  upon  the  dead  body.  These  changes,  which  narrow  the 
caliber  of  the  vessel  sometimes  from  one-half  to  one-quarter  of  its  original 
diameter,  are  immediate  and  they  are  quickly  followed  by  the  formation 
of  the  obliterating  thrombus  or  clot.  This  thrombus,  as  it  is  formed 
in  the  Hiring  blood-vessels,  is  very  different  from  the  simple  clots  that  are 
formed  outside  of  the  body.  The  blood  in  escaping  from  the  mouth 
of  the  injured  vessel  comes  in  contact  with  a  cut  edge  of  injured  tissue, 
often  of  irregular  contour,  and  flows  into  the  sheath  and  the  surrounding 
tissues  before  it  reaches  the  surface.  The  mere  contact  with  the  in- 
jured cellular  elements  of  the  intima  and  of  the  damaged  cells  of  the 
perivascular  tissues  at  once  favors  coagulation  by  the  action  of  the 
plasmase  of  the  tissue-juices  which  contains  the  fibrin  ferment  and 
precipitates  the  fibrin  of  the  blood. 
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Red  or  Passive  Clot  and  its  Functions. — As  a  result  of  this  pre- 
cipitation of  fibrin,  a  red  clot  now  forms,  of  the  kind  first  described 
by  Broca  as  passive  clot.  It  is  a  soft,  non-resistent  material,  made 
up  of  a  mesh  of  fibrin  which  has  entangled  the  red  and  white  cells,  but 
particularly  the  erythrocytes.  By  the  force  of  the  blood-current  it 
breaks  up  almost  as  fast  as  it  is  formed.  This  red  clot,  formed  by 
chemical  action  solely,  would  never  effectively  arrest  the  bleeding;  but, 
by  filling  up  the  perivascular  tissues  and  the  space  between  the 
sheath  and  the  retracted  blood-vessel,  it  retards  the  violence 
of  the  blood-stream,  which  is  already  reduced  in  volume  by  the 
contraction  of  the  wound  orifice  and  by  the  lowered  tension  of 
the  blood  resulting  from  the  primary  extravasation.  By  this  com- 
bination of  conditions  the  clot  not  only  forms  externally,  but  extends 
into  the  lumen  of  the  vessel,  where  it  continues  to  increase  in  density 
until  it  reaches  the  nearest  collateral,  where  the  current  sweeps  by 


Fig.  32. — Spontaneous  Hemostasis  in  a  Lat- 
eral Wound.  (Diagrammatic.)  (Bougie.) 


Fig.  33. — Provisional  Hemostasia  in  Trans- 
verse Wounds.  Plug  and  cap  clot. 
(After  Follin  and  Duplay.) 


with  too   much  velocity   to  allow   of   the  further  extension  of  the 
thrombus. 

The  White  Thrombus  and  its  Functions. — As  a  result  of  this 
temporary  plugging  or  obstruction,  the  velocity  of  the  current  is 
very  much  reduced  at  the  outlet,  and  an  opportunity  is  then 
given  to  the  blood-plates,  which  always  travel  with  the  leukocytes 
in  the  periaxial  stream,  to  linger  and  adhere  to  the  cut  surface, 
and,  in  this  way,  a  much  stronger  and  more  efficient  plug  is  formed, 
known  as  the  white  thrombus.  This  is  entirely  different  in  its 
structure  from  the  red  or  passive  thrombus.  We  have  already 
stated  that  the  formation  of  a  white  thrombus  is  invariably  associated 
with  injuries  or  lesions  of  the  endothelial  lining  of  the  blood-vessels. 
It  always  appears  wherever  there  is  injury  that  requires  protection  and 
repair.  This  white  clot  (the  "inflammatory  lymph  "  of  the  old  observers) 
is  made  up  entirely  in  its  first  layers  by  blood-plates  which  become 
adherent  to  the  injured  surface,  where  they  become  agglutinated  in 
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enormous  numbers  and  blend  ultimately  to  form  a  plastic  homogeneous 
deposit  upon  which  leukocytes  and  fibrin  filaments  become  attached, 
and  in  this  way  form  a  cement.  This  sticky,  white  mass,  extending 
from  the  edges  of  the  wound,  gradually  occludes  it,  forming  a  firm  and 
resisting  wall  of  far  greater  efficiency  than  that  of  the  provisional  inert 
non-glutinous  red  clot,  which  acts  chiefly  as  a  temporary  obturator  and 
buffer  against  the  blood-current,  while  the  active  cellular  clot  is  being 
formed. 

The  formation  of  this  white  thrombus  and  its  intimate  structure 
has  been  especially  studied  by  Zahn,  Pitres,  Eberth,  and  Schimmelbush, 
who  describe  it  not  as  a  process  of  coagulation,  but  as  a  conglutination. 
This  corpuscular  conglutination  upon  the  endothelial  surfaces,  which 
have  lost  their  power  of  self-protection,  is  observed  as  the  first  defensive 
phenomenon  whenever  and  wherever  blood-vessels  are  injured,  not  only 
in  man,  but  throughout  the  animal  kingdom.  It  has  been  observed  in 
arthropods,  birds,  and  the  higher  vertebrates  (Loeb),  and  in  fact  is,  in 
the  majority  of  the  lower  forms  of  animal  life,  the  essential  and  all- 
important  mode  of  thrombus  formation.  It  is  only  in  man  and  the 
higher  vertebrates  that  we  find  the  precipitation  of  fibrin  as  a  secondary 
phenomenon  added  to  the  conglutination  of  the  cellular  elements  of 
the  blood. 

We  thus  find  that,  in  natural  or  spontaneous  hemostasis,  there 
are  two  kinds  of  thrombus  formation,  as  previously  stated:  (1)  a 
red  clot,  which  only  serves  to  retard  the  blood  flow  mechanically, 
and  is  made  up  of  red  and  white  cells  plus  fibrin,  and  (2)  a  white  or 
corpuscular  clot,  which  is  made  up  of  blood-plates  plus  leukocytes  plus 
fibrin.  The  white  thrombus  thus  formed  rapidly  narrows  and  obliterates 
the  bleeding  orifice,  leaving  the  red  thrombus  undisturbed  outside 
of  the  vessel,  where  it  forms  a  cap  or  mantle,  and  the  internal  clot  or 
stopper  {"bouchon  "  of  the  French)  which  extends  up  to  the  first  collateral 
branch.  When  this  provisional  thrombus  is  completed,  it  appears 
on  section  very  much  like  a  nail  or  long  tack  with  a  broad  mushroom 
head,  the  peg,  represented  by  the  internal  clot,  being  driven  into  the 
lumen  of  the  vessel  from  the  outside. 

In  partial,  parietal,  or  incomplete  mounds  the  white  thrombus  forms 
a  plaque  resembling  an  exudate,  which  may  or  may  not  extend  cir- 
cumferentially  into  the  vessel,  remaining,  as  a  rule,  as  a  mural 
thrombus,  where  it  officiates  as  a  protective  layer  until  definitive  or 
final  organization  and  repair  of  the  damaged  elements  have  taken  place. 

The  spontaneous  process  of  hemostasis,  above  described,  is  aided 
in  particular  cases  by  certain  other  conditions: 

(1)  Contusion  of  th*  Artery. — If  in  place  of  a  clean  cut  with  a  knife 
the  artery  is  bruised  or  lacerated,  the  brittle  middle  and  inner  coats 
give  way  first  and  curl  up  inside  of  the  artery.  On  the  curled  ends 
coagulation  quickly  takes  place,  and  hemostasis  is  almost  instantly 
secured.  This  is  the  basis  of  the  surgical  principles  involved  in  the 
use  of  the  ecraseur,  the  cold  or  hot  snare,  the  angiotribe  or  crushing 
forceps,  etc. 


104  SURGERY    OF    THE    VASCULAR    SYSTEM. 

(2)  Laceration  of  the  artery,  by  traction  or  twisting,  acts  much  in 
the  same  way.  Contusions  and  lacerations  are  potent  auxiliary  fac- 
tors in  obtaining  mechanical  hemostasis,  because — (a)  they  occlude 
the  vessel  provisionally,  by  the  curled-up  inner  and  middle  coats; 
(b)  by  increasing  the  area  of  endothelial  degeneration,  which  favors 
the  formation  of  white  clots;  (c)  by  increasing  the  perivascular  trauma 
and  again  favoring  the  greater  liberation  of  the  tissue  juices  which 
furnish  the  coagulating  agents  ("plasmase,"  Duclaux). 

(3)  Long,  tortuous,  narrow  tracts,  forming  valvular  wounds;  dense, 
aponeurotic  spaces  which  confine  the  blood  in  small  spaces. 

(4)  Diminished  arterial  tension,  brought  about  by  sudden  arterial  depletion  and 
shock.  The  decree  of  intravascular  pressure  has  a  most  important  bearing  on  the 
spontaneous  arrest  of  hemorrhage.  T  he  greater  the  intravascular  pressure,  the  greater 
are  the  difficulties  to  be  overcome  in  the  arrest  of  bleeding  by  thrombus  formation. 
Cohnheim  says:  "When  a  gap  or  defect  is  produced  at  any  point  in  the  vascular 
system,  all  resistance  ceases  there  and  the  blood  will  in  consequence  flow  toward 
it  and  escape  through  the  aperture  with  an  energy  wliich  is  naturally  greater  the 
higher  the  pressure  in  the  part  of  the  vascular  system  involved."  A  thrombus  once 
established  obstructs  the  lumen  of  a  blood-vessel  injured  just  so  long  as  its  adhesion  to 
the  orifice  of  the  wound  is  sufficient  to  resist  the  intravascular  pressure  (Senn). 

(5)  Shock  produces  an  immediate  fall  of  the  blood-pressure;  and 
this  alone  in  injuries  of  the  large  vessels  will  suffice  to  bring  about  a 
syncopal  state,  which  may  be  salutary  if  it  occurs  before  a  great  mass 
of  blood  is  lost. 

(6)  Increased  Coagulability  of  the  Blood.— This  tendency  is  increased 
in  normal  individuals  by  repeated  or  progressive  hemorrhage. 

Provisional  hemostasis  is  retarded  by — (1)  Partial  division  of  the 
artery,  which  is  thereby  kept  open  and  unretracted.  (2)  Adhesion 
of  the  sheath  to  the  blood-vessel,  as  occurs  in  inflamed  tissues,  thus 
preventing  the  retraction  of  the  artery.  (3)  Unrest,  disturbance 
of  the  injured  region  by  movements  or  manipulations  which  displace 
the  clot.  (4)  Stimulation  of  the  heart  and  circulation  artificially  by 
drugs  which  increase  the  force  of  the  systolic  contraction  (digitalin, 
strychnin,  ammonia,  alcohol,  etc.  (5)  Hemophilia,  scurvy,  and  pur- 
puric states.  (G)  Bleeding  into  large  serous  cavities,  where  no  me- 
chanical resistance  is  offered  to  the  escaping  blood. 

Permanent  Spontaneous  Hemostasis  (Organization  of  the 
Thrombus). — Cicatrization  and  Final  Healing  of  the  Arterial  Wound. — 
After  the  provisional  hemostasis  is  obtained  and  the  arterial  thrombus 
is  fully  formed,  the  organization  of  the  clot  begins.  The  provisional 
thrombus  is  entirely  passive  in  the  course  of  cicatrization.  Once  obtu- 
ration and  hemostasis  is  obtained,  the  function  of  the  thrombus  is: 
(1)  To  act  as  a  cushion  or  buffer  against  which  the  impulse  of  the  blood 
is  received,  and  in  this  manner  to  prevent  any  disturbance  of  the  plastic 
processes  which  are  in  progress  at  the  seat  of  the  injury;  (2)  to  form 
a  framework  or  scaffold  to  support  cell  invasion,  as  the  embryonal 
endothelial  cells  and  angeioblasts  proceeding  from  the  walls  of  the  vessel 


SUBCUTANEOUS    INJURIES.  106 

invade  the  thrombus  on  all  sides;  (3)  to  serve  as  nutriment  for  these 
cells,  which  are  all  endowed  with  phagocytic  properties. 

Though  the  clot  is  a  dead  and  inert  mass  and  takes  no  part  in  the 
living  processes,  by  which  the  final  closure  of  the  vessel  is  secured, 
a  deficiency  of  clot,  when  an  artery  is  damaged,  may  be  a  predisposing 
factor  toward  persistent,  recurrent,  or  secondary  hemorrhage,  by  the 
displacement  of  a  thrombus  when  a  large  collateral  opens  close  to  the 
seat  of  injury.  At  one  time  it  was  taught  that  the  leukocytes  par- 
ticipated in  the  building  of  the  new  tissue  or  scar;  but  it  is  now  universally 
recognized  that  the  cicatrization  of  the  artery  takes  place  here,  as  in 
wounds  of  other  tissues,  by  the  multiplication  or  karyokinetic  sub- 
division of  the  fixed  tissue-cells  of  the  intima  and  of  the  media.  This 
great  mass  of  embryonal  cells  group  themselves  into  typical  granula- 
tion tissue,  such  as  is  found  in  wounds  elsewhere.  This  granulation 
tissue  takes  the  place  of  the  clot,  and  is  itself  subsequently  transformed 
from  the  embryonal  type  to  the  mature  type  of  connective  tissue. 

Permanent  obliteration  of  the  artery  at  the  injured  point  is  the 
final  consequence  of  wounds  of  all  arteries  (veins  and  lymphatics  also) 
in  which  hemostasis  is  obtained  by  the  organization  of  an  obturating 
thrombus.  Sometimes  the  cicatrized  thrombus  is  canalized  or  per- 
forated, allowing  a  modified  lesser  circulation  to  continue  in  the 
wounded  vessels;  but  complete  occlusion  is  the  rule.  It  is  only  when 
the  closure  and  repair  of  an  arterial  wound  is  obtained  by  suture 
applied  according  to  the  rules  of  modern  technic  (see  Arteriorrhaphy) 
that  healing  is  obtained  without  an  obturating  thrombus  formation. 

Influence  of  Infection  on  the  Organization  of  the  Clot. — 
When  the  wound  becomes  infected  with  pyogenic  microorganisms 
and  these  gain  access  to  the  provisional  thrombus,  a  septic  thrombo- 
arteritis  is  established  and  the  reparative  process  is  interrupted.  The 
clot  is  at  once  invaded  by  a  host  of  leukocytes,  which,  engaging  in  a 
struggle  with  the  invading  bacteria,  soon  convert  the  clot  into  a  soft, 
puriform  mass  which  undergoes  disintegration.  By  thorough  drainage 
and  other  antiseptic  measures  the  wound  may  be  purified  and  the 
germs  eliminated,  giving  a  chance  to  the  embryonal  cells  to  multiply 
and  form  the  necessary  granulation  tissue.  Not  until  this  is  accom- 
plished can  definite  healing  of  the  artery  be  expected. 

SUBCUTANEOUS  INJURIES. 

Contusions  or  Bruises;  Ruptures;  Lacerations;  Tears  by  Grinding  or 
Attrition;  Stretching  or  Twisting. — When  a  blow  is  struck  over  the  skin 
and  soft  parts  covering  the  path  of  a  large  artery,  the  vessel,  in  virtue 
of  its  mobility  and  elasticity,  may  be  merely  displaced  or  turned  aside 
and  thus  escape  violence  altogether.  More  often  the  coats  of  the  vessel 
will  be  injured  to  a  greater  or  less  extent,  and  yet  the  continuity  of 
the  artery  will  be  preserved.  Again,  the  vessel  may  be  crushed  through, 
so  that  its  continuity  is  completely  interrupted;  or  it  may  be  torn  across 
by  stretching,  or,  again,  severed  by  spiral  twists,  as  when  a  limb  is 
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caught  in  a  machine  accident  and  made  to  turn  upon  its  axis.  All  of 
these  injuries  may  be  direct,  as  when  the  wheel  of  a  heavy  cart  or  a  rail- 
road car  crushes  through  the  thigh  or  leg;  or  indirect,  when  an  artery, 
for  example,  the  axillary,  is  torn  through  by  the  head  of  the  humerus 
which  is  suddenly  displaced  forward  in  the  axilla;  or,  what  is  more  fre- 
quently the  case,  when  the  vessel  is  ruptured  by  violent  efforts  to  reduce 
an  old  dislocation.  Likewise  the  popliteal  and  femoral  are  sometimes 
ruptured  in  attempts  to  break  up  old  adhesions  in  the  knee  and  hip. 
It  is  easily  understood  that  the  extent  of  the  injury  will  vary  with  the 
intensity  of  the  traumatism,  and  that  in  this  way  all  degrees  of  injury 
may  be  exhibited  by  the  affected  artery. 

Contusion. — With  Delbet,  Bougie,  and  the  French  authors  we  may 
also  recognize  different  degrees  of  contusion.  In  the  first  degree,  the 
intima  or  internal  tunic  alone  is  involved,  and  a  small  local  defect  or 
alteration  in  the  intima  will  follow,  which  may  be  covered  over  by  a 
protecting  layer  of  blood-plates,  fibrin,  and  leukocytes,  constituting  a 
white  thrombus.  This  will  adhere  and  protect  the  injured  surface  as 
a  flat  parietal  plaster  until  the  damage  is  repaired.  In  these  trivial 
injuries  the  defect  will  be  healed  without  interrupting  the  circulation 
in  the  artery,  as  the  lumen  is  not  completely  occluded.     As  long  as  this 


Fio.  34. — Incomplete  Rupture  of  an  Artery  Following  a  Contusion.     (BougK.) 

is  the  case  the  outward  or  clinical  manifestation  of  the  accident  will 
be  insignificant. 

In  the  second  degree  of  contusion  the  media  and  intima  are  both 
torn  and  become  detached  from  the  adventitia.  The  two  coats  then 
curl  up  like  a  scroll  and  retract  within  the  lumen  of  the  vessel,  thereby 
forming  valve-like  projections  which  vary  considerably  in  length,  ac- 
cording to  the  violence  inflicted.  The  vessel  is  then  simply  held  together 
by  the  thin  but  tough  adventitia,  which  bridges  over  the  gap  and 
preserves  the  continuity  of  the  vessel.  The  immediate  effect  of  this 
injury  is  to  produce  a  thrombus  which  will  at  once  block  up  the  artery. 
The  vessel-wall  will  also  be  so  much  weakened  that  it  may  tear  at  the 
injured  point  after  feebly  resisting  the  pressure  of  the  blood  that  slowly 
filters  through  the  curled-up  inner  and  middle  coats  which  block  up 
the  lumen  of  the  vessel.  When  extravasation  occurs,  it  is  not  until 
several  days  have  elapsed;  then  an  appreciable  hematoma  forms,  which 
usually  does  not  increase  rapidly;  but  this,  together  with  the  ischemia 
of  the  distal  parts,  will  disclose  the  true  nature  of  the  case. 

In  the  third  degree  all  the  three  coats  are  torn  across  and  the 
continuity  of  the  vessel  is  interrupted.  The  torn  ends  of  the  vessel 
will  now  retract,  and  its  lumen,  thus  narrowed,  with  the  aid  of  the 
hemostatic  thrombus,  will  suffice  to  close  up  the  artery  and  thus  pre- 
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vent  any  extensive  hemorrhage  into  the  surrounding  tissue;  or,  what 
happens  more  often,  the  hemostasis  thus  obtained  is  soon  followed 
by  the  displacement  of  the  clot  and  a  large  subcutaneous  hemorrhage 
occurs.  The  effects  of  these  various  injuries  may  be  summed  up  into — 
(1)  hemorrhage,  (2)  gangrene,  (3)  traumatic  hematoma,  and  (4)  false 
traumatic  aneurisms,  which  may  be  circumscribed  or  diffused. 

Causes  of  Mortification  after  Arterial  Contusion.— Mortification 
or  gangrene  of  the  distal  parts,  as  it  usually  presents  itself  in  the  lower 
limbs,  owes  its  frequent  occurrence  to  at  least  two  conditions:  (1)  An 
arterial  subcutaneous  rupture,  usually  followed  by  a  large  extravasa- 
tion of  blood  which  is  pent  up  tightly  under  the  aponeurosis,  muscles, 
and  unyielding  peri-arterial  tissues  as  in  the  popliteal  space.  The  con- 
cealed bleeding  here  continues  until  the  extravascular  pressure  outside 
of  the  artery  is  equal  to  the  intra-arterial  tension.  The  great  tension 
under  which  the  blood  is  kept  on  account  of  the  unyielding  nature  of 
the  surrounding  tissues  causes  a  displacement  of  the  soft  parts  and  an 
obstructive  compression  of  all  the  tissues  in  the  vicinity  of  the  injured 
artery.  As  a  result,  the  important  collateral  branches  which  should 
convey  the  blood  to  the  distal  parts  are  also  blocked  up  to  a  large 
extent  in  the  neighborhood  of  the  injury  to  the  parent  trunk.  (2)  The 
provisional  hemostatic  clot  which  plugs  up  the  mouth  of  the  torn 
artery  is  liable  to  break  up  on  the  distal  side  and  to  be  displaced  and 
thrown  into  the  peripheral  circulation  as  multiple  emboli  which  block 
the  peripheral  vessels.  (3)  In  crushing  injuries  of  sufficient  severity 
to  cut  through  the  vessels  of  the  limbs,  especially  the  popliteal  and 
femoral,  all  the  soft  parts,  including  the  secondary  arterial  branches 
which  cross  the  line  of  contusion,  participate  in  the  injury  and  are,  in 
turn,  "blocked  up."  In  this  way  all  accessory  or  secondary  sources  of 
collateral  supply  to  the  distal  parts  are  cut  off  coincidentally  with  the 
"blockade"  of  the  main  trunk. 

Pulsating  Hematoma  and  Traumatic  Aneurism. — When  a  complete 
subcutaneous  rupture  of  a  large  artery  takes  place,  two  events  may 
follow  in  addition  to,  or  apart  from,  gangrene:  (1)  a  circumscribed 
pulsating  hematoma,  also  described  as  a  false  consecutive  or  circum- 
scribed traumatic  aneurism,  or  (2)  a  non-pulsatile  diffuse  hematoma. 
The  second  form  of  hematoma  usually  occurs  in  regions  in  which  the 
blood  can  extravasate  and  diffuse  itself  without  much  resistance,  as 
in  the  axilla,  the  groin,  the  thigh,  and  wherever  the  intra-arterial 
pressure  is  sufficient  to  overcome  the  resistance  of  the  superficial 
musculo-aponeurotic  planes  and  fascia.  The  blood  then  escapes  pro- 
gressively into  the  tissues,  diffusing  itself  widely  and  in  every  direction, 
so  as  to  cause  often  enormous  swelling  of  the  limbs.  The  swelling  does 
not  pulsate.  The  appearance  of  the  limb  is  characteristic.  It  becomes 
cold,  pulseless,  livid,  and  anesthetic;  the  skin  is  tense,  discolored  by 
ecchymoses,  hemorrhagic  blisters,  and  in  places  looks  as  if  it  would 
burst.  The  entire  limb  from  the  groin  to  the  ankle  may  soon  swell  to 
giant  proportions;  not  only  in  consequence  of  the  enormous  extravasa- 
tion but  also  as  the  result  of  the  secondary  edema  which  follows  the 
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obstruction  or  compression  of  the  veins  and  lymphatics.  The  general 
effect  of  hemorrhage  will  be  felt  and  be  manifested  by  the  signs  of 
anemia,  shock,  and  general  exhaustion.  These  will  be  aggravated  by 
the  gangrene  of  the  limb,  which  will  promptly  supervene  if  the  fatal 
tension  is  not  quickly  relieved  by  surgical  interference. 

Complications. — The  danger  of  peripheral  gangrene  is  always 
made  doubly  worse  by  the  simultaneous  injury  of  the  accompanying 
or  satellite  vein,  which,  occupying  as  it  does  an  adjoining  compartment 
of  the  same  sheath  with  the  artery,  usually  suffers  the  same  lesions  as  the 
artery.  When  the  artery  alone  is  injured  and  gangrene  follows,  this  is 
usually  of  a  dry  type.  If  the  vein  is  involved  also,  moist  gangrene 
will  result- 
Infection  and  Suppuration. — Sometimes  these  extravasations  are 
followed  by  infection  and  suppuration  causing  grave  pulsating  hemor- 
rhagic abscesses,  which  bring  with  them  all  the  dangers  and  perils  of 
infected  aneurisms. 

Symptomatology  and  Diagnosis. — Injury  of  a  large  vessel  may  be 
suspected  when  very  extensive  extravasations  or  hematomas  develop 
in  regions  which  have  been  subjected  to  much  strain,  stretching,  or 
other  forms  of  direct  or  indirect  trauma,  as  in  the  axilla  after  forcible 
attempts  have  been  made  to  reduce  an  old  dislocation  of  the  shoulder. 
If  a  systolic  friction  murmur  is  heard  above  the  seat  of  the  injury 
and  a  thrill  is  felt  by  the  hand  on  pressure  over  the  injured  artery,  a 
large  arterial  wound  is  probable.  This  bruit,  which  was  first  described 
by  v.  Wahl  in  1880  (the  sign  of  von  Wahl),  is  intermittent,  isochronous 
with  the  pulse;  of  a  blowing,  scraping  character.  It  is  distinguished 
from  the  murmurs  obtained  in  arteriovenous  injuries  by  the  fact  that  it 
is  heard  with  greatest  intensity  at  the  seat  of  injury,  and  is  transmitted 
along  the  lumen  of  the  artery  in  a  peripheral  direction  for  a  short  dis- 
tance only.  This  sign,  which  is  heard  in  punctured,  incised,  or  gunshot 
wounds  of  the  arteries,  is  most  evident  when  the  injury  of  the  artery 
involves  only  a  part  of  its  walls  and  when  the  circulation  in  the  vessel  has 
not  been  wholly  interrupted.  The  sound  is  caused  by  the  contraction 
of  the  vessel  at  the  injured  part,  either  by  a  thrombus  or  by  the  retraction 
or  curling  in  of  the  intima  and  media.  It  is  sometimes  present  when 
the  arteries  are  completely  divided  and  the  blood  enters  the  distal 
end,  after  diffusing  itself  through  a  circumscribed  hematoma.  The 
von  Wahl  bruit  is  not  heard  in  the  smaller  arteries,  or  whenever  the 
arteries  are  obstructed  by  a  thrombus. 

The  appearance  of  the  limb;  the  absence  of  peripheral  pulse,  the 
pale,  cold,  shrivelled  skin,  at  once  tell  of  arterio-thrombotic  occlusion. 
When  the  limb  is  choked  up,  swollen,  cyanotic,  and,  later  on,  there 
is  no  dehydration  of  the  fingers,  there  is  evidently  likewise  a  venous 
obstruction. 

The  prognosis  of  these  injuries  is  intimately  related  to — (1)  the 
extent  and  severity  of  the  trauma;  (2)  the  presence  or  absence  of  the 
thrombus;  (3)  the  presence  or  absence  of  the  collateral  circulation; 
(4)  associate  injuries  of  bones,  joints,  nerves,  and  organs;  (5)  the  region 
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involved.  The  influence  of  the  region  involved  in  the  injury  in  deciding 
as  to  the  probability  of  gangrene  is  five  times  as  great  in  injuries  of 
the  lower  as  in  those  of  the  upper  extremities. 

Cases  of  this  type,  in  which  the  artery  has  been  lacerated 
subcutaneously  by  direct  violence,  have  been  especially  studied  by 
Lejars  (1898),  Picquet  (1906),  A.  Schorong  (1905).  Schorong  reported 
45  cases  (in  which  Lejars'  statistics  are  included)  and  classified  them 
as  follows*  Popliteal,  20  cases,  all  terminating  in  gangrene  of  the  limb; 
femoral,  11,  followed  by  gangrene  in  7;  brachial,  7,  with  gangrene  in  1; 
iliac,  2,  with  gangrene  in  2;  axillary,  1,  with  no  gangrene;  ulnar,  1,  with 
gangrene  1;  radial  and  ulnar,  1,  with  1  gangrene;  carotid,  1.  Total, 
32  cases  with  75  per  cent,  gangrene. 

Treatment. — When  a  subcutaneous  injupy  occurs  in  the  track  of 
a  large  artery  and  a  rapidly  increasing  hematoma  develops,  im- 
mediate effort  should  be  made  to  control  the  bleeding  by  circular  com- 
pression with  the  Esmarch  elastic  constrictor  at  the  root  of  the  limb 
on  the  proximal  or  cardiac  side  of  the  swelling.  When  the  axillary, 
carotid,  or  femoral  regions  are  involved  and  circular  constriction  at  the 
root  of  the  limb  is  impossible,  the  main  artery  must  be  controlled  by 
direct  digital  pressure  or  by  exposing  the  artery  at  a  distance  from 
the  seat  of  injury  and  securing  it  with  a  provisional  traction  loop  by 
which  the  circulation  of  the  artery  may  be  controlled  by  an  assistant. 
Instead  of  the  loop  of  thread,  a  soft  padded  clamp,  on  the  Crile  or  Hoepff- 
ner  pattern,  may  be  adjusted  to  the  artery  as  a  means  of  provisional  con- 
trol of  the  circulation.  After  it  is  evident  that  the  circulation  in  the 
main  trunk  supplying  the  injured  region  is  well  under  control,  a  free 
incision  should  be  made  in  the  long  axis  of  the  swelling,  in  order  to 
evacuate  the  clotted  mass  and  allow  of  free  access  to  the  injured  artery. 
Here  the  judgment  of  the  operator  will  be  taxed  at  times  in  deciding 
upon  the  operative  procedure — whether  to  ligate  and  obliterate  the  vessel 
according  to  classic  rules  or  to  attempt  the  preservation  of  its  lumen 
by  lateral  or  circular  suture.  In  the  upper  extremity,  below  the 
origin  of  the  profunda,  the  risk  of  gangrene  after  ligation  is  so  slight 
that  the  ligature  can  be  applied  to  the  brachial  with  safety.  This 
should  be  done  by  ligating  the  artery  above  and  below  the  tear  or  wound 
and  dividing  or  excising  the  injured  part  between  the  ligatures.  If 
the  circulation  is  well  controlled  on  the  proximal  side  above  the  wound, 
it  may  be  well,  before  tying  the  ligatures,  to  explore  the  vessel  for 
thrombi,  which  may  extend  for  a  considerable  distance  above  and 
below  the  seat,  of  injury,  and  in  this  way  contribute  largely  to  the 
danger  of  peripheral  gangrene  by  obstructing  the  origin  of  important 
collaterals.  This  can  be  done  by  the  use  of  a  spiral-tipped  whale- 
bone guide,  such  as  is  used  for  the  exploration  of  urethral  structures, 
or  a  soft-rubber  catheter,  well  lubricated  with  sterile  vaseline. 

In  the  lower  extremities,  more  especially  in  the  popliteal  region, 
when  the  vein  is  coincidentally  injured  in  crush-wounds,  gangrene  is 
so  certain  to  follow  in  the  peripheral  parts  that,  up  to  very  recent 
times,  the  rule  was  invariable  to  amputate  above  the  knee  at  once 
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without  waiting  for  gangrene  to  develop  for  fear  that  septic  infection 
would  follow,  as  the  gangrene  under  these  circumstances  is  of  the  moist 
and  septic  variety.  At  present  the  rule  is  to  cut  down  upon  the 
injured  vessels  the  moment  it  is  evident  that  they  have  been  injured. 
A  free  incision  is  made  to  the  seat  of  injury,  and  the  operator  must 
decide  between  several  courses — (1)  If  either  vessel  is  in  fair  condi- 
tion and  there  is  only  a  lateral  tear,  after  clearing  out  the  clot 
in  the  lumen,  gentle  saline  irrigation  and  sponging,  perform  a  lateral 
arteriorrhaphy  and  apply  the  same  method  to  the  vein  (lateral 
phleborrhaphy).  (2)  If  either  the  artery  or  vein  is  lacerated  so  as  to 
involve  three-fourths  of  its  circumference,  divide  the  vessel,  clear  out 
the  thrombus,  and  suture  it  by  direct  end-to-end  anastomosis  by  the 
technic  to  be  described  subsequently.  (3)  If  the  vessel  is  so  exten- 
sively damaged  that  a  resection  (arteriectomy)  is  required  exceeding 
three-fourths  of  an  inch  of  the  vessel,  and  it  is  evident  that  the  divided 
ends  cannot  be  approximated  by  any  of  the  methods  of  circular  suture, 
then  a  biterminal  arteriovenous  anastomosis  may  be  established  by  the 
transplantation  of  a  satellite  vein  or  a  section,  e.  g.,  of  the  opposite  sa- 
phenous, according  to  Carrel.  In  view  of  the  certainty  of  mortifica- 
tion of  the  leg  and  foot  in  these  double  injuries,  this  method,  in  spite 
of  its  uncertainty,  may  be  given  a  trial  by  an  operator  who  has  con- 
fidence in  his  technic.  Otherwise,  the  old  plan  of  ligating  each  end  of 
the  divided  vessel  after  clearing  out  the  thrombus  in  both  the  artery 
and  the  vein,  will  undoubtedly  be  the  safest  and  best  practice.  It  is 
barely  possible,  in  young  subjects  especially,  that  by  relieving  the 
perivascular  tension  of  the  popliteal  space,  clearing  out  the  thrombus, 
and  limiting  the  obliteration  of  the  vessel  strictly  to  the  injured  area, 
an  opportunity  will  be  given  to  the  collaterals,  if  any  remain  unin- 
jured, to  carry  blood  to  the  distal  parts  and  save  the  limb,  with  a  mini- 
mum of  peripheral  necrosis. 

When  arterial  obstruction  has  occurred,  without  gangrene  following 
it,  the  limb  should  be  carefully  wrapped  up  and  kept  warm  by  artificial 
means,  and  immobilized  in  a  well-padded  splint  until  the  collateral 
circulation  has  had  time  to  develop.  If  gangrene  has  already  occurred, 
amputation  should  follow  after  the  line  of  demarcation  has  formed. 
When  moist  gangrene  is  threatened,  every  precaution  must  be  taken 
to  prevent  septic  infection  and  putrid  decomposition  by  a  thorough 
application  of  occlusive  antiseptic  dressings.  Should  the  patient  develop 
an  encysted  or  circumscribed  pulsating  hematoma,  then  the  same 
rules  apply  as  in  the  treatment  of  ordinary  traumatic  aneurisms. 

Ligation  of  the  main  trunk  at  a  distance,  to  control  the  bleeding  in 
progressive  extravasations  and  hematoma,  should  always  be  avoided, 
as  it  is  liable  to  be  followed  by  secondary  hemorrhage,  but  this  ligature 
may  be  applied  provisionally,  merely  as  a  traction  loop,  while  the 
arteries  are  exposed  at  the  seat  of  injury  and  ligated,  or  otherwise 
secured  by  the  methods  previously  referred  to. 

Ligations  in  continuity  are  justified  in  exceptional  cases  only, 
as    in    certain  injuries  of    the   neck   and  head,   in   which   it   is    im- 
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possible  to  reach  the  bleeding  branch  without  very  serious  injury  to 
the  surrounding  or  vital  parts.  Ligation  of  the  main  trunk  instead 
of  the  bleeding  branch  is  also  permissible  in  certain  gluteal  injuries 
(often  of  difficult  access  to  the  direct  method  of  ligation);  possibly, 
also,  in  some  visceral  injuries  involving  the  peripheral  branches  of 
contused  and  lacerated  organs  (kidneys,  spleen,  intestines),  in  which 
the  ligature  of  the  main  trunk  is  permissible  as  a  preliminary  to  the 
extirpation  of  the  damaged  organ.  But  even  in  these  exceptional 
cases  every  effort  should  be  made  to  control  the  bleeding  artery  in 
accordance  with  the  golden  rule,  "ligate  at  the  bleeding  point." 
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Treatment  of  Arterial  Wounds.— This  may  be  subdivided  into 
constitutional  and  local,  in  accordance  with  the  general  indications 
presented  by  the  hemorrhage,  which  is  the  fundamental  fact  to  consider 
in  the  treatment  of  wounded  arteries. 

The  constitutional  treatment  of  hemorrhage  and  other  not  strictly 
operative  or  direct  methods  of  dealing  with  the  wound  in  the  artery, 
in  order  to  arrest  the  hemorrhage,  will  be  considered  under  the  section 
on  Hemorrhage.  We  shall,  therefore,  confine  ourselves  in  this  section 
to  the  consideration  of — (1)  Compression;  (2)  f orcipressure ;  (3)  torsion; 
(4)  acupressure;  (5)  ligation;  (6)  suture;  (7)  plastering  (Brewer)  and 
patching  of  arteries  (Carrel,  etc.) ;  (8)  transplantation  of  vessels. 

The  surgeon's  real  weapons  against  hemorrhage  are  forcipressure 
with  the  hemostatic  clamps,  which  are  used  not  only  as  a  direct  means 
of  arresting  bleeding,  but  also  as  a  prophylactic  hemostatic  in  the  daily 
routine  of  surgical  operations;  torsion;  the  ligature  and  the  suture. 
In  the  treatment  of  arterial  wounds  "the  method  of  election  is  the 
ligature:  forcipressure  is  a  method  of  necessity;  and  the  suture  is  the 
ideal  method, "  the  last  method,  at  present,  undergoing  a  rapid  evolution 
and  destined  to  become  very  soon  the  method  of  election  in  dealing 
with  the  clean  wounds  of  the  larger  arterial  trunks.  Grafting  and 
plastering  the  arteries,  by  patching  with  transplanted  grafts  or  with 
adhesive  and  other  extraneous  mechanical  devices,  as  well  as  trans- 
plantation of  vascular  segments,  are  still  in  an  experimental  stage. 

Compression  is  the  readiest,  the  most  effective,  and  logical  of  the 
provisional  or  temporary  hemostatics.  It  may  be  immediate  and 
direct  when  pressure  is  made  at  the  bleeding  point,  e;  g.,  by  pressing 
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with  the  finger  over  the  bleeding  spot  or  by  pinching  the  lips  of  a 
bleeding  vessel  between  the  fingers;  also,  when  an  aseptic  tampon  or 
gauze  pack  is  applied  to  a  bleeding  surface  and  held  firmly  in  position 
until  the  ligature  or  suture  can  be  applied  to  secure  a  permanent  hemo- 
stasis.  Mediate,  indirect  pressure  is  applied  when  digital  or  instru- 
mental compression  is  made  over  the  main  trunk  of  an  artery  which 
gives  origin  to  the  bleeding  vessel.  It  is  applied  at  the  most  accessible 
point  on  the  cardiac  side  of  the  wound.  It  is  often  done  when  the 
injured  and  bleeding  vessel  is  too  near  the  trunk  to  permit  the  applica- 
tion of  the  elastic  circular  constrictor  (Esmarch)  or  when  other  con- 
strictors and  tourniquets  are  inapplicable.  Usually,  immediate  direct 
compression  is  resorted  to  solely  as  a  provisional  hemostatic  measure; 
but  sometimes,  when  there  is  extensive  oozing,  it  is  allowed  to  remain 
in  the  form  of  a  plain  sterile  tampon,  sachet,  or  pack  impregnated  with 
antiseptic  and  styptic  remedies  (compound  alum  powder;  ferripyrin; 
adrenalin  solution;  gelatin  solution,  etc.)  and  packed  firmly  in  a  deep 
open  wound  when  the  bleeding  is,  as  previously  stated,  more  capillary 
or  venous  than  arterial.  In  hemorrhagic  subjects  (hemophilic,  icteric, 
purpuric),  whose  wounds  bleed  and  ooze  obstinately  from  constitutional 
rather  than  local  causes,  this  method  of  compression  with  stypic 
packs  is  also  most  valuable. 

Forcipressure. — To  the  use  of  the  improved  hemostatic  forceps  is 
largely  due  the  enormous  advance  accomplished  in  recent  years  in  the 
technic  of  surgical  operations.  The  hemostatic  forceps,  when  applied 
to  an  artery,  crushes  the  internal  and  middle  coats  of  the  vessel;  the 
external  tunic  resists  and  holds  the  edges  of  the  internal  and  middle 
coats  which  have  been  crushed  by  the  instrument,  and  in  this  way  pre- 
serves to  some  extent  the  continuity  of  the  vessel.  If  the  forceps  is 
allowed  to  remain  in  situ  for  a  minimum  period  of  sixteen  hours,  an 
artery  of  the  caliber  of  the  radial  will  be  permanently  obliterated  with- 
out requiring  other  means  of  hemostatic  control;  if  it  is  allowed  to 
remain  forty-eight  hours,  an  artery  of  the  caliber  of  the  femoral  will 
be  completely  obliterated.  Aseptic  forcipressure  (provided  no  infection 
occurs)  obliterates  the  artery  permanentl)'  by  adhesive  or  plastic  end- 
arteritis, the  vessel  becoming  subsequently  transformed  into  a  fibrous 
cord  at  the  point  where  it  has  been  crushed  by  the  forceps.  If  the 
pressure  is  not  continued  longer  than  an  hour,  a  partial  thrombus  may 
form  at  the  crushed  point — provided  the  vessel  is  of  large  caliber — the 
thrombus  organizing  ultimately,  leaving  the  lumen  pervious.  While 
forcipressure  remains  one  of  the  most  efficient,  ready,  and  satisfactory 
means  of  obtaining  prophylactic  and  actual  hemostasis  in  the  field  of 
the  operation,  the  tendency  is  not  to  utilize  these  as  permanent  hemo- 
static agents  as  freely  and  systematically  as  when  Koeberle,  P£an, 
Richelot,  Segond,  and  their  pupils  first  popularized  them  in  pelvic  and 
vaginal  surgery.  The  compression  of  the  tissues  en  masse — ?•.  e.,  includ- 
ing a  large  amount  of  perivascular  tissue  with  the  blood-vessel — causes 
a  necessary  necrosis  and  pain,  and  a  ligature  which  is  strictly  limited 
to    the   vessels   is   preferable.      Nevertheless,  the   hemostatic   clamps 


SUBCUTANEOUS   INJURIES.  113 

render  inestimable  service  whenever  the  ligature  of  an  almost  inac- 
cessible artery  or  vein  is  difficult  or  impracticable. 

Historical. — Forcipressure,  as  at  present  understood  and  practised,  owes  its 
origin  to  the  advocacy  and  example  of  Koeberle,  of  Strassburg  (1865),  and  to 
P£an  (1867),  who  was  chiefly  instrumental,  by  his  persistent  and  powerful  advo- 
cacy, in  popularizing  this  method  of  hemostasis  throughout  the  surgical  world. 
In  English-speaking  countries  the  influence  of  Sir  Spencer  Wells  was  particularly 
felt  in  advancing  the  propaganda  in  behalf  of  this  method. 

Torsion  and  angiotripsy  are  derivatives  of  forcipressure.  Torsion, 
or  the  twisting  of  arteries,  at  one  time  so  popular,  has  given  way  largely 
to  the  aseptic  absorbable  animal  ligature,  which  accomplishes  the  same 
result  with  greater  certainty  and  without  irritation.  It  is  still  in  con- 
stant use  in  dealing  with  the  smaller  vessels,  but  it  is  no  longer  practised 
on  the  large  arteries.  In  performing  torsion  of  a  large  vessel,  the  end 
should  be  isolated  for  half  an  inch  at  least,  the  isolated  portion  grasped 
transversely  with  a  pair  of  hemostatic  forceps,  and  the  projecting  end 
grasped  in  its  long  axis  with  another  forceps,  which  is  then  twisted  around 
its  axis  until  the  tunics  are  torn  sufficiently  to  form  a  mass  of  shreds, 
strong  and  intricate  enough  to  completely  block  up  the  artery  for  half 
an  inch  above  its  terminus.  On  the  other  hand,  if  a  vessel  can  be 
treated  by  torsion,  it  is  sufficiently  accessible  to  apply  ligature,  which 
is  just  as  quickly  done  and  is  more  reliable.  Torsion  should  never  be 
attempted  on  friable  arteries,  arteriosclerotic  vessels,  or  on  the  visceral 
arteries.  Its  field  of  usefulness  is  now  restricted  almost  entirely  to 
the  small  arteries  and  bleeding  points  encountered  in  the  field  of  the 
operation. 

Angiotripsy  or  vasotripsy,  meaning  the  crushing  of  the  blood- 
vessels by  a  mechanical  device,  is  a  hemostatic  method  which  originated 
with  Maunoir,  in  1820,  who  was  followed  by  Amussat  and  Spier.  These 
older  inventions,  however,  have  little  in  common  with  the  present 
powerful  crushers  introduced  by  Doyen  in  1897,  and  since  modified  by 
a  great  many  imitators.  Doyen's  instruments  (there  are  models  of  dif- 
erent  sizes)  can  apply,  progressively,  a  pressure  of  800-1200  kilos  to  the 
surface  of  the  vessel  held  in  the  bite  of  the  instrument.  This  powerful 
vasotribe  crushes  not  only  the  blood-vessels,  but  all  the  tissues  that  it 
holds  in  its  bite,  completely  transforming  the  histologic  structure  of 
the  part  crushed  into  a  thin,  unrecognizable,  ribbon-like  tissue,  and, 
in  this  way,  with  a  comparatively  little  delay,  large  pedicles,  such 
as  are  found  attached  to  ovarian  tumors  and  the  broad  ligaments,  are 
reduced  to  the  thinness  of  a  semitranslucent,  fine  tissue-paper.  Doyen, 
however,  does  not  recommend  that  his  vasotribe  should  be  used  ex- 
clusively as  a  hemostatic  agent.  He  simply  advocates  this  method  as 
a  means  of  reducing  the  thickness  of  heavy  vascular  pedicles,  broad 
ligaments,  omentum,  the  mesentery,  and  even  to  crush  the  intestines 
as  a  preliminary  to  the  performance  of  enterectomy;  the  advantage 
of  this  reduction  is  that  instead  of  the  large  cumbersome  and  heavy 
vol.  v — 8 
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ligatures  that  would  be  otherwise  required  to  control  the  bleeding,  a 
small  ligature  is  sufficient. 

Hollander  has  recently  invented  a  small  hand  forceps  which,  by 
special  leverage,  greatly  multiplies  the  crushing  power  of  the  ordinary 
hemostat  without  materially  increasing  its  size.  It  is  intended  as  a 
substitute  for  the  torsion  or  ligature  of  the  smaller  bleeding  points. 


Fig.  35. — Downes'  Anqiotrire  in  Operation.     (Kelly-Hurdon.) 
The  base  of  the  appendix  is  converted  into  a  flat,  translucent  cord  by  Downes'  electrothermic 
angiotribe.     The  right-hand  figure  shows  the  appearance  of  the  tissues,  the  meso-appendix  divided 
and  the  appendix  about  to  be  amputated  in  the  direction  of  the  arrow,  as  shown  by  the  left-hand 
lower  figure. 

Electrothermic  Angiotripsy. — The  principle  of  combining  galvano- 
cauterization  with  a  crushing  of  the  blood-vessels  with  forceps  was  first 
successfully  applied  by  Skene,  of  Brooklyn,  N.  Y.  He  was  inspired  by 
the  results  obtained  by  the  elder  Keith,  of  Edinburgh,  who  systemat- 
ically applied  cauterization  with  the  actual  cautery  or  hot  iron  to  the 
pedicle  of  ovarian  tumors,  after  crushing  and  ligating  them.  Skene 
contended,  with  very  convincing  statistics,  that  the  combination  of 
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cauterization  with  pressure  was  not  only  a  very  effective  substitute  for 
the  ligature  as  a  hemostatic  agent,  but  that  it  was  far  more  efficient  than 
any  other  method  in  preventing  local  recurrence  after  hysterectomy  for 
cancer  of  the  uterus. 

This  method,  however,  has  been  brought  to  the  greatest  degree  of 
efficiency  by  Downes,  of  Philadelphia.  His  method  has  found  many 
strong  advocates,  among  them  C.  P.  Noble,  Howard  Kelly,  and  J.  W. 
Bov6e,  the  latter  having  reported  in  1905  203  abdominal  and  27  vagi- 
nal operations,  in  which  Downes'  apparatus  had  been  applied  as  a 
preventive  hemostatic.  The  essential  elements  of  the  electrothermic 
method  of  Downes  are:  first,  and  of  the  greatest  importance,  pressure 
and  heat.  The  angiotribe  is  applied  to  the  tissues,  to  be  "hemos- 
tased,"  and  the  compressed  ribbon  thus  formed  is  rapidly  submitted 
to  a  temperature  of  not  under  212°  F.,  thus  coagulating  and  agglu- 
tinating, under  pressure,  its  albuminous  constituents.  In  addition,  the 
heat  travels  a  short  distance  beyond  the  area  compressed  into  the 
adjacent  tissue,  and  causes  a  shriveling  of  the  intima  of  the  blood- 
vessel, leading  beyond  the  ribbon.  Clotting,  therefore,  occurs  a  con- 
siderable distance  beyond  the  ribbon.  In  this  instrument,  the  heating 
medium  is  an  insulating  ribbon  of  iridoplatinum,  which  becomes  red 
hot  or  even  white  hot  by  the  resistance  it  offers  to  the  passage  of 
a  suitable  electric  current.  Bov6e,  after  a  most  extensive  trial,  gives 
it  his  unqualified  indorsement  in  vaginal  and  suprapubic  hysterectomy, 
appendectomy,  ovariotomy,  intestinal  resection,  nephrectomy,  sple- 
nectomy, etc.  The  disadvantages  of  the  method  are  the  degree  of 
accidental  injury  of  adjacent  organs  in  the  pelvis  by  excessive  heat, 
the  necessity  of  great  precision  in  its  employment  to  avoid  this  excess 
of  burning,  and  also  the  care  constantly  required  to  keep  the  apparatus 
in  good  working  order.  In  the  230  cases  reported  by  Bovee  he  had 
two  hemorrhages,  not  imputable,  however,  to  the  method.  The  in- 
strument is  now  used  in  many  of  the  clinics  of  this  country  to  meet 
special  indications. 

The  Ligature. — The  ligature  is  mentioned  by  Celeus  and  Antyllus,  by  Paulus 
Aeginetus,  by  the  Arabian,  Avicenna,  in  908,  and  by  others.  After  this  early  period 
nothing  more  is  heard  of  the  ligature  until  it  was  brought  to  light  by  Parens  practical 
genius  (1507-90).  It  was  only  through  his  dominant  personality  and  untiring  zeal 
that  the  ligature  gradually  found  its  way  into  professional  favor  and  displaced  the 
barbarous  treatment  of  hemorrhage  by  pouring  boiling  oil  and  cauterizing  the  blood- 
vessels with  a  hot  iron,  which  was  in  vogue  up  to  that  time.  The  application  of  the 
ligature  became  more  intelligible,  and  its  applications  were  expanded  by  the  mo- 
mentous demonstration  of  the  circulation  of  the  blood  by  Harvey  (1616).  It  was 
launched  with  still  greater  impetus  by  the  genius  of  Hunter  and  the  brilliant  galaxy 
of  men — Jones,  Travers,  Abernethy,  Sir  Astley  Cooper,  Beclard,  Scarpa,  Porter, 
Desault,  Dupuytren,  Anel,  and  so  many  others  whose  names  still  remain  as  monu- 
ments to  the  ceaseless  surgical  activity  of  the  latter  part  of  the  eighteenth  and 
earlier  part  of  the  nineteenth  centuries.  Finally  came  the  Listerian  discovery,  which 
thirty-five  years  ago  gave  us  the  aseptic  absorbable  ligature.  This  has  been  pro- 
gressively improved  into  its  present  practically  finished  form,  and  has  made  possible 
not  only  the  advances  of  surgery  in  all  its  new  and  vast  possessions  but  also  the 
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finer  technic  of  the  aseptic  suture  of  the  blood-vessels  as  the  latest  expression  of 
its  highest  evolution. 

Action  of  the  Ligature  ;  Healing  of  Arteries  after  Ligation  ;  Fate  of 
the  Ligature. — The  main  facts  involved  in  the  application  of  the  ligature, 
including  the  process  of  cicatrization  in  an  artery  after  aseptic  ligation, 
may  be  summarized  in  the  following  propositions:  (1)  The  essential 
factor  in  the  obliteration  of  a  ligated  artery  is  the  proliferation  of  the 
endothelium  of  the  intima;  the  embryonal  cells  resulting  from  the  mul- 
tiplication of  the  connective-tissue  cells  of  the  two  outer  tunics  and 
those  of  the  endothelium  (fibroblasts)  and  plasma  cells,  uniting  to  form 
a  typical  granulation  tissue  which  is  vascularized  by  the  angioblasts 
from  the  vasa  vasorum,  as  well  as  from  the  endothelium.  When  this 
granulation  tissue  matures,  a  permanent  cicatrix  is  formed  which  oblit- 
erates the  artery.  (2)  The  clot  or  thrombus  formed  at  the  seat  of 
ligature  may  appear  one  hour  after  the  ligation  and  is  not  likely  to  be 
delayed  beyond  six  hours.  The  more  aseptic  the  ligation  and  the  less 
the  traumatism  to  the  coats  of  the  vessels,  the  smaller  the  clot  and  the 
longer  will  it  take  to  form.  In  the  small  vessels,  the  coagulation  takes 
place  up  to  the  nearest  collateral  branch.     In  the  larger  vessels  this 
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Fxa.  36. — The  Innominate  Artery  Tied  with         Fio.  37. — The  Common  Femoral  Artert 
Stat  Knots.     (Ballanoe  and  Edmunds.)  Tied  with  a  Stay  Knot.      (Ballance 

and  Edmunds.) 

varies.  The  proximal  clot  is  generally  the  larger.  Immediately 
above  the  ligature  an  apparent  dilatation  is  observed  (the  ampulla  of 
Bryant)  due  to  the  presence  of  the  clot  and  the  constriction  of  the 
vessel  above  it  (J.  Collins  Warren).  The  clot  does  not  distend  the  ves- 
sel; it  fits  the  tube  loosely,  and  a  space  frequently  exists  between  the 
clot  and  the  vessel-wall  (Fowler).  (3)  The  organization  of  the  clot 
by  the  embryonal  cells  of  the  endothelium  after  ligation  is  but  another 
illustration  of  the  general  law  which  underlies  all  vascular  repair. 
Thrombi,  wherever  formed,  whether  in  the  blood-vessels,  in  the  heart 
chambers,  in  the  loose  connective-tissue  spaces  (hematomata),  or  in 
the  adventitial  sacs  of  traumatic  aneurisms,  are  all  organized — i.  e.,  are 
transformed  into  fibrous  masses  by  the  substitution  of  a  living  em- 
bryonal connective  tissue — in  place  of  the  passive  coagulum,  after  this 
has  subserved  its  protective  function.  (4)  In  normal  arteries  and  in 
aseptic  conditions  complete  obliteration  may  take  place  without  the 
appreciable  formation  of  clot  if  care  is  taken  not  to  injure  the  intima 
or  media.  Practically,  however,  even  in  conditions  of  absolute  asepsis, 
the  formation  of  a  thrombus  at  the  seat  of  ligature  is  unavoidable,  but 
it  will  become  an  insignificant  element  in  the  process  if  the  vessel  coats 
are  not  injured  and  pyogenic  microorganisms  are  avoided.  (5)  The 
leukocytes  and  other  formed  elements  of  the  blood  play  no  part  in  the 
organization  of  a  clot,  as  was  formerly  taught  by  Virchow  and  others, 
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but  become  very  active  factors  in  its  disintegration,  whenever  an  in- 
fected ligature  is  used  and  the  thrombus  is  invaded  by  bacteria. 
(6)  When  infected  ligatures  are  used,  a  septic  pan-arteritis  is  developed 
which  is  quickly  propagated  to  the  endothelium.  The  presence  of 
bacterial  toxins  is  immediately  followed  by  an  enormous  invasion  of 
polynuclear  leukocytes;  a  thrombo-arteritis  is  established,  which  leads, 
first,  to  an  extension  of  thrombus  in  the  vessel  and  then  to  its  rapid 
disintegration  and  purulent  liquefaction.  The  ligature,  then,  acts  not 
only  as  a  foreign  body,  but  as  an  irritant;  all  the  reparative  processes 
in  the  vessel-wall  are  arrested;  the  ligature  ulcerates  its  way  through 
and  is  cast  off  with  the  pus.  Finally,  the  soft  puruloid  thrombus, 
unable  to  resist  the  pressure  of  the  blood-column,  is  forced  out  and 
secondary  hemorrhage  occurs.  (7)  In  applying  a  ligature  in  continuity, 
sufficient  force  should  be  used  to  obliterate  the  lumen  with  a  minimum 
of  injury  to  the  vessel-wall.-  Obliteration  of  the  great  arteries  of  the 
first  magnitude  may  be  obtained  without  rupturing  the  middle  and 
inner  coats  of  the  vessel  by  occluding  the  artery  with  as  broad  an 
approximation  of  the  endothelial  surfaces  as  possible.  This  is  obtained 
by  adopting  the  double  or  treble  stay  knots  recommended  by  Bal- 
lance  and  Edmunds  (see  chapter  on  Ligation  of  Arteries).  In  the 
aseptic  ligation  of  the  smaller  arteries  the  laceration  of  their  coats  is 
not  only  an  unavoidable,  but  a  safe  practice.  (8)  While  in  the  aseptic 
ligation  of  arteries  the  detachment  of  the  vessels  from  their  sheath  is 
not  necessarily  attended  by  serious  nutritive  disturbances  in  conse- 
quence of  injury  to  the  vasa  vasorum,  it  is  always  preferable  to  de- 
tach the  sheath  no  more  than  is  necessary  for  the  proper  application 
of  the  ligature.  (9)  The  fate  of  the  ligature  depends  largely  upon  the 
material  used  and  the  conditions  in  which  it  is  applied.  The  fate  of 
an  aseptic  ligature  made  of  an  organic  material  (catgut,  tendon,  silk, 
etc.)  is  to  become  encysted  and  then  absorbed;  even  silver,  lead,  iron, 
and  other  metallic  sutures  become  ultimately  absorbed;  only  gold  or 
platinum  appear  to  be  the  exceptions.  All  ligature  materials  of  animal 
origin  at  present  in  use  are  ultimately  disintegrated  by  phagocytic  cells. 

(10)  The  preferred  material  for  the  ligation  of  arteries  is  catgut  or 
silk.  Silk  remains  encysted  in  the  tissues  for  a  practically  indefinite 
length  of  time,  and  catgut  is  absorbed  in  a  variable  time,  according  to 
its  size  and  mode  of  preparation.  For  the  various  methods  of  its 
preparation,  see  p.  598. 

In  the  suture  of  arteries,  as  we  shall  see  later,  silk  or  linen  is  necessary, 
because  the  very  fine  needles  used  for  this  delicate  work  cannot  be 
threaded  with  any  form  of  catgut. 

(11)  If  the  ligature  has  not  been  tied  with  sufficient  firmness, 
or  if  the  knot  has  slipped,  or  there  is  too  rapid  softening  of  the  liga- 
ture, the  circulation  through  the  vessel  may  become  reestablished. 
Again,  it  may  happen  that  a  diaphragm  is  formed  at  the  seat  of  constric- 
tion with  a  perforation  in  its  center,  which  will  allow  the  reestab- 
lishment  of  the  circulation  through  the  strictured  vessel  (Ballance  and 
Edmunds). 
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(12)  The  collateral  circulation  by  which  the  peripheral  parts  are 
nourished  after  the  occlusion  of  a  large  regional  artery  by  a  ligature  or 
a  thrombus,  is  dependent  for  its  development  upon  several  factors, 
some  of  which  have  not  been  fully  accepted  by  all  pathologists:  (1) 
Reactionary  afflux  of  blood  in  the  ischemic  or  vascular  territories  and 
organs  resulting  from  a  stimulation  of  the  blood  sense  (blood  hunger) 
of  the  tissues  deprived  of  blood.  The  cry  for  pabulum  on  the  part  of  the 
fasting  tissues  is  responded  to  by  the  nervous  system  in  the  form  of 
a  vascular  reaction  (vasodilator)  which  leads  to  an  immediate  dilatation 
in  the  unobstructed  arterioles  adjacent  to  the  blocked  vessel.  The 
hyperemia  immediately  following  the  removal  of  an  Esmarch  bandage 
applied  to  a  limb  illustrates  this  theory  or  principle  (A.  Bier's  theory). 

(2)  The  unobstructed  arteries  in 
the  vicinity  of  the  ischemic  territory 
not  only  dilate  actively  (vasomotor 
dilatation),  but  force  the  blood  to- 
ward the  distal  parts  by  automatic 
rhythmic  contraction  of  the  mus- 
cularis  of  the  media  which  acts  in- 
dependently of  the  heart.  (3)  The 
obstruction  of  the  main  artery  of  a 
region  by  ligation  or  otherwise  will 
increase  the  general  arterial  pres- 
sure above  the  obstruction  propor- 
tionally to  the  cross-section  of  the 
area  cut  off  from  the  general  cir- 
culation. Thus  the  general  blood- 
pressure  will  increase  in  an  as- 
cending ratio  as  the  caliber  of  the 
ligated  arteries  increases,  reaching 
its  maximum  when  the  abdominal  or 
thoracic  aorta  is  ligated  or  suddenly 
obliterated  ;  the  systolic  work  of 
the  heart  increasing  proportionally 
with  compensatory  hypertrophy  or 
ending  in  fatal  progressive  dilata- 
tion from  overstrain  (Katzenstein's  theory).  (4)  By  these  combined 
factors  the  collateral  vessels  adjacent  to  the  obstructed  artery  are 
rapidly  dilated  and  thickened  (hypertrophied).  With  the  gradual  dilata- 
tion and  increased  pressure  brought  to  bear  upon  the  vessels  on  the  prox- 
imal side  of  the  obstruction,  the  peripheral  resistance  also  diminishes. 
This  continues  until  the  sum  of  the  cross-section  of  the  collaterals  equals 
that  of  the  suppressed  artery,  the  peripheral  parts  again  receiving  as 
much  arterial  blood  as  before  the  obstruction  occurred.  (5)  The 
circulation  may  also  be  reestablished  in  the  ligated  trunk  below  the 
ligature  by  (a)  direct  continuation  of  the  blood-stream  in  the  proxi- 
mal and  distal  branches,  (b)  by  the  reopening  of  the  lumen  of  the 
vessel   at  the  point  of  constriction,  owing  to  the  yielding  of  a  thin 
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cicatrix;  (c)  in  cases  of  thrombotic  occlusion,  by  the  canalization  of 
the  clot. 

Causes  which  Interfere  with  the  Establishment  of  the  Collateral  Circula- 
tion.— (1)  Traumatic  or  mechanical  damage  to  the  tissues  of  the 
region  involved  as  a  whole,  including  the  branches  of  the  obstructed 
artery,  as  in  railroad  and  other  injuries  which  crush  limbs  transversely 
to  their  long  axis.  (2)  Interstitial  compression  and  occlusion  of  the 
collateral  branches  of  the  main  trunk  by  extensive  diffuse  extravasa- 
tions or  hematomas.  (3)  Diseases  of  the  arteries — arteriosclerosis  and 
arteritis — which  prevent  their  dilatation  and  adaptation  to  the  demands 
of  the  altered  circulation;  (4)  coincident  obstruction  of  the  satellite 
veins  and  lymphatics,  thus  favoring  stasis  in  the  peripheral  circulation* 
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Rules  for  the  Ligation  of  Wounded  Arteries. — A  series  of  rules 
or  guiding  principles  known  as  the  "golden  rules"  for  the  ligation  of 
bleeding  arteries  have  been  formulated  and  are  classical  in  English 
surgical  text-book  literature  since  the  days  of  Guthrie,  when  the  emer- 
gencies of  military  surgery,  as  they  arose  in  the  great  Napoleonic 
campaigns,  made  their  value  as  practical  guides  to  the  operating 
surgeon  most  apparent.  These  rules  have  been  more  or  less  modified 
by  the  gradual  development  of  surgical  technic,  but,  in  spite  of  their 
antiquity,  still  remain  unaffected  in  their  essential  value,  except  in  a 
few  notable  instances  which  we  shall  indicate  in  our  commentaries. 
These  rules  were  admirably  summarized  by  Dr.  John  B.  Roberts  in 
his  Text-book  of  Surgery,  published  in  1890,  and  I  shall  quote  them  in 
full  with  the  additions  and  commentaries  that  have  suggested  them- 
selves to  me  as  necessary  in  order  to  adapt  them  to  the  progress  of 
contemporary  surgery. 

I.  "  In  cases  of  primary  hemorrhage  do  not  ligate  arteries  which  are 
not  actually  bleeding  at  the  time,  but  have  the  patient  carefully  watched.9' 

"Reasons  for  this  Rule. — (1)  It  is  very  possible  that  bleeding  has 
ceased  permanently.     (2)  It  is  difficult  to  be  sure  of  the  artery  from 
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which  the  bleeding  came.      (3)  All  manipulations  in  wounds  are  to  be 
avoided,   unless  demanded  by  special    conditions." 

"Exceptions  to  this  Rule. — (1)  When  the  injured  vessel  is  plainly 
seen  pulsating  in  the  wound.  (2)  When  the  occurrence  of  very  slight 
recurrent  or  secondary  hemorrhage  would  be  disastrous — as  in  a  very 
anemic  patient.  (3)  When,  as  in  transportation,  the  patient  will  neces- 
sarily be  removed  from  surgical  scrutiny." 

[Commentaries. — (a)  In  military  practice  the  rule  of  non-interference  is  observed 
even  when  a  large  hematoma  or  diffuse  extravasation  follows  a  gunshot  or  other 
deep  injury,  and  is  associated  with  characteristic  bruit  (von  Wahl)  and  other 
evidences  of  wound  of  an  important  artery.  These  hemorrhagic  accumula- 
tions should  not  be  opened  and  the  artery  ligated  unless  the  hematoma  is  distinctly- 
progressive  and  diffused.  If  the  hematoma  remains  well  defined,  it  is  the  better 
practice,  after  applying  a  supporting,  occlusive  and  immobilizing  dressing,  to  send 
such  patients  to  the  reserve  hospitals,  where  they  can  be  treated  as  traumatic 
aneurisms  with  far  less  risk  of  infection  and  gangrene  than  in  the  field  hospitals. 

(6)  In  civil  practice,  when  all  the  conditions  for  a  good  aseptic  technic  are  avail- 
able, all  such  arterial  or  pulsating  hematomas,  even  though  stationary  and  well 
defined,  should  be  opened,  the  clot  removed,  and  the  artery  secured  by  ligature  or 
suture  at  the  wounded  point.  When  there  is  evidence  that  a  profuse  arterial  hemor- 
rhage has  taken  place,  the  bleeding  artery  should  be  exposed,  ligated,  or  otherwise 
secured  (sutured,  if  possible)  after  the  patient  has  rallied.  In  the  pre-antiseptic 
period  this  practice  would  not  have  been  justified.— R.  M.] 

II.  "  In  cases  of  primary  and  secondary  hemorrhage,  the  ligature  should 
be  applied  when  practicable  in  the  wound,  at  the  point  where  the  artery 
bleeds  and  not  in  the  continuity  of  the  vessel.11 

11  Reasons  for  this  Rule. — (1)  It  is  frequently  impossible  to  know 
which  artery  is  injured  until  the  wound  is  opened.  (2)  Secondary 
hemorrhage  may  occur  after  ligation  in  continuity  from  the  establish- 
ment of  the  collateral  circulation.  This  secondary  bleeding  may  come 
even  from  the  proximal  end  of  the  cut  vessel,  if  a  branch  of  consider- 
able size  is  given  off  between  the  wound  and  the  point  of  ligation. 
(3)  Ligation  in  continuity  makes  a  second  wound,  and  adds  the  possi- 
ble complication  of  this  wound  to  the  patient's  original  danger  and 
increases  the  chances  of  gangrene  in  the  periphery. —  [R.  M.]  (4)  Liga- 
tion in  continuity  remains,  as  a  reserve  step,  still  possible,  if  ligation 
in  the  wound  fails. M 

"  Exception  to  this  Rule — None/' 

[Commentary.— Since  this  rule  was  first  established  by  the  military  obser- 
vations of  Guthrie  and  Larrey,  the  experience  of  over  a  century  has  only  served  to 
emphasize  the  soundness  of  this  Golden  Rule.— R.  M.] 

III.  "If  the  artery  is  completely  severed,  both  ends  should  be  tied;  if  it  is 
partly  divided  or  punctured,  a  ligature  should  be  applied  to  the  vessel  on 
each  side  of  such  a  wound,  and  the  artery  divided  between  them.11 

"Reasons  for  this  Rule. — The  collateral  circulation  will  probably  cause 
secondary  hemorrhage  from  the  distal  portion  of  the  vessel,  unless 
double  ligature  be  adopted." 
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"Exception  to  this  Rule. — When  the  distal  end  cannot  be  found, 
pressure  should  be  made  in  its  vicinity." 

[Commentary. — When  the  cut  edges  are  sound  (as  in  incised  wounds)  and 
the  wound  is  longitudinal  or  oblique,  and  does  not  involve  more  than  two-thirds  of 
the  circumference  of  the  vessel,  and  there  is  no  infection,  the  attempt  should  be 
made  to  close  the  wound  in  the  vessel  by  lateral  suture  without  obliterating  its 
lumen.  When  the  artery  is  of  the  first  magnitude  and  when  its  obliteration  may 
lead  to  gangrene,  as  in  the  femoral  or  the  popliteal,  even  when  the  vessel  is  com- 
pletely divided,  an  attempt  should  be  made  to  restore  its  continuity  by  end-to-end 
anastomosis  and  thus  restore  the  circulation  in  the  main  trunk.  The  importance 
of  this  recommendation  in  cases  of  the  joint  injury  of  both  artery  and  vein  is  still 
more  evident.  Extensively  crushed,  contused,  and  lacerated  vessels  are  not  fit 
for  suture,  but  may  be  resected  and  made  amenable  to  other  methods  of  restoring 
their  continuity.  Venous  grafting  or  arteriovenous  anastomoses  are  methods  which 
are  too  experimental  at  the  present  time  to  justify  their  recommendation  as  rules  of 
practice. — R.  M.] 

IV.  "If  a  large  artery  is  wounded  near  its  origin,  tie  it  below  the  wound 
and  tie  the  trunk  from  which  it  arises,  both  above  and  below  the  point  of  origin 
of  the  branch.  If  a  trunk  is  wounded  near  the  origin  of  a  large  branch,  tie 
the  parent  trunk  with  two  ligatures  in  the  ordinary  manner  and  apply  a 
third  ligature  to  the  branch." 

"  Reasons  for  this  Rule. — The  force  of  a  large  current  of  blood,  near 
the  internal  coagulum,  may  lead  to  its  displacement  and  cause  secondary 
hemorrhage  when  a  silk  ligature  causes  ulceration  of  the  external  coat 
or  a  catgut  or  flat  ligature  is  absorbed." 

[Commentary. — In  all  cases  in  which  the  obliteration  of  the  main  trunk  or 
branch  may  lead  to  serious  circulatory  disturbances  in  the  distal  parts  (carotid, 
iliac,  femoral,  popliteal)  the  wound  should  be  sutured,  if  it  be  on  the  trunk,  and 
the  adjoining  collateral,  next  to  the  wound,  ligated.  If  the  injury  involves  the 
collateral  close  to  the  main  trunk,  the  collateral  should  be  tied  on  each  side  of  the 
wound  and  divided  between  ligatures,  without  ligating  the  main  trunk.  If  the  wound 
involves  the  branch  too  near  the  trunk  to  permit  of  ligature,  instead  of  ligating  it 
and  the  main  trunk  (as  the  rule  commands),  the  collateral  should  be  completely 
detached  and  the  wound  of  the  main  trunk  sutured,  while  a  ligature  on  the 
branch  will  prevent  collateral  hemorrhage  on  the  peripheral  side.  This  old 
rule  should  still  apply  only  in  those  violent  traumatisms  in  which  it  is  impossible 
to  restore  the  continuity  of  the  main  trunk  by  any  mode  of  suture.  The  rule  was 
established  as  a  result  of  the  old  experience  with  the  septic  ligature,  when  the  thread 
was  expected  to  be  eliminated  by  ulceration;  it  was  also  very  proper  in  the  days 
when  the  obliteration  of  the  ligated  artery  was  wholly  dependent  upon  the  organiza- 
tion of  the  thrombus;  and  when  suppuration  and  secondary  hemorrhage  were  the 
rule  and  not  the  exception.  At  present,  when  the  ligature  does  not  ulcerate  through 
the  artery  and  obliteration  is  obtained  by  adhesive  or  plastic  proliferation  of  the 
intima,  and  when  primary  union  is  the  rule  and  not  the  exception,  it  is  no  longer 
mandatory.  It  still  holds  good,  however,  in  all  septic  and  suppurative  wounds  in 
which  infection  of  the  lateral  ligature  or  suture  is  unavoidable. — R.  M.] 

V.  "Only  when  it  is  impossible  or  impracticable  to  tie  the  vessel  in  the 
wound,  as  in  deep  injuries  of  the  neck,  head,  and  pelvic  vessels  (gluteal  and 
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sciatic),  is  ligature  in  continuity  permissible  " — e.  g.,  ligature  of  internal 
iliac  for  gluteal  injuries;  of  external  carotid  for  tonsillar  hemorrhage. 

[Commentary. — Never  ligate  the  main  trunk  of  an  artery  for  the  control  of 
hemorrhage  at  a  distance,  when  the  branch  that  directly  supplies  the  bleeding  region 
can  be  secured.  This  applies  to  all  the  large  arteries,  but  particularly  to  the  com- 
mon carotid,  which  is  often  Hgated  for  tonsillar,  maxillary,  lingual,  and  other  hemor- 
rhages which  could  be  controlled  by  the  ligation  of  the  external  carotid,  thereby 
avoiding  the  dangers  of  secondary  cerebral  degenerative  disturbances,  especially 
in  arteriosclerotic  and  aged  subjects. — R.  M.] 

VI.  "  Always  ligate  the  main  trunk  of  an  artery  at  a  distance  from  the 
nearest  collateral  when  given  off  at  a  bifurcation.17 
Example. — External  carotid. 

[Commentary. — For  reasons  given  in  Rule  IV.  this  old  precept  does  not  hold 
at  present  when  the  ligature  is  applied  to  a  main  trunk  in  aseptic  operations, 
as  the  presence  of  a  collateral  branch  in  the  neighborhood  of  an  aseptic 
ligature  does  not  increase  the  risk  of  secondary  hemorrhage  if  primary  union 
takes  place.  On  the  other  hand,  while  it  is  true  that  an  aseptic  ligature  can 
be  applied  on  a  collateral  branch  close  to  the  main  trunk  without  incurring 
any  risk  of  secondary  hemorrhage,  it  is,  nevertheless,  quite  possible  (when  the 
ligature  is  applied  close  to  the  bifurcation  of  a  large  artery)  for  the  thrombus 
to  be  detached  from  the  ligated  artery  and  be  swept  into  the  adjoining  artery 
with  disastrous  consequences  to  the  distal  parts.  This  is  particularly  true  of 
ligatures  placed  on  the  external  carotid,  close  to  the  bifurcation.  Here  a  clot 
will  form  sometimes  immediately  after  the  ligation,  and,  in  spite  of  the  most 
perfect  asepsis,  be  swept  to  the  circle  of  Willis,  with  the  immediate  development 
of  hemiplegia,  aphasia,  or  other  cerebral  disturbances.  It  is  also  possible  that 
in  applying  a  ligature  to  the  profunda,  close  to  its  origin,  the  superficial 
femoral  may  be  blocked  by  an  embolus.— R.  M.] 

Provisional  ligatures  for  temporary  hemostasis  have  been  tried 
experimentally  and  clinically  with  various  materials  {silk,  catgut, 
elastic  bands),  with  the  object  of  controlling  the  peripheral  circulation 
and  securing  a  bloodless  field,  as  well  as  of  minimizing  the  loss  of  blood; 
also  with  the  view  of  preventing  the  entrance  of  blood  into  the  air- 
passages,  which  is  a  frequent  cause  of  post-operative  pneumonia.  The 
carotids,  iliacs,  femorals,  the  aorta,  and  subclavians  have  been  the 
vessels  especially  thought  of  for  this  purpose,  as  circular  constriction 
with  a  tourniquet  is  impracticable  for  prophylactic  hemostasis  in  these 
regions. 

Technic  for  Provisional  Ligature. — After  exposing  the  artery  by  a 
typical  incision  the  ligature  is  passed  and  the  vessel  tied  with  just 
sufficient  firmness  to  insure  the  occlusion  of  the  lumen  without  injur- 
ing the  intima.  Bothezat,  Bougie,  and  Faure  (who  applied  a  pro- 
visional elastic  ligature  to  the  aorta  to  control  peripheral  circulation 
while  performing  an  inter-ilio-abdominal  amputation)  have  especially 
studied  this  question  in  France;  Schoenborn,  Senger,  Riese,  in  Ger- 
many; and  the  conclusions  arrived  at  are  that  the  temporary  ligation 
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of  the  vessels  is  permissible  on  condition  that  the  ligature  be  tied  with 
just  enough  force  to  secure  the  obliteration  of  the  lumen  without 
injury  to  the  tunics  of  the  vessel.  Even  under  these  conditions  the 
constriction  is  not  to  be  prolonged  more  than  one  hour  and  preferably 
less  (BouglS).  The  pressure  obtained  by  the  elastic  ligature  is  cumula- 
tive and  liable,  therefore,  to  do  more  harm  than  the  silk  or  catgut  liga- 
ture. Mediate,  provisional  ligature,  as  originally  practised  by  Coselli 
and  others,  consists  in  tying  a  ligature  over  a  gauze  pad  which  protects 
the  artery  partially  from  the  direct  action  of  the  ligature. 

Temporary  obliteration  of  the  lumen  of  a  vessel  by  angular  traction 
with  a  silk  or  catgut  loop  passed  under  the  vessel  and  held  in  the  bite 
of  a  forceps  or  by  the  hand  of  an  assistant  is  a  far  safer  procedure  and 
has  been  used  more  often,  probably,  than  any  other  method  of  direct 
provisional  hemostasis.  This  method  and  all  the  others  mentioned  are 
uncertain  in  their  effects  upon  the  coats  of  the  vessel.  The  exact  degree 
of  constriction  depends  largely  upon  the  judgment  of  the  individual 
operator,  and  if  a  traction  loop  is  used  the  pressure  is  likely  to  be  vari- 
able. In  moments  of  alarm  the  assistant  may  pull  up  the  vessel  with  a 
degree  of  tension  that  will  be  permanently  resented  by  the  tissues,  and, 
as  is  known  to  me  personally,  predispose  to  the  development  of  aneur- 
ism in  favorable  subjects  at  the  seat  of  the  traction. 

The  method  of  direct  instrumental  compression  with  finely  adjustable 
clamps  is  a  safer  procedure,  as  it  is  less  dependent  upon  the  variable 
personal  equation  of  the  operator  or  of  his  assistants. 

Temporary  Instrumental  Compression  for  Prophylactic  Hemo- 
stasis.— For  this  purpose  a  number  of  adjustable  clamps  have  been 
devised,  of  which,  perhaps,  the  best  models  are  Crile's,  AleggianFs, 
Hoepfner's,  Pozzili's,  and  the  serreplats  of  Langenbeck,  which  have 
served  such  good  purpose  in  the  hand  of  Murphy  and  Carrel.  I  also 
have  devised  a  clamp  for  temporary  compression  of  the  main  trunk 
above  and  below  an  aneurism,  with  a  view  of  controlling  not  only  the 
main  trunk,  but  the  more  important  collaterals  that  are  given  in  the 
vicinity  of  the  pole  of  the  sac.  This  special  clamp,  somewhat  like  a 
forceps  described  by  Gliick  thirty-five  years  ago,  will  be  referred  to 
again  in  connection  with  the  treatment  of  aneurism. 

A  number  of  arterial  compressors  have  been  devised  for  the  mediate 
compression  of  some  of  the  larger  arteries,  more  especially  the  aorta 
(Erichsen's,  Skey's,  Signoroni's,  etc.),  and  also  for  direct  (intraperito- 
neal) compression  of  the  aorta  in  controlling  the  circulation  of  the 
vessel  for  the  cure  of  aneurism — e.  g.,  Keen's  aortic  compressor.  But 
the  object  that  we  have  in  view  at  present  is  the  direct  compression 
of  an  artery  exposed  and  isolated  by  dissection  with  a  suitable  me- 
chanical device,  which  will  temporarily  interrupt  its  peripheral  circu- 
lation. The  effect  of  occlusion  of  the  vessels  has  been  recently  studied 
by  Crile.  In  his  experiments  he  used  the  clamp  (Fig.  39),  which  he 
devised  for  the  purpose  and  which  he  applied  especially  to  the  control 
of  the  carotid  areas.  The  immediate  effect  on  the  circulation  of  tem- 
porarily closing  one  carotid  artery  was  to  increase  the  general  blood- 
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pressure,  but  compensation  soon  followed.  There  was  no  effect  on 
respiration.  Simultaneous  closure  of  both  common  carotids  causes 
greater  rise  in  the  blood-pressure,  which  gradually  returns  to  normal. 
In  some  experiments  the  clamps  were  allowed  to  remain  on  the  carotids 
until  the  wounds  healed,  the  wounds  healing  aseptically  as  in  normal 

conditions.  Even  after  twenty- 
four  hours  of  complete  closure  no 
apparent  damage  was  done  to  the 
vessel-wall.  If  the  carotid  wound 
became  infected,  then  serious  dam- 
age to  the  vessel  resulted.  In  no 
case  was  there  clotting,  emboli,  or 
thrombi. 

Intermediate  Ligation  or  Su- 
ture (Ligature  or  Suture  en  masse). — 
This  designation  was  originally  ap- 
plied to  the  ligation  of  a  large  arterial 
trunk  with  all  the  surrounding  parts, 
when  it  was  not  easy  to  isolate  the 
™_    nn  .  „        «  ^  ™_       vessel.     It  was  simply  a  relic  of  the 

Fio.  39.— 1,  Chile's  Clamp;  2,  Rubber  Tub-  .     J      .      .       -,,       ,  -.      , 

ing  for  Slipping  over  the  Ends  of  the     crude  techmc  of  the  days  of  Ambroise 

Clamps;  3,  Clamps  Applied  to  Artery.       r>      x  l  •  ax* 

(Fowler.)  rare,    who,    even    in    amputation 

stumps,  would  include  nerves  as  well 
as  other  structures  in  his  large  coarse  ligatures.  At  the  present  time 
the  ligature  of  the  tissues  en  masse  is  always  avoided,  but  in  its  place 
the  aseptic  absorbable  catgut  suture  is  used  to  control  parenchymatous 
oozing  in  large  wounds,  as  in  amputations  through  muscular  regions, 
where  it  acts  as  a  hemostatic,  obliterates  dead  spaces,  and  brings 
into  apposition  large  raw  surfaces.  A  large  curved  needle  threaded 
with  catgut  is  whipped  over  the  oozing  area  as  a  continued  whip- 
stitch; or  is  used  sometimes  as  a  purse-string  suture  which  encircles 
the  raw  area  and  compresses  it,  bringing  it  together  (as  in  the  end 
of  a  stump).  The  use  of  this  buried  absorbable  suture  for  approxi- 
mating deep  muscular  planes  and  aponeuroses,  whether  as  a  con- 
tinued or  interrupted  stitch,  is  gaining  in  favor  in  surgical  clinics 
whenever  it  is  desirable  to  close  a  wound  without  drainage  or  to 
diminish  the  area  of  cicatrization  to  a  minimum. 

In  addition  to  the  ligature  of  large  pedicles  en  masse  and  of  other 
tissues  in  which,  for  any  other  reason,  the  individual  vessels  cannot  be 
separately  ligated,  the  ligature  may  be  used  to  strangulate  a  vascular 
growth  not  only  in  the  external  surfaces  of  the  body  but  also  in  the 
viscera;  as  in  the  case  of  angeioma  of  the  liver,  reported  by  Keen,  in 
which  he  applied  an  elastic  ligature  to  the  pedicle  of  the  tumor  and 
removed  it  after  it  had  been  completely  extraperitonealized  and  stran- 
gulated. The  suture  en  masse  is  also  of  great  value  in  the  preventive 
as  well  as  actual  control  of  hemorrhage  in  the  friable  parenchymatous 
organs,  like  the  liver  and  spleen,  in  which  the  ligation  of  the  individual 
blood-vessels  is  usually  very  difficult  or  impracticable. 
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In  this  connection  the  ingenious  suture  methods  devised  by  Koustnetzoff  and 
Penski  (1896),  of  Ceccherelli  and  Bianchi  (1894),  Auvray  (1897),  Carl  Beck  (1902), 
Cullen  (1905),  Payr  and  Martina  (1905),  J.  Frank,  Chicago  (1905),  are  notable 
illustrations  of  the  utility  of  the  massive  suture,  with  or  without  prothetic  aids, 
in  the  control  of  visceral  hemorrhage.  For  a  critical  review  of  these  methods,  see 
W.  E.  Schroeder,  Chicago,  "Surgery,  Gynecology,  and  Obstetrics, "  Vol.  II.,  January. 
1906,  and  Garre,  Vol.  V.,  September,  1907,  of  same  publication. 

THE  SUTURE  OF  ARTERIES-ARTERIORRHAPHY. 

The  history  of  the  6uture  of  arteries  begins  with  the  notable  suggestion  of 
Lambert,  a  surgeon  of  Newcastle-on-Tyne,  who,  impressed  with  the  dangers  of  the 
ligature  as  practised  in  his  day,  induced  his  colleague,  Hallo  well,  to  try  to  close 
a  wound  in  the  brachial  artery  which  had  been  injured  in  a  recent  phlebotomy. 
The  operation  was  performed  on  June  15,  1759,  and  though  a  crude  method  was 
adopted, — a  harelip  pin  run  through  the  edges  of  the  arterial  wound,  held  with  the 
figure  8  over  it, — it  was  a  perfect  success  as  far  as  the  healing  of  the  wound  and 
the  apparent  restitution  of  the  circulation.  This  fruitful  and  valuable  idea  was 
destined,  however,  to  remain  sterile,  because  Assman,  in  1773,  found  that,  while  the 
suture  was  an  effective  hemostatic,  it  led  to  the  obliteration  of  the  artery  by  throm- 
bosis. The  dominant  idea  of  the  time,  that  thromboses  immediately  followed  any 
irritation  or  injury  of  the  blood-vessels  and  that  repair  could  not  take  place  in  an 
artery  without  its  obliteration  by  a  clot,  led  to  the  universal  acceptance  of  Assman's 
experiments  as  final,  and  no  attempt  was  made  to  revive  Lambert's  suggestion  for 
nearly  one  hundred  years.  It  was  not  until  the  Listerian  doctrine  had  given  a  new 
impetus  to  experimental  research  in  surgery  that  the  long  silence  was  broken  by 
Gluck  in  1882,  who,  in  spite  of  the  numerous  and  ingenious  experiments  he  per- 
formed, met  with  scant  success.  Postempski,  of  Rome,  in  1886,  succeeded  inclosing 
a  lateral  wound  of  the  femoral  artery  which  he  had  caused  accidentally  while  draining 
an  iliac  abscess,  and  thus  inaugurated  the  modern  method  of  suture  with  the  first 
successful  arteriorrhaphy  in  man  after  Lambert's  case.  Matas  followed,  in  1888, 
with  the  suture  of  the  bleeding  orifices  in  a  traumatic  aneurism  of  the  brachial  artery, 
which  had  resisted  both  proximal  and  distal  ligations.  Then  an  active  experimental 
period  followed  with  v.  Horoch's  (Vienna)  experiments  in  1888,  and  the  great  work 
of  Jassinowski  of  Odessa  in  1889.  A  large  number  of  publications  followed,  in 
which  the  names  of  Burci,  Ceccherelli,  Lampiasi,  Muscatello,  Clementi,  and  Robert 
Abbe,  of  New  York  (1894),  are  conspicuous. 

The  active  interest  of  modern  practical  surgeons  in  the  suture  was  not  aroused, 
however,  until  J.  B.  Murphy  published  his  now  classic  paper  of  1897,  and  demon- 
strated by  his  numerous  and  brilliantly  successful  clinical  as  well  as  experimental 
results  with  his  method  of  invagination,  that  end-to-end  anastomosis  was  possible 
without  the  obliteration  of  the  artery.  After  Murphy's  publication,  the  status  of 
the  suture  as  a  practical  surgical  procedure  became  thoroughly  established,  and 
the  reports  of  cases  and  of  experiments  multiplied  in  the  literature  so  that  at 
present  it  may  be  said  that  arteriorrhaphy  has  been  practised  in  some  form  by 
almost  every  surgeon  of  large  experience  all  over  the  world. 

Thus  far  the  application  of  the  suture  had  been  restricted  largely  to  the  closure 
of  arterial  wounds  in  continuity.  The  less  frequent  indications  and  more  difficult 
technic  of  circular  arteriorrhaphy  have  kept  the  number  of  reported  cases  of  this 
procedure  at  a  very  low  figure  (24  cases  to  November,  1908;  120  cases  of  arterial 
suture  up  to  October  1,  1906). 

The  results  in  the  lateral  arteriorrhaphies  have  been  satisfactory  with  very  few 
exceptions  as  regards  hemostasis,  and  apparently,  as  far  as  could  be  determined, 
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good  from  the  functional  point  of  view.  A  doubt  remains,  however,  as  to  the 
permanent  patency  of  the  lumen  in  a  considerable  number.  There  is  one  failure 
from  tearing  of  the  sutures  due  "to  excessively  high  blood-pressure"  (Brewer). 
One  secondary  hemorrhage  in  an  axillary  artery  lacerated  in  reducing  a  dislocated 
shoulder;  the  hemorrhage  coming  on  twenty-one  days  after  suture,  without  assign- 
able cause  (Kdrte);  in  one  case  gangrene  followed  the  suture  of  the  popliteal, 
injured  while  resecting  the  upper  tibia  for  sarcoma  (Rotter's  case).  In  all,  6.4  per 
cent,  immediate  failures. 

It  is  very  likely  that  a  great  many  cases  in  which  accidents  have  occurred 
have  not  been  reported,  but,  taken  as  a  whole,  the  results  are  very  satisfactory. 

Since  October  1,  1906,  when  tins  compilation  was  completed,  a  great  many 
valuable  experimental  and  clinical  contributions  have  appeared  which  attest  to  the 
growing  interest  of  surgeons  in  the  application  of  the  suture  in  the  various  phases 
of  vascular  surgery.  These  additions  to  the  statistics  are  too  numerous  to  be 
even  quoted  in  an  article  of  this  scope  and  purpose;  furthermore,  they  are  only 
confirmatory  of  the  conclusions  above  stated.  Apart  from  lateral  arteriorrhaphy, 
the  value  of  the  suture,  as  a  substitute  for  the  circular  ligature,  has  been  most 
frequently  and  effectively  demonstrated  in  the  treatment  of  peripheral  aneurisms 
by  the  intrasaccular  suture  of  the  arterial  orifice,  by  the  method  suggested  by 
myself.  The  reports  in  this  respect  show  a  steadily  increasing  number  of  con- 
tributions (106  cases  up  to  February,  1909). 

Classification. — Arteriorraphy  may  be  lateral  or  circular  (end  to 
end).  In  either  case,  the  suture  may  be  "aided"  by  extra-vasal  sup- 
porting appliances,  which  may  be  permanently  imbedded  in  the 
tissues  (ivory,  decalcified  bone,  magnesium  rings,  glass  tubes,  rubber 
or  horn  plates,  etc.),  or  by  temporary  supports,  which  remain  in  the 
lumen  of  the  vessel  only  during  the  act  of  approximating  the  edges 
(see  de  Gaetano's  method,  Fig.  50,  A).  When  the  supports  are  used  in 
the  vessel  lumen,  they  are  "endo-vasal";  when  outside,  they  are 
"extra- vasal."  The  endo-vasal  prothetic  aids  are  no  longer  used  (see 
Abbe's  method,  Fig.  50,  B).  Of  the  numerous  "aids"  suggested  and 
devised  for  this  purpose,  the  magnesium  rings  of  Payr  (see  Fig.  47) 
alone  survive  (see  Crile's  Technic  for  Blood  Transfusion).  Circular 
arteriorrhaphy  may  also  be  classified  according  to  the  procedure 
adopted,  as  will  be  seen  under  the  heading  "Circular  Arteriorrhaphy." 

The  Technic  of  the  Suture. — While  no  one  questions  now  that  the 
lateral  suture  of  the  large  arteries  is  very  nearly  as  practical,  safe,  and 
certain  a  procedure  as  the  suture  of  the  large  veins  has  proved  to  be, 
after  a  much  longer  experience,  there  are  still  some  few  questions  in 
the  technic  that  have  not  been  definitely  settled  until  quite  recently. 
In  regard  to  the  much-debated  question,  whether  a  suture  should  be 
interstitial  or  perforating,  the  accumulated  evidence  all  shows  that  the 
through-and-through  suture  of  the  edges  of  an  arterial  wound  (including 
the  intima)  is  not  only  easier,  more  secure,  but  safer  than  the  partial 
suture,  which  includes  only  the  two  outer  coats.  This  was  conclusively 
proved  experimentally  and  clinically  by  Dorfler,  Heidenhain,  Silberberg, 
Israel,  Lindner,  and  the  majority  of  those  who  have  followed  them. 
This  is  particularly  true  if,  in  making  the  suture,  accurate  apposition 
of  intima  to  intima  is  maintained. 
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Technic  of  lateral  arteriorrhaphy,  for  longitudinal,  oblique,  or  transverse 
wounds,  not  exceeding  half  a  circumference  of  the  artery. 

With  aseptic  precautions,  the  sheath  of  the  artery  is  exposed  and  opened  with 
the  least  possible  injury  to  the  vessel  and  surroundings.  If  the  circulation  has  not 
been  controlled  by  a  constrictor  or  some  form  of  pressure  on  the  central  side,  the 
main  artery  is  compressed  with  the  finger  or  gauze  pack  until  the  two  ends  are  more 
permanently  held  with  suitable  padded  clamps,  which  will  be  readily  adjusted  and 
which  will  obliterate  the  lumen  of  the  vessel  without  constricting  it.  Carrel  uses 
a  pair  of  Langenbeck's  clips,  but  Hoepfner's  forceps  or  a  pair  of  long-bladed,  thin 
elastic  spring  forceps  with  a  long  ratchet,  and  padded  with  thin  rubber,  will  do. 
These  should  be  applied  at  a  distance  from  the  line  of  suture.   In  dealing  with  some  of 

the  arteries  the  Joani  procedure  (Figs.  40-42)  may 
be  adopted;  this  has  the  advantage  of  controlling 
the  bleeding,  while  the  artery  is  held  straight  and 
ready  for  suture.  In  other  cases,  especially  longi- 
tudinal wounds,  Joani's  long  angular  forceps  can  be 


Fia.  40. — Joani's  Method  of  Isolating  and  Exposing  Arts  ribs  for  Lateral 
Arteriorrhaphy. 

used  with  advantage  to  approximate  the  edges  of  the  wound,  and  also  bring  the 
intima  in  apposition  while  the  sutures  are  being  introduced.  After  provisional 
hemostasia  has  been  obtained,  it  is  important  that  contusions,  bruises,  or  other  injuries 
of  the  endothelial  edges  of  the  wound  be  avoided  and  that  no  toothed  forceps  be  used 
unless  it  be  just  within  the  margin.  It  is  preferable  when  no  special  forceps  are  at 
hand  to  begin  by  applying  a  traction  suture  at  each  end  of  the  cut,  penetrating 
through  the  thickness  of  the  coats  close  to  the  margin,  just  sufficiently  to  lift  up  the 
edges  of  the  cut,  and  thus  bring  the  endothelial  surfaces  in  apposition.    Thus  a 


Fio.  41. — Joani's   Method  of  Isolating  an  Artery  and  Vein  Preparatory  to 
Lateral  Suture  :  a,  Artery;  6,  vein. 


simple  continued  suture  can  be  whipped  over  the  wound  with  great  rapidity  and 
accuracy,  or  an  interrupted  mattress  suture  (Joani)  or  a  continued  mattress  (Dor- 
rance)  may  be  used.  The  simple  whip  stitch  with  the  traction  threads  at  each  angle 
accomplishes  all  that  is  required  in  the  simplest  and  most  expeditious  manner. 
In  applying  the  stitch,  no  matter  by  what  method,  we  must  imitate  Carrel  by  using 
the  very  finest  silk  or  Alsace  thread  No.  500,  unless  the  vessels  are  of  large  caliber, 
when  milliner's  or  fine  cambric  needles  with  elongated  eyes,  or  "floss"  needles, 
sizes  6-10,  threaded  with  a  No.  0  or  1  oculists'  silk  may  be  used.     Also  following 
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Carrel's  example,  the  thread  should  be  soaked  in  sterile  vaselin  and  the  edges  of 
the  wound  lubricated  with  the  same  substance,  in  order  to  prevent  thrombus  for- 
mation. See  that  the  thread  fits  the  eye  of  the  needle  to  prevent  oozing  at  the 
punctures  if  the  needle  is  larger  than  the  thread.  For  the  smaller  arteries,  such  as 
the  femoral  and  popliteal,  the  best  results  will  be  obtained  by  using  the  finest  needles 
made  for  lace  manufacturers  by  English  makers.  The  Kirby  needles,  Nos.  16,  17f 
and  18,  recommended  by  Carrel,  which  will  carry  a  No.  500  silk,  will  accomplish 
the  best  results.  The  lips  of  the  wound  are  penetrated  immediately  opposite  each 
other  at  intervals  of  about  1  to  2  mm.  (2V  to  ^  inch),  so  as  to  secure  close  coapta- 
tion. Gentle  traction  should  be  made  on  the  thread,  after  the  passage  of  each  stitch, 
so  as  to  approximate  the  edges  as  quickly  as  possible  from  the  start,  care  being 
taken  to  avoid  the  inversion  of  the  edges.  The  principle  of  intima  to  intlma  is  to  be 
always  kept  in  mind,  just  as  serosa  to  serosa  is  the  guiding  principle  in  intestinal 


Fig.  42. — Joani'b  Clamp  Applied  in  Lateral  Arteriorkhapht. 


suture.  The  sheath  of  the  artery  is  separately  sutured  over  the  vessel  and  this 
should  again  be  supported  by  bringing  together  with  buried  sutures  the  overlying 
soft  parts,  muscles,  or  aponeuroses,  and  the  wound  closed  without  drainage. 

Circular  Arteriorrhaphy.— While  there  is  no  longer  any  doubt  as 
to  the  practical  value  and  safety  of  the  lateral  suture,  the  judgment 
of  experienced  surgeons  is  still  uncertain  upon  the  choice  of  the  simplest 
and  safest  method  of  performing  a  circular  or  end-to-end  anastomosis. 
The  choice  of  procedures  now  rests  between  (1)  the  invagination  method 
of  Murphy;  (2)  the  aided  invagination  method  of  Payr,  in  which  ab- 
sorbable magnesium  rings  are  used  to  support  the  invagination,  or 
(3)  the  method  of  broad  marginal  confrontation  of  the  intima  (Salomoni- 
Jaboulay-Briau  method),  or  (4)  the  direct  marginal  approximation  of 
the  divided  vessels  by  the  triangular  or  prismatic  suture  of  Carrel. 

The  methods  of  invagination,  bearing  in  mind  Murphy's  method 
as  the  fundamental  procedure,  are  open  to  the  objections  (1)  that  they 
narrow  the  lumen  of  the  intussuscepted  vessel  and  (2)  that  they  leave 
a  raw,  exposed  line  inside  the  lumen  of  the  artery  in  contact  with  the 
blood,  thus  favoring  thrombosis  by  the  liberation  of  the  plasma  juices 
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in  the  vessel  lumen;  and  (3)  all  the  invagination  methods  compel  more 
stretching  and  take  up  more  material  to  obtain  a  secure  apposition 


Fio.   43. — Murphy's  Invagination  Method 

Or  ARTERIORRHAPHY. 


Fio.  44. — Bougie's  Invagination  Method 

OF  ARTERIORRHAPHY. 


than  when  the  end-to-end  or  direct  marginal  anastomosis  is  performed. 
Nevertheless,  invagination  has  been  better  understood  and  probably 


Figs.  45,  46. — Arteriovenous  Anastomosis  by  Lateral  Implantation.   Wieting's  Method. 

more  frequently  applied  than  any  other  method  (up  to  and  including 
1906).     Yet,  obliterative  thrombus  formation  results  so  frequently  in 
vol.  v — 9 
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experimental  work  that  its  application  clinically  is  fraught  with  grave 
doubts  as  to  its  ultimate  success. 

In  justice  to  the  method,  it  must  be  said  that  in  13  of  the  24  cases 
of  circular  arteriorrhaphy,  or  end-to-end  anastomosis,  recently  col- 
lected by  Stitch,  the  anastomosis  was  established  by  Murphy's  invagi- 
nation or  its  modifications.  In  7  of  these  13  cases  the  results  were 
satisfactory  in  so  far  as  the  preservation  of  the  peripheral  circulation 
was  obtained,  though  it  is  quite  uncertain  whether  thrombosis  occurred 
at  the  anastomotic  joint  or  not.  In  many  of  these,  no  doubt,  the 
circulation  was  maintained  by  collaterals.  Of  the  several  modifications 
of  the  invagination  method,  that  recently  recommended  by  Wieting 
Pasha,  of  Constantinople,  is  worthy  of  special  notice  as  a  simple  and 
successful  method  in  arteriovenous  anastomosis  (Figs.  45  and  46). 
This  method  consists  essentially  in  intubating  or  implanting  the 
artery  into  the  vein  by  a  small  lateral  slit  made  in  the  vein  after  it 
has  been  ligated,  so  as  to  interrupt  its  central  circulation.  The  pro- 
cedure resembles  Van  Hook's  method  of  anastomosing  the  ureters. 
In  Wieting's  case  the  reversal  of  the  circulation  was  demonstrated 
and  gangrene  of  the  limb  arrested. 

Invagination  Method. — J.  B.  Murphy's  typical  procedure.  This  method  is 
applicable  to  all  vessels  of  large  caliber,  including  the  popliteal  and  the  femoral,  in 
which  not  more  than  three-fourths  of  an  inch  have  been  removed  by  injury  or 
excision.  Possibly  in  the  popliteal  space,  Scarpa's  triangle,  or  in  the  axillary  space, 
where  the  position  of  the  limb  can  be  made  to  relieve  the  tension  of  the  vessel,  it 
may  be  used  after  even  a  larger  loss  in  length.  As  in  all  the  methods  of  arterior- 
rhaphy, the  points  to  be  considered  in  the  technic  are: 

(1)  Complete  asepsis;  (2)  exposure  of  the  vessel  with  as  little  injury  as  possible; 
(3)  temporary  suppression  of  the  blood  current;  (4)  control  of  the  vessel  while 
applying  the  suture;  (5)  accurate  approximation  of  the  walls;  (6)  perfect  hemostasia 
by  pressure  after  the  clamps  are  taken  off;  (7)  careful  toilet  of  the  wound.  After 
obtaining  temporary  occlusion  of  the  vessel  with  clamps,  the  distal  end  of  the  artery 
is  incised  longitudinally  for  a  short  distance,  and  the  proximal  end  is  in  vagina  ted 
into  the  distal  end,  which  has  thus  been  prepared  to  receive  it.  In  order  to  invagi- 
nate  the  vessels,  two  traction  or  invaginating  sutures  are  applied  on  the  proximal 
side,  a  short  distance  from  the  margin,  and  made  to  penetrate  the  walls  of  the  artery 
except  the  intima.  The  free  ends  of  the  loop  thus  formed  are  threaded  into  separate 
needles,  which  are  carried  into  the  lumen  of  the  distal  artery  and  made  to  come  out 
by  perforating  the  walls  at  a  short  distance  from  each  other.  Three  of  these  traction 
perforating  sutures  are  plaeed  around  the  vessel  at  equidistant  points,  so  that,  by 
making  traction  upon  the  loops,  the  proximal  end  can  be  readily  and  accurately 
invaginated  into  the  distal  end.  After  the  invagination  has  been  effected,  the 
perforating  traction  loops  are  tied  over  the  distal  side  and  the  joint  is  further  secured 
by  passing  a  few  interrupted  sutures  (non-perforating)  at  the  point  of  junction  of 
the  two  vessels.  (Modifications  of  this  procedure  have  been  proposed  by  Bougie1, 
Jensen,  and  others.) 

Payr's  Method  of  Circular  Arteriorrhaphy  with  Absorbable  Magnesium 
Rings,  1900. — This  is  a  method  of  invagination  in  which  an  absorbable  magnesium 
ring  is  used  as  a  provisional  support  for  the  invaginated  portion  (intussuscep- 
tum),  to  keep  the  lumen  of  the  vessel  open  until  union  has  taken  place.  Payr's 
method  as  modified  by  Hoepfner  is  as  follows:     After  exposing  the  artery  to  be 
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invaginated,  the  protected  Hoepfner  clamps  are  applied  to  each  side  of  the  injury 
(Fig.  47)  at  a  sufficient  distance  from  the  seat  of  injury  to  permit  of  the  free 
manipulation  of  the  stumps  after  the  injured  part  has  been  divided  or  resected. 
The  connective  tissue  holding  the  ends  of  the  stumps  to  the  sheath  is  cleared  carefully 
with  toothless  forceps,  great  care  being  taken  to  avoid  injury  to  the  intima  or  the 
vessel  as  a  whole,  by  rough  handling  or  otherwise,  for  fear  of  thrombus  formation. 
The  Hoepfner  clamps  when  properly  adjusted  with  just  sufficient  pressure  to  oblit- 
erate the  vessel  without  compressing  it  may  remain  as  long  as  three  hours  in  situ 
without  damaging  the  endothelium.  After  denuding  or  resecting  the  injured 
artery,  any  blood  remaining  in  the  stumps  is  to  be  gently  washed  off  with  saline 
solution.  The  vessel- wall  is  then  grasped  at  its  margin  with  very  fine  dissecting 
forceps  and  three  silk  sutures  are  carried  on  fine  floss  needles  and  the  smallest  thread, 
through  the  margin,  at  three  equidistant  points.  While  one  stump  of  the  artery  is 
being  treated  in  this  way,  the  other  is  kept  covered  with  a  gauze  sponge  soaked  in 
physiologic  salt  solution.  Drying  of  the  endothelium  is  thus  avoided  and  excessive 
contraction  of  the  vessel  is  also  prevented.     The  three  threads  attached  to  the 


Fio.  47. — Path's  Method  or  Circular  Artkriorrhaphy. 


proximal  or  cardiac  end  are  tied  to  the  margins  and  the  long  ends  held  together 
are  passed  through  the  magnesium  ring,  which  is  held  in  readiness  on  a  special 
forceps  (see  Fig.  47).  The  ring  is  slipped,  like  a  collar,  over  the  vessel,  after  which 
traction  is  gently  made  upon  the  threads,  and,  as  the  ring  is  held  steadily  in  the 
holder,  the  stretched  cuff  of  the  artery  is  rolled  back  and  reversed  sufficiently  to 
cover  the  ring.  The  reversed  cuff  of  the  artery  is  then  fastened  to  the  ring  by  a 
fine,  circular  silk  ligature  which  fits  into  a  groove  in  the  ring.  The  distal  stump 
(intussuscipiens)  is  now  stretched  by  traction  on  these  threads  and  is  drawn  over 
the  everted  stump  which  contains  the  ring.  Invagination  of  the  distal  into  the 
proximal  end  is  made  secure  by  a  final  ligature  tied  over  the  whole  joint  on  a  level 
with  the  ring,  after  the  invagination  has  been  completed. 

Hoepfner  performed  28  experiments  on  the  carotids  and  femoral  arteries  of 
dogs.  He  succeeded  perfectly  in  obtaining  circular  anastomoses  and  in  grafting 
detached  sections  of  arteries  from  one  part  of  the  arterial  system  to  the  other.  He 
was  not  able  to  obtain  arteriovenous  anastomoses  without  thrombosis.  He  was 
able  to  transplant  the  kidney  to  the  neck  by  uniting  the  renal  arteries  and  veins 
to  the  jugulars  and  carotids,  leaving  the  ureter  as  a  fistula  in  the  neck.     He  implanted 
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successfully  an  amputated  limb  in  one  case  out  of  three  in  Which  he  tried  the  experi- 
ment. The  magnesium  rings  absorb  very  rapidly;  sometimes  as  fast  as  chromic 
catgut;  they  totally  disappear  in  six  months,  leaving,  however,  gas  cysts,  as  they 
are  called,  which  result  from  the  oxidation  of  the  metal.  The  conditions  for  the 
successful  application  of  this  method  are,  that  the  artery  shall  not  be  resected  for 
a  greater  length  than  1  to  1 J  centimeters,  though  Payr  succeeded  in  approximating 
successfully  a  femoral  vein  after  he  had  resected  4J  cm.,  but  he  could  obtain  the 
approximation  only  by  keeping  the  thigh  in  a  position  of  extreme  flexion.  The 
magnesium  rings  can  be  obtained  in  different  sizes  from  the  manufacturers,  but  the 
metal  is  so  soft  that  it  can  be  easily  cut  out  of  sheets  and  made  into  cylinders  of 
the  desired  size.    In  transplantation  experiments,  in  which  the  arteries  of  different 


Fio.  48. — Briau  and  Jaboclay'b  Method  of  Circular  Arteriorrhaphy. 


species  of  animal  are  brought  together,  thrombosis  invariably  followed  in  Hoepfner's 
experiments,  but  this  is  avoided  by  Carrel's  technic.  Payr's  method  has  been 
adopted  by  Crile  (with  slight  modifications)  to  simplify  his  method  of  direct  blood 
transfusion. 

Methods  of  Broad  Marginal  Confrontation. — The  principle  of  confronting 
intima  to  intiina  over  a  broad  surface  of  the  everted  margins  of  the  cut  artery, 
without  invagination,  was  apparently  suggested  independently  at  the  same  time 
by  Salomoni  and  by  Briau  and  Jaboulay.  Salomoni  has  experimented  most  ex- 
tensively with  this  method  with  the  aid  of  his  pupils,  Tomaselli,  Funaijoli,  and 
others.  The  same  principle  has  been  adopted  by  Jensen,  who  uses  a  U-shaped  or 
mattress  suture  as  originally  suggested  by  Briau,  and  differing  from  Salomoni,  who 
uses  a  simple  interrupted  suture. 


Fig.  49. — Salomoni' s  Method. 

As  the  essentials  of  the  technic  are  sufficiently  explained  by  the  illustrations 
(Figs.  48-50),  we  shall  briefly  refer  to  the  mollification  of  the  same  method  by 
the  latest  contributor,  Dorrance,  of  Philadelphia,  who  has  described  his  procedure 
with  marked  precision  and  clearness. 

Dorrance  uses  Pagenstecher's  thread  No.  1  on  the  finest  sewing  needle  which  will 
carry  the  thread.  The  hemostatic  clamps  are  a  limber-bladed  forceps  devised 
especially  for  this  work.  The  suture  is  intended  to  be  used  for  longitudinal,  oblique, 
or  transverse  (complete  and  incomplete)  wounds  of  the  artery. 

Fig.  51  shows  the  application  of  the  method  to  a  transverse  wound  of  an  artery. 
Dorrance  has  experimented  chiefly  on  large  animals,  9  horses  and  5  dogs;  in  7  cir- 
cular anastomoses    (50  per  cent.)  there  was  no  thrombus.     In  5  lateral  sutures, 
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which  were  made  in  dogs,  the  lumen  was  preserved.     There  was  one  secondary 
hemorrhage.     While  this   method   has  proved  satisfactory  in  large  animals,  it  is 


A  B 

Fig.  50. — A,  De  Gaetano's  Method,  and  B,  Abbe's  Method  op  Arteriorrhaphy. 

questionable  whether  the  same  technic  could  be  as  successfully  applied  in  arteries  of 
the  size  of  the  popliteal,  in  which  the  much  more  simple  method  of  Carrel  accom- 
plishes perfectly  satisfactory  results. 


Fio.  51. — Suture  of  Incomplete  Transverse  Wound.     (Dorrance.) 

Carrel's  method  of  circular  arteriorrhaphy  is  performed  as  follows: 

(1)  Provisional  hemostasis  with  elastic,  flat  clamps,  well  protected  with  rubber 
covers,  or  without  rubber  covers  if  Langenbeck's  clips  are  used,  Hoepfner's  protected 
forceps  (see  Fig.  47)  or  Crile's  will  do  well.  Endothelial  traumatism  with  toothed 
forceps  must  be  avoided  at  all  times  under  penalty  of  thrombosis. 

(2)  The  two  ends  are  brought  in  apposition. 

(3)  The  traction  loops,  which  are  to  convert  the  circular  or  oval  outline  of  the 
cut  arteries  into  triangular  or  prismatic  surfaces,  are  introduced  at  equidistant 
points  of  the  circumference,  through  the  thickness  of  the  margins,  care  being  taken 
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to  enter  the  intima  as  near  the  margin  as  possible.  The  needles  are  introduced 
from  without  inward  on  one  margin  and  from  within  outward  (from  intima  to  adven- 
titia)  on  the  other.  The  loops  of  thread  which  have  now  transfixed  the  cut  edges  of 
the  artery  are  tightened  until  the  margins  of  the  vessels  are  brought  together  and 
held,  each  separately,  in  the  bite  of  a  hemostatic  clamp.  The  clamps  are  then 
turned  over  to  an  assistant,  who,  by  making  gentle  traction,  not  only  brings  the 
two  edges  of  the  vessel  together  closer,  but  transforms  the  circular  outline  of  the 
artery  into  a  straight  line  between  the  lines  of  traction.  By  pulling  gently  upon  the 
thread,  even  the  small  arteries  will  stretch  sufficiently  to  permit  a  continued 
suture  to  be  made  securely  and  rapidly  as  each  section  of  the  triangle  or  prism 
formed  by  the  traction  of  the  loops  brings  each  side  to  view. 

By  introducing  the  needle  into  the  marginal  edges  of  the  vessel,  the  opposed 
surfaces  of  the  intima  are  brought  into  perfect  apposition  and  the  threads  are 
scarcely  exposed  to  the  contact  of  blood  in  the  lumen  of  the  vessel  (see  Figs.  52, 
53).  It  is  especially  important  that  in  carrying  out  this  procedure,  Carrel's  instruc- 
tions to  use  rigorous  asepsis,  the  finest  needles  and  the  finest  silk,  as  described 
under  the  technic  of  lateral  arteriorrhaphy,  and  the  care  in  lubricating  the 
threads  and  the  edges  of  the  cut  arteries  with  sterile  vaseline  should  be  strictly 
followed.1 


Fios.  52,  53. — Carrel's  Method  of  Circular  Arteriorrhaphy. 


Since  the  advent  of  Carrel  and  the  publication  of  his  first  American  contribution 
in  1905  the  scale  of  evidence  has  undoubtedly  turned  in  favor  of  the  simpler  unaided 
methods  of  suture,  and  the  Carrel  technic  has  become  the  method  of  election  at  the 
present  time.  By  the  simple  but  extremely  delicate  technic  which  Carrel  has 
devised,  he  has  been  able  to  accomplish  almost  incredible  feats  in  uniting  divided 
vessels  by  end-to-end  anastomoses,  even  in  such  small  vessels  as  the  thyroid  vessels 
of  the  dog.  He  has  been  able  to  transplant  with  almost  unfailing  success  large 
sections  of  arteries  and  veins  separately  and  by  arteriovenous  anastomosis  to  unite 
large  vessels  such  as  the  aorta  and  the  cava  in  the  abdomen,  thereby  reversing 
the  entire  systemic  circulation  so  as  to  throw  the  mass  of  the  arterial  blood  from 
the  aorta  directly  into  the  cava,  and  vice  versa.  In  a  like  manner  he  has  reversed 
the  circulation  in  the  neck,  transforming  the  jugular  veins  into  arteries  and  the 
carotid  arteries  into  veins;  likewise,  in  the  lower  limbs,  he  has  reversed  the  cur- 
rent so  that  the  femoral  vein  became  a  pulsating  artery  and  the  artery  a  pulseless 

1  The  recent  and  very  interesting  experiments  on  the  suture  and  transplantation 
of  arteries  reported  by  Stich,  Makkas  and  Dowmann,  Leipzig,  and  by  S.  H.  Watts,  of 
Baltimore,  and  Sweet,  of  Philadelphia,  and  Faykiss,  of  Budapesth,  not  only  confirm 
the  experimental  work  of  Carrel,  but  demonstrate  the  superiority  of  his  technic. 
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vein.  He  has  reversed  the  circulation  in  the  thyroid  arteries  and  veins  and  trans- 
planted arterial  and  venous  branches  from  one  arterial  trunk  to  another.  He  has 
been  able  to  transplant  the  heart  from  one  animal  into  the  neck  of  another,  uniting 
both  carotids  and  both  jugulars  to  the  aorta,  pulmonary  artery,  and  pulmonary 
veins,  obtaining  such  good  union  as  to  keep  up  the  cardiac  cycle  in  regular  rhythm 
sufficiently  for  class  demonstration  and  cardiography  tracings.  He  has  transplanted 
kidneys  with  their  vascular  connections  to  the  neck,  and  from  one  animal  to  an- 
other, surviving  for  days  and  weeks  and  secreting  urine  of  almost  a  normal  char- 
acter. He  has  transplanted  ovaries;  made  new  blood-vessels  out  of  peritoneum,  etc. 
— experiments  too  numerous  to  relate,  of  a  very  suggestive  and  impressive  char- 
acter. At  present  these  possess  solely  physiologic  interest,  but  all  are  extremely 
important  in  demonstrating  the  efficiency  of  the  technic  he  has  devised.  And  the 
fact  that  he  has  been  able  to  obtain  these  numerous  anastomoses  with  almost  unfailing 
success  and  without  obliterative  thrombosis  is 
most  impressive.  The  technic  of  Carrel  or  its 
modifications  (Figs.  52-54)  have  been  frequently 
applied  clinically  in  the  lateral  suture  of  wounded 
arteries,  but  only  eight  instances  of  the  circular 
or  end-to-end  application  of  this  method  to  the 
living  human  subject  are  recorded  in  the  litera- 
ture (Goyanes,  Lilienthal,  Hubbard,  Delanglade, 
Lexer,  Martin,  Braun,  Stich).  Of  these  the  most 
conclusive  success  is  that  reported  by  H.  Braun 
(Leipzic)  (Arch.  f.  klin.  Chir.  Band  86,  Hft.  3, 
1908),  in  which  a  section  of  the  abdominal 
aorta  was  removed  in  the  course  of  the  extir- 
pation of  an  enormous  ganglion  neuroma  of 
the  sympathetic  ;  the  patient,  a  child  of  6 J 
years,  recovered  without  any  circulatory  dis- 
turbance. 

Indications  for  the  Application  of 
the  Suture. — (1)  The  suture  is  indicated 
and  should  be  applied  in  preference  to 
the  ligature  in  all  longitudinal,  oblique, 
or  transverse  wounds  of  the  large  arter- 
ies in  the  neck  and  at  the  root  of  limbs, 
in  which  the  wound  can  be  closed  without 
obliterating  the  lumen  of  the  artery.  (2) 
In  all  complete  divisions  of  these  vessels, 
with  a  loss  of  substance  from  injury  or 
resection,  not  exceeding  f  inch.  On  no.  54.— Lateral  arteriorrhaphy. 
these  cases,  however,  the  better  rule  is  Using  the  pri£&.°f  Carre,s 
not  to  attempt  a  direct  end-to-end  anas- 
tomosis when  the  approximation  cannot  be  maintained  without  over- 
stretching or  great  tension  of  the  injured  vessels.  (3)  The  suture  is 
especially  indicated  in  injuries  of  the  common  and  internal  carotid,  the 
common  femoral,  the  popliteal,  subclavian,  and  axillary. 

The  importance  of  restoring  the  circulation  in  injuries  of  the  internal  and 
common  carotid  is  made  most  apparent  in  adult  and   aged   subjects  on  account 
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of    the  well-known  dangers    from    secondary    cerebral   disturbances,  hemiplegia, 
aphasia,  softening  of  the  brain,  etc.,  which  follow  carotid  ligation  in  spite  of  the  most 


Fig.  55. — Frouin'b  Method  of  Arterial  Suture. 
The  four  points  of  approximation. 

perfect  aseptic  healing  (11  per  cent.,  Lestellc,  1903;  24  per  cent.,  Lebram,  1906). 
The  internal  carotid  has  been  sutured  twice  successively,  once  by  Gluck  and  once  by 
Garre;  the  common  carotid  also  by  Seggel,  Launay,  Depage.     Modern  statistics 


Fig.  56. — Frouin'b  Method  ok  Arterial  Suture. 
The  hem  at  the  points  of  approximation. 


show  that  gangrene  follows  in  19  per  cent,  of  femoral  ligations  for  trauma  in  civil 
life,  and  21  per  cent,  in  military  practice  (Raabe).  The  simultaneous  ligation  of  the 
artery  and  vein  is  also  more  fatal  to  the  life  of  the  limb  (GO  per  cent,  in  the  older 
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statistics  of  von,  Bergmann  48.3  per  cent.,  Ziegler;  55  per  cent.,  Steiner,  1897).  The 
worst  prognosis  from  the  point  of  view  of  gangrene  follows  when  the  popliteal  ar- 
tery and  vein  are  both  injured  or  obliterated  (54.5  per  cent.,  Lejars,  in  ordinary 
injuries,  and  100  per  cent,  in  crushing  injuries,-  Schorong).  The  simultaneous  injury 
of  both  femoral  artery  and  vein  is  likewise  fraught  with  great  peril  to  the  limb  when 
the  ligature  is  applied  (gangrene  in  14  out  of  24  cases,  Niebergall  (1893);  12  in  22 
cases,  Kammerer).  Injury  to  both  tibial  vessels  simultaneously  is  almost  as  cer- 
tainly fatal  to  the  foot.  In  the  upper  extremity  the  collateral  circulation  is  so  ample 
that  the  risk  of  gangrene  is  comparatively  slight.  Ligation  of  the  subclavian  is  fol- 
lowed by  gangrene  in  the  hand  and  arm  in  2.01  per  cent.;  after  axillary  ligatures,  6.6 
percent.;  after  brachial  ligatures,  18.75  per  cent.,  when  applied  immediately  above 
the  origin  of  the  profunda.  The  axillary  and  the  brachial  have  been  sutured  with 
greater  frequency  than  the  other  arteries,  probably  on  account  of  their  greater  lia- 
bility to  injury  (axillary)  in  the  extirpation  of  the  axillary  contents  in  operations  for 
cancer  of  the  breast.  Suture  of  the  vessels  of  the  upper  extremity  has  been  per- 
formed with  sufficient  frequency  to  prove  its  practical  value.      In  the  abdomen, 


Fig.  57. — Frouin's  Method  op  Arterial  Suture. 
The  finished  suture. 

the  abdominal  aorta  has  been  sutured  three  times  successfully  for  injury  in  the  course 
of  an  operation:  once  by  Depage,  of  Brussels  (1906),  once  by  Berard  and  Cavail- 
lon  (1906),  once  by  Braun  (1907).  The  external  iliacs,  common  and  superficial 
femorals,  and  popliteals  have  been  sutured  a  number  of  times  for  a  variety  of  condi- 
tions apart  from  traumatism,  with,  as  a  whole,  very  satisfactory  results,  considering 
that  the  operators,  in  the  majority  of  instances,  have  not  had  the  benefit  of  the 
improved  technic  inaugurated  by  Carrel.     (See,  also,  p.  133.) 

(4)  The  suture  is  occasionally  indicated  after  surgical  incisions 
(arteriotomy)  of  the  larger  arteries  and  veins  for  the  removal  of  septic 
or  non-septic  thrombi  and  emboli,  which  threaten  the  life  of  limb. 
In  the  7  cases  in  which  this  has  been  tried  (see  Thrombectomy,  p.  161) 
the  incisions  were  completely  closed  with  sutures  after  removal  of  the 
clot,  the  wounds  healing  without  secondary  hemorrhage. 

(5)  In  the  treatment  of  arterial  and  arteriovenous  aneurisms,  to 
close  the  vascular  orifices  in  the  sac  by  my  own  intrasaccular  method, 
or  after  the  resection  of  the  sac,  to  close  the  opening  left  in  the  vessel. 

(6)  After  the  resection  of  arteries  involved  in  certain  neoplasms 
and  aneurisms.  In  these  cases  the  resected  portion  is  too  long  to 
permit  of  a  direct  end-to-end  anastomosis,  but  the  adjoining  vein 
may  be  made  to  act  as  a  substitute  if  a  section  of  the  vein  is  trans- 
planted between  the  severed  ends  of  the  artery  without  detaching  it 
from  its  vascular  surroundings  (partial  venous  transplantation  of  Carrel, 
see  Fig.  58).  This  has  been  done  successfully  in  very  recent  cases 
reported    by  J.   Goyanes    (1906),  popliteal   aneurism  ;    Erich    Lexer 
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(1906),  axillary  aneurism;  P.  Delbet  (1907),  popliteal  aneurism,  the 
last  two  proving  unsuccessful. 

(7)  Circular  arteriovenous  anastomosis  has  been  tried  in  cases  of 
threatened  gangrene  of  the  limbs  from  obstruction  to  the  main  artery, 
the  object  of  the  operation  being  to  arterialize  the  vein  so  that  the 
distal  parts  may  be  nourished  and  the  gangrene  arrested.  This  operation 
has  been  tried  13  times  (San  Martin,  2  cases;  Jaboulay,  1;  J.  C. 
Hubbard,  3;  H.  Lilienthal,  1;  Ballance,  1  ;  G.  Torrance,  1;  Tuffier,  1; 
Ohran,  1;  Doberauer,  1;  Wieting,  1).  Thus  far,  the  results  cannot  be 
said  to  be  therapeutically  satisfactory  except  in  Wieting's  case,  in 
which  the  reversal  of  the  circulation  was  successfully  obtained  and 
the  gangrene  arrested. 

The  suture  is  contraindicated — (1)  in  all  smaller  arteries  in 
which  the  collateral  circulation  is  normally  competent  to  maintain 
the  nutrition  of  the  limb  after  ligation;   (2)  in  all  crushed  and  lacerated 
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Fig.  58. — (1)  Incomplete  Biterminal  Transplantation  :  (a)  Femoral  vein,  isolated  seg- 
ment of  the  femoral  vein,  femoral  artery.  (2)  Complete  Biterminal  Transplantation  :  (6) 
Carotid  artery  and  transplanted  segment  of  the  external  jugular  vein.     (Carrel  and  Guthrie.) 

wounds  and  arteries  in  which  all  the  perivascular  tissues  are  irreparably 
or  badly  damaged;  (3)  in  all  suppurating  or  otherwise  infected 
wounds,  as  thrombus  formation  and  secondary  hemorrhage  will  cer- 
tainly follow  an  infection  of  the  line  of  suture;  (4)  in  all  cases  in  which 
approximation  of  the  divided  ends  cannot  be  obtained  without  over- 
stretching and  in  which  venous  grafting  or  substitution  is  impracticable. 
Repair  and  Regeneration  of  Arteries  After  Suture. — The  repair 
which  follows  after  an  arterial  wound  has  been  properly  sutured,  either 
by  lateral  or  circular  arteriorrhaphy,  is  equivalent,  ultimately,  to  a 
complete  and  perfect  regeneration  of  all  the  histologic  elements  which 
enter  into  the  formation  of  the  arterial  wall,  the  elastic  and  muscular 
elements  being  reproduced  as  perfectly  as  the  baser  elements,  if  the 
specimens  are  examined  long  enough  (at  least  one  hundred  days  in  dogs) 
to  allow  the  regeneration  of  the  elastic  and  muscular  tissue  to  be  com- 
pleted (deGaetano,  Fay  kiss).  Clinical  experience  fully  confirms  the 
histologic  possibility  of  the  complete  regeneration  of  the  vessels.     An 
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extensive   inquiry   made    by  myself  has    failed    to    show  that    any 
aneurisms  have  formed  at  the  seat  of  a  previous  suture. 

Patching  and  Plastering  of  Arteries.— In  experimental  surgery, 
wounds  of  arteries  and  veins  have  been  closed  by  patching  them 
with  transplanted  grafts  taken 
from  distant  veins  or  arteries  of 
the  same  or  other  individuals. 
This  procedure  has  been  applied 
in  a  variety  of  ingenious  ways  on 
the  arteries  of  dogs  and  other 
animals  by  Carrel,  and  by  Taddei 
and  Mariotti  on  veins.  Instead 
of  living  vascular  patches  or 
grafts,  Dr.  G.  E.  Brewer,  New 
York,  has  suggested  the  plaster- 
ing of  wounded  arteries  with 
sterile  adhesive  plaster  (zinc  oxid 
plaster  spread  over  thin  rubber 
tissue).  In  14  experiments  per- 
formed on  dogs,  6  were  made 
with  heavier  plaster,  and  in  all 
of  these  the  vessel  was  occluded  at 
the  point  of  pressure.  In  all  cases 
he  applied  the  plaster  without 
wounding  the  artery  and  yet 
thrombosis  followed.  In  all,  5 
successes  out  of  14  experiments 
were  obtained.  This  mode  of  pro- 
cedure is  made  sufficiently  clear 
by  the  accompanying  illustration  (Fig.  59)  not  to  require  further 
description. 

Note. — It  is  interesting  to  note  that  the  idea  of  occluding  wounded  arteries  by  plas- 
tering or,  at  least,  covering  them  with  a  protective  material,  as  was  done  originally 
byGluck  (1897),  who  used  sheaths  and  patches  made  of  animal  and  rubber  tissue, 
by  Dawbarn,  who  used  a  special  glue,  and  by  Brewer  as  above  described,  was  antici- 
pated and  tried  in  a  crude  way  by  a  medical  student  in  Paris,  Leconte,  who  wrote 
his  thesis  on  his  method  in  1774.  His  procedure  consisted  in  wrapping  a  section 
of  thin  goose-quill  around  the  wounded  vessel  and  holding  it  in  place  with  a  ligature, 
all  of  which  he  held  in  place  and  sealed  with  a  varnish  made  of  "turpentine  and  balm 
of  Araeus."  The  quill  sheath  was  removed  after  three  or  four  days.  The  wound 
was  always  infected  and  the  hemostasis  which  was  obtained  is  now  accounted  for 
by  thrombotic   obliteration.     (See  Hist.  Soc.  Royale  de  Medicin  de  Paris,  1776.) 


Fig.    59. — Brewer's     Method    or     Closing 
Arterial  Wounds    by  Special   Rubber 
Plaster.     (Bickham.) 
The  vessel  has  been  surrounded  by  several 

turns  of  the  rubber  plaster,  which  is  then  cut 

transversely. 
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Surgery  of  the  Veins, 
diseases  and  injuries  of  the  veins. 

Preliminary  Anatomic  and  Physiologic  Data. — The  veins, 
embryologically,  are  derivatives  of  the  mesoblast  and  form  part  of 
the  original  germinal  mass  from  which  the  blood-vessels,  including 
the  lymphatics  and  the  great  serous  spaces,  are  ultimately  differen- 
tiated in  the  embryo.  The  veins  are  continuations  of  the  arterial 
system  and,  structurally  considered,  are  identical  with  the  arteries 
and  lymphatics,  except  in  so  far  as  their  structure  has  been  differ- 
entiated to  meet  the  requirements  of  their  specific  physiologic  function. 
This  unity  of  the  vascular  endotheJia  is  of  great  importance  in  surgical 
practice,  since  the  behavior  of  this  membrane  in  the  processes  of  repair 
and  regeneration  is  everywhere  the  same  when  subjected  to  the  same 
conditions  of  traumatism  or  disease.  Hence,  the  plastic  results  so 
readily  obtained  by  the  approximation  of  serous  surfaces  in  the  peri- 
toneum are  to  be  expected  in  the  surgery  of  the  blood-vessels.  Hence, 
also,  the  tendency  to  thrombosis  and  embolism  is  everywhere  the  same 
whenever  the  endothelium  is  injured  or  irritated  in  such  a  way  as  to 
destroy  or  impair  its  two-fold  function,  viz.,  the  preservation  of  the 
fluidity  of  the  blood  and  lymph  and  the  uninterrupted  continuity  of 
the  blood-  and  lymph-streams. 

The  veins,  however,  in  spite  of  their  close  kinship  to  the  arteries 
and  the  great  similarity  of  their  histologic  structure,  present  marked 
differences,  which  give  them  a  distinct  anatomic  and  physiologic  indi- 
viduality. The  veins,  like  the  arteries,  have  three  coats.  The  internal 
coat  of  the  veins  is  the  same  as  the  internal  coat  of  the  arteries,  form- 
ing the  only  coat  which  the  capillaries  possess,  and  is  the  intermediary 
link  which  continues  the  arterial  into  the  venous  system.  The  middle 
coat  is  composed  of  longitudinal  and  circular  elastic  fibers,  interlacing 
with  involuntary  muscular  fibers,  both  of  which  are,  however,  much 
less  abundant  than  in  the  arteries.  The  external  coat  is  formed  chiefly 
of  white  fibrous  tissue.  The  coats  of  the  veins  differ  from  the  arteries 
in  the  thinness  of  the  muscular  coat  and  in  the  presence  of  valves 
formed  by  duplication  or  folds  of  the  intima  or  serous  layer  in  the 
superficial  and  in  a  few  of  the  deep  veins.  The  thinness  of  the  mus- 
cular coat  of  the  veins  prevents  them  from  having  that  rotundity, 
elasticity,  and  contractility  which  is    so  characteristic  of  the  arteries; 
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it  also  permits  distention  or  bulging  of  the  vessels  when  there  is  some 
mechanical  impediment  to  the  free  return  of  venous  blood  to  the 
heart.  To  serve  this  purpose,  the  veins  possess  an  inherent  capacity 
of  limited  distention  which  is  never  acquired  by  normal  arteries. 
This  is  of  importance  in  connection  with  the  study  of  varices;  with 
the  known  greater  adaptation  of  the  veins  to  obstructive  injuries, 
and  also  in  the  greater  capacity  of  the  venous  collateral  circulation. 
Notwithstanding  the  thinness  of  the  walls  of  the  veins,  they  are  rela- 
tively as  strong  as  those  of  the  arteries.  The  total  capacity  of  the 
venous  system  is  estimated  to  be  fully  seven  times  greater  than  that 
of  the  arterial,  and  for  this  reason,  after  death,  the  entire  blood- 
content  of  the  arterial  system  is  readily  held  by  the  veins  after  the 
arteries  are  emptied  by  the  last  systolic  contraction  and  the  final 
contraction  of  the  arteries  (Stimson). 

The  presence  of  valves  is  a  peculiarity  of  veins.  The  valves  support 
the  blood  mechanically.  They  are  found  in  the  superficial  venous 
system  and  especially  in  the  lower  extremities.  This  point  has  an 
important  influence  upon  the  development  of  varices  and  other  ectatic 
diseases  of  veins.  While  these  valves  are  competent  to  resist  the 
normal  backflow  of  the  venous  current,  they  soon  yield  to  a  long-sus- 
tained pressure  which  is  greater  than  the  normal  intravenous  tension. 
Thus,  in  his  notable  experiments  on  the  production  of  arteriovenous 
anastomosis,  Alexis  Carrel  was  able  to  obtain  a  total  reversal  of  the 
blood-current,  so  that  the  veins  became  arterialized  whenever  the  full 
arterial  pressure  was  brought  to  bear  against  the  valves  by  a  direct 
end-to-end  anastomosis  with  a  vein.  In  this  way  the  femoral  and 
saphenous  veins  carried  the  arterial  blood  to  the  periphery,  reaching 
the  foot,  and  coming  back  as  venous  blood  in  the  arteries.  Under  these 
circumstances,  it  has  been  shown  by  histologic  examination  that  the 
veins  become  arterialized,  not  only  in  function,  but  in  structure,  and 
that  the  muscular  and  elastic  coats  of  the  veins  become  thickened  and 
hypertrophied,  thus  resembling  the  arteries.  This  is  a  beautiful  illus- 
tration of  the  law  of  physiologic  adaptation  of  structure  to  function. 

The  collateral  circuit  by  which  the  blood  finds  its  way  to  the  heart 
after  the  occlusion  of  the  great  venous  trunks,  especially  of  the  lower 
limbs  (femorals,  iliacs,  axillary,  cava,  etc.),  is  at  first  sight  more  difficult 
to  realize  than  in  the  arteries  where  the  progressive  subdivision  of  these 
vessels  and  the  high  blood-pressure  of  the  arterial  system  readily  pro- 
vide new  routes  for  the  arterial  flow  to  the  periphery  when  a  main 
channel  is  obstructed.  Abundant  clinical  demonstration  and  experi- 
mental evidence  show,  however,  that  the  venous  system  is,  neverthe- 
less, sufficiently  provided  with  collateral  routes  by  which  the  blood 
reaches  the  heart,  unless  prevented  by  unfavorable  conditions. 

When  these  five  conditions  are  present  (especially  when  the  integrity 
of  the  corresponding  arteries  is  maintained),  the  collateral  venous  circu- 
lation is  established  and  fatal  peripheral  stasis  from  obstruction  to  the 
main  venous  trunks  is  avoided.  In  addition  to  the  great  capacity  of 
the  anastomotic  network  and  the  peculiar  structure  of  the  venous  wall, 


142  SURGERY    OF    THE    VASCULAR    SYSTEM. 

which  makes  it  capable  of  dilatation,  the  remarkable  reproductive  and 
regenerative  capacity  displayed  by  veins  in  rapidly  forming  new  chan- 
nels, as  shown  after  the  thrombotic  obstruction  of  large  veins  by 
their  reproduction  over  large  areas  after  surgical  phlebectomies,  is  also 
to  be  considered  in  accounting  for  the  successful  reestablishment  of  the 
collateral  circulation  and  the  comparative  rarity  of  gangrene  in  the 
peripheral  parts  whenever  the  veins  alone  become  obstructed  at  the 
root  of  limbs  and  elsewhere. 

PHLEBITIS. 

Phlebitis  is  a  word  first  applied  by  Breschet  (1818)  to  designate  the 
inflammation  of  veins.  John  Hunter  was  one  of  the  first  observers  to 
associate  the  evil  effects  (septic  phlebitis),  which  sometimes  followed 
the  old  practice  of  venesection,  to  inflammations  of  the  veins. 
Later  came  the  notable  contribution  of  Cruveilhier  in  1834,  who, 
striving  to  account  for  the  constant  association  of  thrombosis  with 
phlebitis,  concluded  that  the  thrombus  formation  is  always  dependent 
upon  a  previous  inflammation  or  injury  of  the  veins.  In  this  view 
he  was  contradicted  by  Virchow,  who  maintained  that  the  phlebitis 
was  always  secondary  to  the  clotting  or  thrombus  formation  in  the 
veins.  For  years  Virchow's  views  prevailed,  but  at  present  Cruveilhier's 
dictum  that  thrombus  formation  is,  as  a  rule,  secondary  to  structural 
disease  of  the  endothelium  in  phlebitis  is  universally  accepted  (Bougl£). 
While  it  is  evident  that  there  are  exceptions  to  this  general  rule  and 
that  thrombus  formation  may  precede  the  development  of  the  phlebitic 
process,  or  the  degenerative  changes  in  the  endothelium,  with  which 
thrombosis  is  always  associated,  it  may  be  said  that  this  state- 
ment applies  to  all  forms  of  septic  phlebitis  in  which  the  inflammatory 
or  degenerative  process  is  started  by  the  direct  deposition  of  micro- 
organisms in  the  intima  by  the  blood-stream,  or  by  contact  with  irritant 
poisons  contained  in  the  blood  itself.  In  this  respect  septic  phlebitis 
differs  markedly  from  the  septic  arteritis,  the  inflammation  beginning 
in  the  latter  more  often  as  an  embolic  thrombo-arteritis,  caused  by  the 
detachment  of  a  septic  fragment,  set  free  from  the  heart  chambers  or 
their  valves,  the  embolus  becoming  lodged  in  some  peripheral  artery, 
where  it  starts  a  secondary  and  septic  arteritis.  Again,  it  must  also 
be  recognized  that  in  consequence  of  the  sluggish  circulation  of  the  veins, 
in  the  lower  extremities  particularly,  thrombotic  clotting  may  occur 
as  a  primary  factor,  especially  in  the  constitutional  diseases  in  which 
hemolytic  processes  are  going  on  with  great  liberation  of  agglutinins 
from  the  disintegrating  corpuscles;  it  is  also  possible  for  colonies  of 
microorganisms  to  become  localized  in  sluggish  areas  of  the  circulation 
and  cause  coagulation  by  the  ferment-like  action  of  their  toxins  before 
an  actual  or  appreciable  alteration  has  been  started  in  the  endothelium. 
This  must  be  a  very  exceptional  occurrence,  however,  and  it  may  be 
safely  asserted  that  thrombus  formation  rarely  occurs  in  the  venous 
system  without  a  primary  injury  or  disease  of  the  endothelium  as  a 
determining  factor. 
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Phlebitis,  with  its  associate  thrombosis,  is  a  far  more  frequent  patho- 
logic process  than  the  corresponding  lesion  of  the  arteries.  This  is 
readily  accounted  for  by — (1)  The  greater  thinness  and  permeability 
of  the  venous  coats,  which  allow  the  microorganisms  to  penetrate  them 
more  readily;  (2)  by  the  comparative  sluggishness  of  the  venous  circu- 
lation in  the  peripheral  parts;  (3)  by  the  superficial  and  more  exposed 
distribution  of  the  veins  in  the  subcutaneous  areas,  which  subjects 
them  to  more  frequent  obstructions  from  injuries  and  extraneous 
causes;  (4)  by  the  greater  coagulability  of  the  venous  blood. 

Classification. — In  a  general  way  phlebitis  may  be  subdivided 
into:  (1)  Aseptic;  (2)  toxic;  (3)  septic.  Aseptic  phlebitis  is  characterized 
by  the  limitation  of  the  local  tissue  changes  involved  in  the  process  of 
repair  and  regeneration,  and  is,  therefore,  not,  .surgically  speaking, 
inflammatory.  The  term  phlebitis  is,  therefore,  scarcely  justifiable  in 
such  cases. 

Toxic  Phlebitis. — The  word  aseptic  has  also  been  used  to  distinguish 
certain  non-purulent  forms  of  phlebitis  of  obscure  etiology,  in  which 
there  are  unmistakable  degenerative  changes  in  the  endothelium,  if 
not  positive  inflammatory  signs,  and  of  which  venous  thrombosis  is 
an  unfailing  accompaniment.  In  these  cases  the  process  resolves 
itself  without  suppuration  and  without  any  clinical  or  bacteriologic 
evidence  of  direct  microbic  infection.  In  this  group  the  presumable 
cause  of  phlebitis  is  a  toxinemia,  caused  by  the  presence  in  the  blood 
of  autogenic .  and  metabolic  poisons  or  of  heterogenic  toxins;  these 
acting  as  irritants  (amboceptors,  Ehrlich)  cause  destructive  changes 
in  the  protoplasm  of  the  cells,  which  favor  thrombus  formation.  These 
degenerative  structural  changes  may,  for  convenience,  be  classed  as  in- 
flammatory, though  they  are  never  associated  with  the  violent  leukocytic 
reactions  which  characterize  the  true  inflammations  (Grawitz).  Gouty, 
rheumatic,  chlorotic,  cachectic,  and  many  of  the  aseptic  postoperative 
thromboses  are  examples  of  this  group. 

Septic,  Non-pyogenic  Phlebitis. — On  the  other  hand,  there  is  a 
large,  group  of  phlebites  which  develop  in  the  course  of  infectious  diseases 
as  an  intercurrent  infection,  which  also  resolve  in  a  benign  way  after 
going  through  a  non-purulent  course.  In  this  group  the  degenerative 
or  inflammatory  changes  which  go  on  in  the  inner  coat  of  the  vessel  are 
also  of  toxic  origin  rather  than  of  direct  bacterial  etiology.  But  as 
the  toxinemia  is  dependent  upon  bacterial  activity  (toxins,  toxalbumins, 
etc.)  and  upon  the  presence  of  pathogenic  (not  pyogenic)  cocci,  which 
may  have  colonized  in  some  parts  of  the  organism  outside  of  the  seat 
of  the  phlebitis  (not  essentially  dependent  upon  autogenic  poisons, 
as  in  the  toxic  type),  we  should  group  these,  for  convenience,  under 
the  general  title  of  septic  non-pyogenic  phlebitis.  This  group  includes 
probably  the  majority  of  the  phlebites  which  occur  in  the  course  of  the 
general  febrile  infections,  typhoid,  typhus,  pneumonia,  the  exanthemata, 
influenza,  appendicitis,  and  in  other  postoperative  states. 

Septic  pyogenic  or  purulent  phlebitis  is  the  second  and  most  for- 
midable division  of  this  septic  group.     It  is  essentially  dependent 
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for  its  causation  upon  the  localization  and  colonization  of  pyogenic 
micro-organisms  (staphylococci  and  streptococci)  in  the  venous  walls, 
thus  accounting  for  the  great  tendency  to  migration  and  metastasis 
displayed  by  infections  of  this  type.  The  most  notable  examples  of 
this  group  are  the  progressive  and  purulent  phlebitis  of  the  lateral  or 
sigmoid  sinus  consequent  upon  middle-ear  disease;  in  the  especially 
malignant  type  of  facial  thrombophlebitis  caused  by  carbuncles  and 
furuncles  of  the  upper  lip,  the  disease  spreading  rapidly  through  the 
ophthalmic  veins  to  the  cavernous  sinus,  thence  to  the  meninges 
and  the  brain;  in  pyelophlebitis  or  portal  phlebitis  after  intestinal, 
peritoneal,  and  especially  appendicular  infections;  and  as  a  sequel  of 
virulent  ulcers,  abscesses,  and  wounds  of  the  lower  extremities.  In  all 
these  forms  of  phlebitis,  excluding  the  strictly  aseptic  type,  progressive 
purulent  thrombosis  occurs  in  the  veins — hence  the  term  thrombo- 
phlebitis, which  is  used  synonymously  with  phlebitis,  because  of  the 
universal  association  of  blood-clotting  with  the  infectious  lesions  of 
these  vessels. 

The  prefixes  peri-,  meso-,  and  endo-phlebitis  are  applied  here  as  in 
arterial  pathology,  to  distinguish  not  the  limitations  of  the  inflam- 
matory process  or  the  infection  to  either  one  of  the  three  coats  of  the 
artery,  but  to  accentuate  or  indicate  the  starting-point  of  the  process 
and  the  seat  of  the  most  marked  lesions.  All  forms  of  phlebitis  invari- 
ably involve  all  the  tunics  and  reach  the  endothelium  or  the  intima, 
either  as  an  initial  or  a  terminal  process.  In  all  the  toxic  and  non- 
pyogenic  forms  the  process,  as  a  rule,  is  started  in  the  endothelium  as 
an  endophlebitis  (typhoid,  typhus,  pneumonia,  gout,  the  exanthe- 
mata). In  the  acute  pyogenic  forms  the  process  begins  as  an  endo- 
phlebitis, even  when  metastatic  abscesses  are  created  by  migratory 
pyogenic  emboli  in  the  lungs,  liver,  spleen,  kidneys,  etc.,  from  frag- 
ments of  originally  autochthonous  septic  thrombi.  Often,  however, 
the  purulent  phlebitis  is  initiated  in  the  adventitia  as  a  perivenous 
infection  by  direct  inoculation  with  septic  organisms  contained  in 
neighboring  purulent  foci  (sigmoid  sinusitis,  in  middle-ear  disease, 
phlebitis  in  appendicular  abscess,  phlebitis  in  acute  phlegmon  of 
the  neck).  In  other  instances,  the  nature  of  which  is  still  under 
investigation  and  in  which  the  pathology  of  the  phlebitic  process  lies 
on  the  border-line  between  degeneration  and  chronic  inflammation, 
the  media  is  apparently  the  seat  of  the  initial  lesion.  This  is  the  group 
of  the  phleboscleroses  (analogous  to  the  arterioscleroses),  in  which  the 
lesion  insidiously  attacks  the  muscular  and  elastic  tunics  of  the  media 
and  gradually  involves  the  intima,  leading  then  to  atheromatous  and 
thrombotic  deposits  in  the  veins  and  proliferative  changes  in  the  endo- 
thelium, which  contract  the  lumen  of  the  vessel  (varicose  veins). 

In  accordance  with  the  duration  and  extent  of  the  inflammatory 
process,  phlebitis  may  be  acute,  subacute,  or  chronic,  partial,  circum- 
scribed, or  diffuse. 

John  Hunter  classified  phlebitis  into  three  clinical  types:  (1)  The 
adhesive  or  plastic  forms;  (2)  the  suppurative  or  purulent  form;  and  (3) 
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the  ulcerative  form.  This  classification  has  remained  classic  almost 
up  to  the  present  time  Hunter  could  not  conceive  of  any  so-called 
aseptic  form;  his  plastic  form  is  included  in  our  toxic  non-pyogenic 
septic  forms;  his  suppurative  form  is  our  pyogenic  septic  form,  and  his 
ulcerative  form  is  merely  a  derivation  of  the  diffuse  type  of  our  present 
circumscribed  purulent  or  pyogenic   phlebitis. 

Etiology  and  Pathogenesis.— The  etiology  of  all  forms  of 
phlebitis,  with  the  exceptions  previously  mentioned,  is  inseparably 
linked  with  microbic  infection  and  the  autogenic  toxic  processes  involved 
in  certain  forms  of  perverted  metabolism  (gouty  rheumatism).  The 
toxic  or  septic  form,  with  which  we  are  especially  concerned,  is  asso- 
ciated with  the  presence  of  the  pyogenic  organisms,  staphylococci, 
streptococci,  pneumococci,  bacillus  typhosus,  bacillus  tuberculosis,  the 
micro-organisms  of  the  exanthemata,  of  syphilis,  and  other  genera.  Phle- 
bitis spreads  most  frequently  by  direct  continuity  of  surface,  as  in  the 
malignant  thrombophlebitis  of  the  facial  veins  following  furuncle  or  car- 
buncle of  the  upper  lip;  after  operations  upon  hemorrhoids  and  other 
rectal  diseases,  which  involve  the  hemorrhoidal  plexus,  and  in  appendi- 
citis, when  the  septic  phlebitis  spreads  to  the  portal  radicles  and  ends  as 
a  portal  thrombophlebitis;  in  intestinal  ulcerations  the  phlebitis  spreads 
to  the  mesenteric  plexus,  causing  mesenteric  thrombosis  and  obstructive 
gangrene  of  the  intestines.  The  same  process  is  observed  in  some  forms 
of  puerperal  pelvic  infection  6r  after  operations  upon  the  uterus  and 
adnexa,  in  which  the  infection  spreads  in  the  direction  of  the  blood 
current  from  the  uterine  cavity  or  walls  to  the  veins  in  the  broad 
ligaments,  thence  to  the  external  iliac  and  femoral  veins. 

Metastatic  Phlebitis. — Again,  in  other  instances  in  which  the 
phlebitis  is  started  at  a  distance  from  the  original  focus,  the  "leap" 
from  the  primary  focus  to  the  seat  of  the  phlebitis  can  only  be  accounted 
for  by  metastasis,  as  when  the  infection  introduced  in  a  dissecting-room 
puncture  of  the  index-finger  is  followed  by  a  thrombophlebitis  of  the 
femoral  veins  (Charcot),  or,  conversely,  when  an  infected  wound  of 
the  knee  is  followed  by  a  phlebitis  of  the  jugular  and  subclavian  veins 
(Qu6nu).  Such  "leaps"  at  a  distance  can  only  be  accounted  for  by 
the  fact  that  the  infecting  bacterial  colonies  have  entered  the  venous 
stream  and  have  succeeded  in  filtering  through  the  pulmonary  plexus, 
or  through  the  direct  communicating  channels  described  by  Webber, 
which  allow  an  embolus  to  travel  directly  from  the  pulmonary  artery  to 
the  venous  radicles  in  the  lungs,  etc.  In  this  and  other  ways  an  embolus 
may  find  its  way  directly  from  the  right  to  the  left  side  of  the  heart 
and  engage  in  the  arterial  circuit.  In  ascending  abdominal  affections 
from  the  peritoneal  and  portal  tributaries  the  path  of  the  infection  may 
be,  as  shown  by  Retzius  and  Bernard,  by  the  portal  radicles  directly  to 
the  vena  cava,  through  the  liver,  and  through  the  capillaries  of  this 
organ,  which  are  wider  than  those  of  the  lung  (Gerulanos),  and,  there- 
fore, are  pervious,  not  only  to  bacteria,  but  to  minute  emboli. 

Mixed  Infections. — It  often  happens  that  in  the  course  of  many 
infections  of  non-pyogenic  character,  typhoid,  typhus,  etc.,  secondary 
vol.  v — 10 
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infections  occur  in  which  the  staphylococci  and  streptococci  play  a 
leading  part  and  cause  acute  types  of  phlebitis,  which  are  in  no  way 
connected  etiologically  with  the  original  disease.  Mixed  infections  of 
this  character  are  also  met  often  in  puerperal  phlebitis,  in  which  the 
gonococci  combine  with  the  pus-cocci  in  creating  the  most  formidable 
septic  disturbances.  As  in  all  infections,  it  is  important  to  bear  in  mind, 
in  the  pathogenesis,  that  traumatism  or  disease  involving  the  veins  will 
always  be  a  powerful  factor  in  favoring  the  localization  of  a  general  in- 
fection or  determining  the  regional  distribution  of  the  phlebitic  process. 

Thrombosis. — Whether  the  phlebitis  begin  as  an  endo-phlebitis  or 
a  peri-phlebitis,  the  immediate  primary  effect  of  the  contact  of  the 
micro-organisms  or  their  toxins  with  the  endothelium  of  the  vessels 
is  to  produce  certain  definite  changes  in  the  protoplasm  of  the  cells, 
which  lead  to  the  coagulation  of  the  blood  and  the  formation  of 
thrombi.     (For  the  consideration  of  Thrombosis,  see  Vol.  I.,  p.  418.) 

Embolism. — The  most  serious  and  dreaded  complication  or  sequel 
of  thrombosis  is  embolism.  (For  consideration  of  Embolism,  see 
Vol.  I.,  p.  444.) 

Symptomatology  and  Clinical  History  of  Phlebitis.— The  toxic, 
attenuated,  non-pyogenic  forms  and  non-traumatic  varieties  of  phlebitis 
occur  most  frequently  and  typically  in  the  lower  extremities,  where 
they  have  been  recognized  and  described  from  time  immemorial  under 
the  name  of  phlegmasia  alba  dalens — a  term  which  is  applied  at  the 
present  time  not  only  to  the  post-puerperal  type  of  thrombophlebitis, 
but  to  the  forms  observed  as  sequelae  or  intercurrent  complications  of 
abdominal  operations  and  the  infectious  diseases.  Usually  the  left 
lower  limb  or  leg  is  the  preferred  seat  of  the  affection  for  reasons 
explained  in  dealing  with  post-operative  thrombosis  (see  chapter  on 
Thrombosis  and  Embolism,  Vol.  I.,  p.  437). 

The  period  of  invasion  is  characterized  by  disturbances  in  temperature, 
fever,  malaise,  chilly  sensations,  rigors — often  so  slight  that  they  may 
pass  unnoticed.  Attention  to  the  limb  is  attracted  by  pain  which 
never  fails  (hence  the  adjective  dolens).  The  pain  may  be  dull  or 
acute,  is  usually  aggravated  by  the  least  motion  and  by  pressure 
along  the  line  of  the  deep  and  superficial  vein.  The  limb  becomes 
edematous  from  the  foot  to  the  thigh,  though  this  is  variable. 

While  edema  is  almost  an  invariable  accompaniment  of  venous  thrombosis,  its 
presence  is  by  no  means  easily  accounted  for.  Boddaert  has  shown  experimentally 
that  the  femoral  at  Poupart's  ligament  and  even  the  iliac  may  be  ligated,  without 
edema,  as  long  as  the  lymphatics  are  not  included.  When  the  main  lymph-channels 
are  also  involved,  then  edema  invariably  follows.  The  association  of  phlebitis  with 
lymphangitis,  the  extent  of  the  thrombus  in  the  vein,  and  the  propagation  of  the 
thrombotic  process  along  important  collaterals  account  for  the  different  behavior 
of  phlebitic  inflammations  in  regard  to  the  edema. 

Usually  when  there  is  edema  the  skin  is  tense,  white,  and  shining, 
and  does  not  pit  much  on  pressure.  The  inguinal  glands  enlarge,  the 
limb  feels  heavy  and  numb;  there  is  a  hypoesthesia  to  the  touch,  which 
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contrasts  with  the  acute  sensibility  of  the  veins.  Paresthesia  is  often 
observed,  which  is  due  to  coincident  peripheral  lesions  of  the  nerves 
(Klippel)  or  to  phlebitis  of  the  intrasciatic  or  venous  plexus  of  the  crural 
nerve  (Quenu).  On  palpation,  the  diagnosis  is  confirmed  by  feeling  the 
hard,  swollen,  rigid,  tender  cords  along  the  line  of  the  superficial  veins, 
and  less  distinctly  if  the  deep  veins  are  involved.  The  affected  leg  is  a 
little  warmer  than  the  other.  Later,  trophoneural  disturbances,  muscu- 
lar atrophy,  purpuric  eruptions,  and  permanent  alterations  in  the  skin 
set  in.  The  skin  also  often  presents  a  streaked  or  marbled  appearance, 
which  is  strikingly  in  contrast  with  the  pallor  and  whiteness  of  the 
surrounding  skin.  The  muscles  of  the  calf  contract  and  the  foot 
becomes  extended,  assuming,  in  long-standing  cases,  an  equinus  or 
equinovarus  attitude. 

In  the  milder  types  of  phlebitic  phlegmasias,  the  symptoms  may  all 
disappear  in  a  few  days  and  attract  little  or  no  attention.  When  the 
deep  veins  are  involved,  the  swelling  and  pains  as  well  as  loss  of  control 
may  continue  for  weeks  or  even  months.  The  phlebitis  may  relapse 
by  the  successive  invasion  of  new  territory,  each  invasion  being  charac- 
terized by  rigors  and  some  elevation  of  temperature.  The  inflammation 
sometimes  extends  across  from  one  iliac  vein  to  another,  forming  what 
French  authors  designate  as  the  "horseshoe"  type  of  iliofemoral  phle- 
bitis. This  is  always  a  serious  complication,  as  it  completely  disables 
the  patient  and  compels  the  horizontal  decubitus  for  an  indefinite 
length  of  time.  Hence,  the  frequency  of  bed-sores  from  direct  pres- 
sure and  defective  nutrition  (Bougl6). 

One  peculiarity  that  must  be  remembered  and  which  distinguishes 
the  venous  from  the  arterial  thrombi  is  the  absence  of  any  tendency  to 
gangrene  of  the  peripheral  parts  as  a  result  of  the  venous  obstruction. 

Purulent  or  Pyogenic  Phlebitis. — The  Limited  or  Circumscribed 
Type  (with  Pyemia). — This  differs  essentially  from  the  non-pyogenic 
and  toxic  varieties  above  described  by  the  intensification  of  all  the  local 
and  constitutional  signs  and  symptoms,  and  the  greater  acuteness  and 
rapidity  of  the  process.  When  the  phlebitis  originates  in  a  septic 
wound,  an  inflamed  ulcer,  carbuncle,  or  acute  phlegmon,  the  advent 
of  phlebitis  is  recognized  by  a  train  of  signs  and  symptoms  which 
usually  point  to  a  joint  involvement  of  lymphatics  and  veins  (acute 
phlebolymphangitis).  Pain  is  at  once  felt  in  the  limb  along  the  track 
of  the  inflamed  veins.  The  overlying  skin  becomes  hot,  red,  and  tender, 
and  the  lymphatic  nodes  in  the  groin  swell;  there  is  marked  edema, 
but  the  inflamed  venous  cords  can  be  readily  felt.  The  constitutional 
disturbance  is  marked:  rigors  and  high  temperature  (103°  to  105°  F.) 
of  a  remittent  or  intermittent  type,  followed  by  profuse  sweats.  The 
general  condition,  facies  of  anxiety,  dry  and  parched  tongue,  delirium, 
and  general  distress,  at  once  direct  attention  to  the  infectious  nature  of 
the  trouble.  The  contrast  between  this  angry  inflammatory  condition, 
with  its  red  and  inflamed  skin  and  high  fever,  and  the  white,  sometimes 
cold,  marbled  skin,  of  phlegmasia  alba  dolens,  with  its  mild  pyretic 
reaction,  is  most  striking.     The  leukocyte  count  will  show  a  marked 
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increase  in  the  polynuclear  and  blood-plate  count,  as  is  the  case  in  all 
the  pyogenic  processes,  contrasting  in  this  way  also  with  the  phlegmasia 
types,  in  which  there  is  a  comparatively  low  leukocytic  reaction.  The 
local  signs  in  a  few  days  tell  of  the  progressive  tendency  to  suppuration 
by  the  deep  infiltration  and  edema  over  the  inflamed  veins.  Areas  of 
softening  soon  develop,  fluctuation  is  felt  in  one  or  several  places  along 
the  line  of  the  vein,  and  periphlebitic  abscesses  will  discharge  sponta- 
neously or  can  be  evacuated  by  incision.  The  pus  is  reddish,  grumous, 
and  thick.  In  some  cases,  in  which  the  infection  is  less  virulent  or  the 
resistance  of  the  tissues  greater,  the  endophlebitic  foci  of  suppuration 
may  be  multiple,  but  they  will  appear  as  small  circumscribed  collections 
arranged  in  longitudinal  series,  suggesting  the  appearance  of  a  chaplet 
strung  on  a  thread.  In  these  cases,  if  the  vein  is  excised,  the  entire 
string  of  abscesses  may  be  enucleated  en  masse  with  the  vein.  These 
are  the  more  favorable  cases,  in  which  the  process  is  limited  and  the 
prognosis  more  favorable.  They  contrast  agreeably  with  the  diffuse 
pyogenic  variety,  in  which  the  thrombus  quickly  breaks  down  and 
softens  into  a  purulent  mass  which  is  soon  disintegrated  and  swept 
into  the  circulation.  This  type  is  more  often  met  in  the  jugular  tract, 
as  a  result  of  lateral  sinus  thrombosis  from  middle-ear  disease,  or  in 
carbuncles  of  the  lip  and  face,  which  spread  along  the  facial  and  oph- 
thalmic vein  to  the  sinuses  and  meninges  of  the  brain.  The  clinical 
picture  is  then  that  of  an  acute,  rapidly  progressive  septicemia.  The 
patient  may  die  in  a  few  days  or  even  hours,  totally  overwhelmed  by 
the  intensity  and  diffusion  of  the  toxins,  or  if  he  survive  long  enough  will 
succumb  ultimately  to  exhaustion,  marasmus,  and  a  chronic  pyrexia 
of  a  hectic  type,  consequent  upon  the  succession  of  metastatic  abscesses 
which  develop  from  multiple  pyogenic  infarcts  in  the  lungs,  liver, 
kidneys,  brain,  heart,  the  serous  cavities,  and  the  joints. 

Diagnosis. — The  diagnosis  of  phlebitis  is,  as  a  rule,  simple  and 
unmistakable.  Lymphangitis  is  frequently  associated  with  the  process, 
especially  in  the  acute  pyogenic  variety.  The  association  with  lym- 
phangitis always  exaggerates  the  edema,  the  redness  of  the  skin,  and 
the  enlargement  of  the  glands.  In  some  of  the  varieties  of  toxic  phle- 
bitis, the  local  signs,  often  marked  externally  by  a  normal  appearance, 
may  be  confused  with  those  of  muscular  rheumatism  and  even  with 
periostitis.  Sometimes,  the  first  suspicion  of  the  existence  of  phlebitis 
is  only  roused  by  the  occurrence  of  symptoms  of  embolism  in  the  pul- 
monary tract  or  in  the  internal  organs.  As  a  rule,  the  diagnosis  of 
phlebitis,  when  we  bear  in  mind  the  clinical  history  previously  given, 
is  easily  established. 

Prognosis. — Phlebitis,  of  no  matter  what  kind,  is  always  a  source  of 
grave  concern,  more  especially  in  the  pyogenic  forms.  Its  dangers 
must  never  be  overlooked,  even  in  the  mildest  cases,  or  in  the  most 
aseptic  interventions  on  the  veins.  Even  after  apparent  complete 
recovery,  death  may  occur  suddenly  from  displacement  of  a  clot. 
P.  Merklen  (1900)  has  called  special  attention  to  this  class  of 
cases  in  which  fatal  pulmonary  embolism  has  occurred  weeks  and  even 
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months  after  apparent  recovery  from  phlebitis.  In  the  acute  diffuse 
pyogenic  form  in  the  neck  and  large  venous  trunks,  the  prognosis  is 
fdmost  invariably  fatal. 

Treatment. — The  treatment  of  phlebitis  may  be  classified  into 
preventive  and  curative,  the  latter  being  subdivided  into  (a)  general, 
symptomatic  or  constitutional,  and  (6)  local  or  surgical. 

The  preventive  treatment  is  summed  up  in  the  word  "  asepsis." 
The  influence  of  asepsis  in  wounds  has  completely  revolutionized  sur- 
gical practice,  and  the  old  fatal  types  of  pyemia  and  septicemia,  which 
depended  upon  a  primary  septic  lymphophlebitis,  have  now  practi- 
cally vanished.  Septic  and  pyogenic  phlebitis  still  remains  as  a 
consequence  of  accidental  wound  contaminations  and  as  a  penalty 
for  the  neglect  of  surgical  cleanliness.  There  are  also  several 
special  groups  of  phlebitis  which  prevail  in  consequence  of  con- 
stitutional and  unavoidable  endovenous  infections,  against  which 
there  is  little  or  no  available  method  of  prevention.  In  the  lateral 
sinus  infections  of  otitic  origin  and  in  the  postoperative  group  certain 
precautions,  especially  in  maintaining  the  asepsis  of  the  auditory  canal 
in  the  former,  and  avoiding  unnecessary  trauma  as  well  as  main- 
taining rigorous  asepsis  in  the  latter,  may  be  regarded  as  the  only 
available  means  of  preventing  phlebitic  complications.  Preventive 
treatment,  by  the  use  of  internal  remedies  which  diminish  the  coagula- 
bility of  the  blood,  such  as  Wright's  citric  acid  treatment,  is  recom- 
mended as  a  preventive  of  thrombosis  in  the  terminal  stage  of  the 
great  infections  (typhoid,  typhus,  the  exanthemata,  etc.),  in  which 
the  tendency  to  coagulation  is  increased.  This  mode  of  treatment 
will  always  be  of  very  restricted  value,  because  it  does  not  counteract 
the  primary  cause  of  the  thrombus  formation,  which  lies  in  some  form 
of  toxinemia  of  combined  exo-  and  endogenic  origin.  An  effective  or 
abortive  treatment  should  consist,  theoretically,  in  the  prompt  adminis- 
tration of  a  reliable  antitoxin  of  a  polyvalent  type,  which  could  at 
once  neutralize  or  inhibit  the  further  growth  of  the  bacteria  in  the 
veins  or  elsewhere.  The  anticipation  caused  by  the  success  of  diph- 
theria antitoxin  has  not  yet  been  realized  in  connection  with  the 
streptococcal  and  staphylococcal  infections,  in  spite  of  the  efforts  made 
to  procure  reliable  antitoxic  sera.  But  it  is  only  in  this  direction  that 
we  may  expect  to  prevent,  abort,  or  arrest  the  progress  of  the  infec- 
tions which  are  the  cause  of  the  most  fatal  types  of  thrombophlebitis. 

The  curative  treatment  may  be  constitutional  or  symptomatic,  local 
or  surgical.  The  constitutional  treatment  is  directed  to  the  removal 
of  the  general  cause,  if  possible,  as  in  the  gouty,  rheumatic,  syphilitic, 
and  chlorotic  cases;  beyond  this,  there  is  no  specific  treatment.  The 
antistreptococcal  and  staphylococcal  sera  are  usually  prescribed  in 
the  diffuse  septic  forms,  but  thus  far  more  as  a  forlorn  hope  rather  than 
with  the  expectation  of  accomplishing  any  definite  results.  The  same 
unfavorable  experience  has  attended  the  administration  of  the  silver 
salts  (Cr£de)  by  inunction  or  by  intravenous  injection  of  collargolum. 
Nothing  can  be  said  in  special  favor  of  the  intravenous  injection  of  anti- 
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septic  substances  (formalin  solutions),  nitrate  of  silver,  or  bichlorid 
of  mercury,  all  of  which  would  tend  to  do  harm  in  the  treatment  of 
phlebitis  by  a  decided  hemolytic  action  which  would  favor  thrombus 
formation  without  compensatory  bactericidal  action. 

Symptomatic  treatment,  on  the  other  hand,  is  always  indicated  to 
diminish  pain,  to  support  and  strengthen  the  circulation,  and  to  favor 
elimination.  The  main  reliance  is  to  be  placed  upon  the  local  treatment. 
combined  with  good  nursing,  appropriate  food,  and  moderate  stimu- 
lation. The  local  treatment  is  summed  up  in  the  following  indications: 
(1)  Immobilization  and  absolute  rest  of  the  affected  limb;  (2)  elevated 
position  of  the  foot  of  the  bed  or  of  the  limb  to  favor  the  drainage  of 
the  venous  current  toward  the  trunk.  It  should  be  covered  with  cot- 
ton batting,  and  bandaged  over  a  padded  gutter-splint  of  cardboard, 
extending  from  the  foot  to  the  thigh  to  immobilize  the  knee. 
In  the  superficial  inflammations  with  much  redness  and  heat  an 
even  layer  of  any  of  the  kaolin  mixtures  may  be  applied  between 
thin  layers  of  gauze,  like  an  antiseptic  poultice,  over  the  entire 
extremity  and  especially  over  the  inflamed  parts.  A  saturated 
watery  solution  of  ichthyol,  painted  over  the  entire  surface,  will 
also  prove  decidedly  beneficial  in  cases  complicated  with  lymphan- 
gitis. Unguentum  Cr£de,  mercurial  ointment,  and  so-called  local 
resolvent  lotions  have  been  recommended  and  applied,  but  none  of 
these  can  compare  in  their  beneficial  effect  with  kaolin  poultices,  with 
or  without  ichthyol,  or  the  liberal  application  of  broad  compresses, 
thoroughly  saturated  with  a  weak  lead-and-opium  lotion,  which  acts 
not  only  as  a  local  astringent,  but  as  a  marked  sedative.  Immobili- 
zation and  rest  should  be  maintained  for  a  month  or  more.  From 
this  extreme  conservatism  the  pendulum  of  professional  opinion  is 
now  swinging  in  the  opposite  direction — i.  e.,  toward  applying  early 
passive  movements  when  the  signs  of  the  acute  infection  have  passed, 
as  shown  by  normal  temperature,  a  subsidence  of  the  edema,  and  soften- 
ing of  the  hard  venous  cords.  At  this  stage  we  recommend  gentle 
passive  movements  of  the  joints  and  tentative  surface  stroking  (effleur- 
age)  at  a  distance  from  the  lines  of  infection,  in  order  to  improve  the 
nutrition  of  the  limb  and  activate  the  sluggish  circulation.  Massage 
is  dangerous,  and  should  not  be  attempted  until  months  after  complete 
convalescence  has  been  established. 

The  operative  treatment  of  acute  septic  thrombophlebitis  has 
in  view  three  indications,  and  the  procedures  adopted  must  vary 
according  to  these:  (1)  Ligation  of  the  vein  between  the  thrombotic 
focus  and  the  uninfected  vein  on  the  cardiac  side,  in  order  to  obstruct 
the  further  advance  of  the  infection,  and  thus  prevent  the  entrance  of 
septic  emboli  into  the  circulation;  (2)  removal  of  the  primary  focus 
of  infection,  either  by  (a)  direct  incision  into  the  vein,  evacuation  of 
the  septic  thrombus  and  drainage,  or  (b)  by  the  extirpation  of  the  in- 
fected veins  with  the  contained  clot  and  its  septic  contents. 

These  principles  have  been  extensively  applied  to  the  treatment  of 
phlebitis  already  complicated  by  pyemia  and  septicemia,  or  in  which 
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these  dreaded  complications  were  anticipated.  The  older  surgeons, 
who  had  to  contend  with  septic  phlebitis  much  more  frequently  and 
disastrously  than  the  surgeons  of  the  modern  period,  fully  realized 
the  advantages  of  protecting  the  circulation  by  putting  obstacles  in 
the  way  of  infection,  but  the  septic  methods  at  their  command  often 
aggravated  the  evil  by  adding  further  infection  as  a  result  of  their 
procedures.  In  this  way  the  practice  of  prophylactic  ligation,  throm- 
bectomy, and  phlebectomy  in  septic  phlebitis  fell  into  disrepute,  and 
it  is  only  in  the  Listerian  period  that  surgical  intervention  again 
boldly  asserted  itself,  and,  in  contemporary  practice,  has  accomplished 
in  this  field  some  of  its  most  brilliant  achievements. 

The  greatest  progress,  however,  has  been  accomplished  in  the  treat- 
ment of  the  endocranial  sinus  infections  of  otitic  origin,  since  Zaufal 
(1880)  and  Horsley  (1886)  first  proposed  the  direct  drainage  and 
thrombectomy  of  the  lateral  sinus  combined  with  the  prophylactic 
ligature  of  the  internal  jugular.  The  first  operation  on  these  lines 
was  performed  by  Arburthnot  Lane  (1888),  followed  shortly  afterward 
by  Ballance  and  Makins  and  a  host  of  others.  Not  satisfied  with  the 
simple  drainage  of  the  lateral  sinus  at  the  mastoid,  later  operators 
(Lambotte,  Chipault)  have  gone  further  in  arresting  the  progress  of  the 
infection  to  the  other  sinuses  by  ligating  the  lateral  sinus  close  to  its 
origin  at  the  torcular  Herophih,  Vidal  (1901)  actually  resecting  the 
lateral  sinus  from  its  origin  to  the  mastoid  in  order  to  better  control 
the  infection.  Macewen  has  successfully  attacked  the  superior  longi- 
tudinal sinus  three  times  for  septic  phlebitis. 

The  conquests  of  surgery  in  the  infections  of  the  dural  sinuses  and 
in  the  treatment  of  phlebitis  of  the  extremities  have  stimulated  surgeons 
to  invade  other  and,  up  to  quite  recently,  forbidden  territories.  Of 
these,  the  operative  treatment  of  puerperal  septic  thrombophlebitis  is  a 
notable  example.  This  recent  acquisition  has  been  developed  chiefly 
through  the  advocacy  of  Trendelenburg.  Suppel  (1894)  was  the  first 
to  suggest  that  in  doing  hysterectomy  for  puerperal  pyemia  the  adja- 
cent thrombotic  veins  should  also  be  removed.  Freund  (1896),  Bumm, 
and  Trendelenburg  were  the  first  to  act  on  this  suggestion.  The 
thrombosed  and  infected  utero-ovarian  and  internal  iliac  veins  are  ligated 
either  by  the  intraperitoneal  incision  of  Bumm  or  the  extraperitoneal 
method  of  Trendelenburg.  Thus  far,  20  cases  have  been  reported 
from  the  clinics  of  Freund,  Trendelenburg,  Michel,  Bumm,  Hackel, 
Opitz  and  Friedmann  (Faix),  of  which  13  died  and  7  recovered — a 
heavy  mortality,  it  is  true,  but  when  we  consider  that  85  per  cent,  of 
this  class  of  patients  die  when  treated  by  non-surgical  methods  (Bumm), 
the  results  of  these  pioneer  efforts  are  not  altogether  discouraging. 

The  successful  interventions  of  surgery  in  thrombophlebitis  of 
the  mesenteric  veins  and  portal  radicles,  complicated  with  gangrene 
of  the  intestines,  have  also  gradually  increased  since  the  surgical  import- 
ance of  thrombotic  and  embolic  obstruction  of  the  mesenteric  vessels 
was  first  pointed  out  by  Deckart  (1900).  Brunner,  in  the  latest  publica- 
tion, has  collected  altogether  89  cases  of  venous  thrombosis,  32  of  which 
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were  operated  upon,  with  5  recoveries,  including  his  own  case.  Add- 
ing to  these  2  more  cases,  which  recovered  after  operation  for  arterial 
obstruction,  there  are  6  recoveries  recorded  out  of  57  operations. 
Considering  the  absolute  certainty  of  death  without  operation,  the  dis- 
proportion between  the  recoveries  and  death  is  not  so  appalling. 

VARICOSE  VEINS;    PHLEBECT ASIS ;    VENOUS  VARIX. 

Varicose  veins  is  a  term  applied  to  designate  a  permanent  dilatation 
of  veins  due  to  changes  in  their  walls.  If  the  term  phlebectasis  is  used 
to  distinguish  the  cylindrical,  fusiform,  and  tortuous  (cirsoid)  dilatations, 
the  name  varix  may  be  restricted  in  its  application  to  the  circumscribed, 
sacculated  dilatations  in  which  pouches  are  formed  by  the  venous  walls, 
separated  by  constrictions  or  irregular  narrow  intervals  (Kauffmann). 
The  manifold  transition  forms,  however,  have  led  to  the  use  of  both 
words  as  synonymous  terms. 

Etiology. — The  causes  of  varicose  dilatation  in  veins  are  various. 
Sometimes  the  condition  is  congenital.  In  these  very  exceptional 
instances  the  varices  are  in  the  upper  extremities  and  are  unilateral. 
It  sometimes  has  been  seen  in  the  lower  extremity.  A  congenital 
malformation  or  a  dystrophy,  involving  the  elastic  and  muscular  layers 
of  the  veins,  can  alone  account  for  this  state. 

Predisposing  Causes. — Age. — Miller  found  that  in  108  operative 
cases  in  Halsted's  clinic  the  varices  appeared  in  one-third  of  the  cases 
before  the  thirtieth  year  and  two-thirds  before  the  fortieth.  Sex. — 
Males  are  more  often  affected  than  females  (57  per  cent,  males;  43  per 
cent,  females).  Pregnane}/  exercises  an  influence  independent  of  the 
mere  mechanical  interference  of  the  gravid  uterus  with  the  pelvic 
veins,  as  varices  often  appear  in  the  legs  in  the  first  months  of  gestation. 
If  an  abortion  occurs,  the  varices  will  often  disappear.  Arterioscle- 
rosis is  undoubtedly  an  important  factor  and,  in  fact,  the  varicose 
process  itself  is  distinctly  of  a  sclerogenic  character,  corresponding  to 
the  same  process  in  the  arteries.  Nervous  diseases  in  which  there  is  a 
loss  of  vasomotor  control.  Chronic  phlebitis,  which  produces  structural 
changes  in  the  venous  walls. 

Exciting,  Determining,  or  Localizing  Causes. — One  is  the  ana- 
tomic and  physiologic  conditions  peculiar  to  the  venous  distribution  in 
certain  regions.  Thus  the  frequency  of  varicose  veins  in  the  lower 
extremities  (in  108  operative  cases  Miller  found  the  right  leg  involved 
21  times;  the  left  alone,  25  times,  and  in  74,  both  limbs)  is  accounted 
for  by  the  hydrodynamic  influence  of  gravity  in  the  erect  posture. 
The  lack  of  perivascular  support  in  the  saphenous  and  other  super- 
ficial veins;  the  interference  with  the  return  flow  by  the  constantly 
repeated  contractions  of  the  deep  muscles  and  the  aponeuroses  of  the 
calf;  the  weakness  and  often  congenital  deficiency  of  the  valves; 
occupations  which  compel  the  erect  posture,  combined  with  hard 
labor  (washerwomen,  cooks,  laborers,  clerks,  etc.),  and,  in  fact,  all 
conditions  which  favor  venous  stasis  and  strain  the  valves  (trauma- 
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tism),  thereby  increasing  the  intravenous  tension  (Trendelenburg), 
determine  the  localization  of  the  process  in  certain  regions,  more  espe- 
cially in  the  lower  extremities,  rectum,  spermatic  cord,  etc. 

But,  in  addition  to  this  mechanical  factor,  there  are  other  elements 
which  must  be  considered  as  necessary  to  the  pathogeny  of  the  process. 
By  forcing  the  valves,  the  mechanical  factors  may  lead  to  chronic 
degenerative  changes  which  destroy  the  elasticity  of  the  veins,  bringing 
about  a  compensatory  phlebosclerosis.  At  other  times  a  true  phlebo- 
sclerosis  lays  the  foundation  for  the  venous  ectasis,  and  this  is  more 
probably  the  fundamental  trouble  in  the  majority  of  cases. 

Histologic  changes  observed  in  the  walls  of  the  varicose  vein 
show  that  the  primary  and  essential  lesion  is  seated  in  the  media,  as 
in  arteriosclerosis.  There  is  first  a  marked  thickening  with  hypertrophy 
of  the  muscular  and  elastic  elements  in  the  veins  to  compensate  for 
the  increased  intravenous  tension.  Then  follows  the  atrophic  stage,  in 
which  the  muscular  and  elastic  elements  gradually  disappear.  This 
change  is  particularly  well  observed  in  the  saphenous  veins,  which  are 
normally  provided  with  an  unusually  strong  muscular  coat.  The  walls 
are  ultimately  transformed  into  fibrous  inelastic  tubes,  which,  yielding  in 
places,  lead  to  the  pouching  or  sacculation  of  the  walls.  The  valves  also 
become  atrophied  and  are  reduced  to  fibrous  stumps.  The  fibrosis 
spreads  from  the  veins  to  the  perivascular  sheath  and  connective  tissue, 
causing  adhesions  of  the  affected  vein  to  its  surroundings.  In  some 
parts  of  the  vessel  this  proliferation  of  the  intima  is  so  great  that  the 
lumen  of  the  vessel  is  often  obliterated.  When  thrombosis  occurs,  cal- 
cic infiltration  is  likely  to  follow,  and  in  this  way  venous  calculi  or 
phleboliths  are  formed.  The  varix,  which  may  gradually  attain  the 
size  of  a  hen's  egg,  becomes  a  blood-cyst  through  strangulation  at  its 
base.  Large  tortuous  veins  frequently  intercommunicate,  as  the  tor- 
tuous walls  and  pouches  blend  with  each  other  at  points  of  contact 
and  are  perforated  as  the  result  of  pressure  atrophy  (anastomotic 
varix).  The  effect  of  this  phlebosclerotic  process  is  to  elongate  the 
veins,  as  sclerosis  does  the  arteries.  In  the  veins  this  elongation  is 
much  more  marked  as  the  vessels  become  much  more  tortuous  and 
convoluted,  owing  to  the  lesser  resistance  and  thickness  of  their 
walls. 

Secondary  Lesions. — In  the  vicinity  of  the  varicose  veins  changes 
are  observed  in  the  adjoining  arteries  (sclerosis),  in  the  nerves  (inter- 
stitial or  perineural  fibrosis,  Qu£nu),  the  varicose  process  also  attack- 
ing the  veins  in  the  large  nerves,  especially  the  sciatic;  in  the  skin, 
which  undergoes  marked  trophic  changes  and  becomes  eczematous. 
At  first  thin  and  hardened,  the  skin  becomes  adherent  to  the  subcuta- 
neous connective  tissue  and  aponeuroses,  involving  at  the  same  time 
the  lymphatics  and  causing  a  secondary  hard  edema  and  hyper- 
trophy of  the  corium,  known  as  elephantiasis  phlebectatica.  The 
associate  degenerative  changes  lead  to  an  interstitial  myositis.  The 
bones  undergo  a  rarefying  process  (osteoporotic  osteitis)  and  in  some 
cases  hyperplasia.     Most  of  these  changes  are  especially  marked  in  the 
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vicinity  and  margins  of  the  varicose  ulcers,  which  usually  appear  on  the 
inner  lower  aspect  of  the  leg  above  the  internal  malleolus. 

Clinical  Varieties. — Hemorrhoids  are  the  most  common  examples 
of  phlebectasis  and  varix  (see  Vol.  IV.,  p.  141). 

Next  in  frequency  are  the  varices  of  the  spermatic  cord  (varicocele, 
see  Vol.  IV.,  p.  610)  and  the  varicose  veins  of  the  lower  extremities. 
The  patients  are  usually  individuals  in  middle  life  who  are  compelled 
to  labor  while  standing;  multiparous  women  are  especially  prone  to  the 
latter  condition.  The  pressure  of  large  abdominal  tumors  and  other 
causes  of  intra-abdominal  pressure  also  favor  the  phlebectasis.  In 
the  region  of  the  internal  and  external  saphenous  the  veins  appear 
through  the  skin  as  bluish  ridges  and  tortuous  discolored  elevations, 
the  skin  becoming  thinned  and  bluish  and  reduced  in  many  places  to 
a  mere  pellicle.  The  insufficiency  of  the  valves  is  readily  demon- 
strated by  the  Trendelenburg  test  as  follows:  The  patient  is  placed 
in  the  lying  posture,  and  the  varicose  leg  is  grasped  by  the  foot 
and  lifted  to  a  perpendicular  or  oblique  position.  The  distended 
saphenous  will  at  once  collapse  as  the  blood  is  drained  toward  the  trunk. 
If  the  finger  of  the  examiner  is  then  applied  to  the  vessel  at  the 
saphenous  opening,  just  where  it  empties  into  the  femoral,  so  as  to 
compress  it  firmly  and  at  the  same  time  the  patient  is  instructed  to 
stand  up,  the  vein  will  continue  empty  until  the  finger  is  removed, 
when  it  will  quickly  fill  up  by  a  reflux  of  blood  from  above  downward, 
and  not,  as  in  normal  conditions,  from  below  up.  Coughing  will  also 
cause  a  wave  of  distention  or  undulation  by  reflux  in  the  vein,  which 
is  not  seen  in  the  normal  condition.  Likewise,  a  quick  tap  or  stroke 
on  the  proximal  side  of  the  vein  while  the  patient  is  standing  will  be 
felt  like  an  undulating  wave  on  the  trunk  of  the  vein,  distinctly  appre- 
ciable to  the  finger  (Schwartz's  test).  Fluctuation  can  also  be  elicited 
by  applying  pressure  at  two  points  in  the  course  of  a  vein,  when  the 
deep  and  superficial  veins  have  become  involved.  It  is  easily  under- 
stood that  muscular  contractions  in  the  peripheral  muscles,  instead  of 
favoring  the  return  flow  to  the  heart,  force  it  back  and  increase  the 
stasis  and  distention.  Delbet  demonstrated  the  influence  of  valvular 
insufficiency  in  increasing  the  intravenous  tension.  He  introduced 
a  cannula  in  the  central  end  of  a  varicose  saphenous  vein,  about  the 
middle  of  the  thigh,  after  previous  cocainization  of  the  skin.  The 
cannula  was  connected  with  a  mercurial  manometer,  which  at  once 
registered  a  positive  pressure  of  16  mm.  while  the  patient  was  in  repose. 
The  mercury  rose  to  16  cm.  after  moderate  exertion  and  to  26  cm.  when  a 
violent  lifting  effort  was  made.  Such  an  enormous  increase  in  the  intra- 
venous pressure  (which  should  have  been  negative  with  the  cannula 
inserted  on  the  cardiac  side  in  a  normal  vessel)  easily  accounts  for  the 
great  change  that  occurs  in  the  veins  when  the  stage  of  valvular  incom- 
petency exists. 

Queirolo  has  also  determined  by  careful  manometric  and  kymographic  tracings 
that  there  is  a  constant  arterial  hypertension  in  the  arteries  of  the  legs  of  varicose 
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subjects.  This  arterial  hypertension  is  reduced  to  normal  after  the  excision  of  the 
veins.  He  made  comparative  examinations  in  individuals  who  had  unilateral 
varices,  and  found  that  there  was  a  distinct  difference  between  the  abnormal  and  the 
normal  limbs.  He  suggests  that  the  local  hypertonus  may  be  due  to  a  secondary 
arteriosclerosis  consequent  upon  the  work  of  the  artery  in  overcoming  the  enor- 
mously increased  pressure  of  the  engorged  veins  when  the  valves  have  become 
incompetent. 

When  the  small  cutaneous  veins  are  invaded,  they  appear  as  fine, 
red,  injected  lines,  sometimes  in  radiating  groups,  forming  rosets 
under  the  skin.  The  upper  extremities  are  rarely  involved,  usually 
only  as  a  sequel  to  tumors  in  the  axillary  and  subclavian  regions; 
also  in  arteriovenous  aneurisms  and  in  the  neighborhood  of  racemose 
angeioma.  The  broad  ligaments,  the  bladder  and  prostate,  and  external 
genitals  often  become  involved  (uterovaginal,  vesical,  and  pudendal 
varices)  in  later  life. 

The  veins  of  the  abdominal  wall  become  distended  about  the  umbili- 
cus when  the  portal  vein  is  obstructed,  as  in  cirrhosis,  pyelothrombosis, 
etc.,  forming  the  peculiar  grouping  of  the  superficial  veins  called  the 
caput  Medusa?.  The  epigastric  veins  become  prominent  on  the  anterior 
abdomen,  and  the  thoracic  veins  along  the  costal  arches  become  ectatic 
whenever  mediastinal  or  intrathoracic  obstructions  occur. 

Complications. — (1)  Rupture  of  the  thin  varices,  followed  by 
hemorrhage,  either  subcutaneous  or  external;  (2)  phlebitis  and  lym- 
phangitis; (3)  ulcer;  (4)  neuralgia — are  the  most  frequent  and  char- 
acteristic complications  of  the  varicose  state. 

(1)  Ruptures  of  varicose  veins  sometimes  threaten  life  and  cause 
death.  The  bleeding  is  profuse  because  there  are  no  valves,  and  the 
systolic  impulse  is  increased.  Rupture  and  hemorrhage  occur  most  fre- 
quently in  hemorrhoids  (hence  the  name).  The  subcutaneous  ruptures 
cause  extensive  extravasations,  large  ecchymoses,  and  hematomas. 
When  the  deep  muscular  veins  rupture,  a  painful  sensation  is  ex- 
perienced, known  by  the  French  writers  as  the  "coup  de  fouet,"  or  the 
"  whiplash/9  not  only  because  of  the  pain,  but  on  account  of  the  ec- 
chymotic  discolorations  which  follow  a  few  days  later. 

(2)  Phlebitis. — The  stagnation  of  blood  and  the  degenerate  state  of 
the  varicose  veins,  as  well  as  their  exposed  position  in  the  extremities, 
subject  them  readily  to  accident.  Hence  great  care  must  be  taken  by 
subjects  of  varicose  veins  in  protecting  themselves  against  injuries, 
superficial  wounds,  and  excoriations,  no  matter  how  slight,  as  they 
readily  lead  to  septic  purulent  thrombophlebitis. 

Lymphangitis  is  frequently  associated  with  phlebitis  as  a  sequel  to 
injury  or  infection  in  the  extremities.  When  this  combined  infection 
occurs,  the  tendency  to  edema  and  superficial  redness  is  most  marked. 
There  is  pain  and  constitutional  disturbance;  the  neighboring  glands 
participating  in  the  process  and  often  undergoing  suppuration. 

(3)  Varicose  Ulcer. — This  is  one  of  the  most  constant  accompani- 
ments of  the  varicose  state  in  its  advanced  stages.  It  is  usually  situated 
on  the  inner  and  lower  aspect  of  the  leg,  along  the  track  of  the  internal 
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saphenous.  It  may  begin  as  a  superficial  blister,  excoriation,  or  scratch, 
brought  about  by  itching  and  eczema.  After  the  loss  of  epidermal 
protection,  the  tissues  become  an  easy  prey  to  infection  and  the 
ulceration  progresses  rapidly  and  obstinately,  on  account  of  the  dimin- 
ished resistance  of  the  tissues  caused  by  the  trophoneurotic  changes. 
Syphilitic  subjects  are  particularly  prone  to  this  form  of  ulceration, 
which  assumes  the  circular,  scooped-out  character  of  the  syphilitic 
ulcer.  The  eczema  which  accompanies  varicose  ulcers  is  usually  of  the 
dry  and  scaly  or  sweating  variety.  The  sensibility  of  the  skin  in  the 
periphery  of  the  ulcer  is  diminished.  The  subcutaneous  tissue  in  the 
chronic  neglected  cases  also  participates  in  the  fibroid  process,  especially 
when  the  lymphatics  are  involved,  causing  great  thickening  of  the 
skin,   which  simulates  elephantiasis. 

(4)  Neuralgias  are  frequent  accompaniments  of  the  advanced 
varicose  state,  though  neuralgia  along  the  sciatic  tracts  may  occur  in 
its  worst  forms  without  very  marked  varicosities  of  the  superficial  veins. 
Sciatic  neuralgia  of  varicose  origin  is  due  largely  to  the  develop- 
ment of  intraneural  varices  and  perineural  scleroses.  The  pain  is  felt 
with  greatest  intensity  in  the  gluteofemoral  region,  where  the  nerve 
becomes  more  superficial  after  its  exit  from  the  pelvis.  The  operation 
suggested  by  Qu6nu  for  the  relief  of  this  type  of  sciatica  consists 
essentially  in  the  exposure  of  the  nerve  and  the  direct  dissection  and 
extirpation  of  the  recognizable  intraneural  and  perineural  varices, 
followed  by  the  combing  or  raking  of  the  nerve  (hersage)  with  a 
coarse  brush  to  destroy  the  smaller  varicose  veins,  and  has  yielded 
good  results. 

Diagnosis. — The  clinical  recognition  of  phlebectasis  should  offer 
no  special  difficulties  when  the  superficial  vessels  are  involved,  which 
is  the  condition  met  in  the  vast  majority  of  cases.  The  diagnosis  only 
offers  some  difficulty  in  cases  of  cavernous  hemangeiomata,  which  may 
simulate  a  bunch  of  varicose  veins,  especially  when  seated  in  the  groin. 
.  The  deep-seated  varices  cause  no  special  notable  manifestation.  The 
large  pulsating,  purring  veins  in  arteriovenous  aneurisms  are  unmis- 
takable. Varix  in  the  femoral  canal  may  simulate  femoral  hernia,  but 
the  accompanying  enlargement  of  the  veins  and  the  disappearance  of 
the  swelling  by  gravity  alone  quite  suffice  to  differentiate  them. 

Treatment. — Hygienic  and  Preventive. — There  are  many  patients 
whose  varicose  veins  cannot  be  extirpated  or  relieved  by  surgical 
measures  on  account  of  associated  constitutional  states  or  diseases 
which  forbid  any  operation  except  in  conditions  of  imminent  danger 
to  life  from  rupture,  profuse  hemorrhage,  or  septic  infection  of  the 
varices — e.  g.y  diabetes,  nephritis,  cardiac  lesions  without  compensation, 
arteriosclerosis,  hemophilia,  and  the  purpuric  states,  cachectic  con- 
ditions, extreme  obesity,  etc.  Radical  operations  are  also  contrain- 
dicated  when  the  deep  veins  are  obliterated  by  previous  thrombo- 
phlebitis. In  other  cases  the  skin  is  undermined  and  involved  so 
extensively  that  the  varices  cannot  be  extirpated  without  enormous 
excision    of    the    overlying    skin.     In    these    patients,   however,    the 
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Trendelenburg  ligatures  and  other  palliative  operations  may  be  per- 
formed with  great  relief,  if  not  permanent  cure.  In  these  and  in 
incipient  cases,  in  which  the  varicose  state  causes  comparatively  little 
inconvenience,  the  proper  hygienic  care  of  the  limbs,  with  the  help 
of  an  external  support,  will  enable  the  patient  to  live  in  comparative 
ease.  Change  of  occupation,  habits,  etc.,  such  as  will  diminish  the 
strain  on  the  veins,  will  aid  materially.  The  skin  should  be  cared  for 
by  frequent  careful  bathing,  using  hot  or  cold  water,  rather  than 
lukewarm,  avoiding  garters  and  constricting  garments.  The  main 
reliance,  however,  must  be  placed  upon  properly  fitting  elastic  stock- 
ings, which  must  always  extend  from  the  foot  to  the  knee  or  higher, 
according  to  the  extent  of  the  varices,  never  to  be  used  as  sectional 
leggings  about  the  legs,  knee,  or  thighs  lest  they  aggravate  the  con- 
dition. Trusses  and  other  appliances  used  to  compress  the  saphenous 
in  the  groin,  with  a  view  of  preventing  the  reflux  of  blood  in  the 
valveless  vein,  never  accomplish  their  purpose.  No  drugs  or  internal 
treatment,  except  those  which  improve  the  general  health  and  the 
arterial  circulation,  can  accomplish  any  special  good. 

When  rupture  and  hemorrhage  occur  in  the  operable  cases,  the 
excision  of  the  bleeding  veins  under  local  anesthesia  can  be  readily 
effected  after  the  hemorrhage  has  been  arrested  by  an  aseptic  pad  and 
compressive  dressing,  supported  by  an  elastic  bandage  or  stocking.  In 
the  subcutaneous  ruptures  and  extravasations,  rest  in  bed,  immobili- 
zation of  the  limb,  and  elastic  compression  with  a  properly  adjusted 
bandage,  extending  from  the  foot  to  the  groin,  will  prove  sufficient. 
When  infective  phlebitis  occurs,  whether  of  the  septic  or  non-purulent 
type,  the  proper  course  is  to  ligate  the  saphenous  vein  at  the  saphenous 
opening,  below  its  entrance  into  the  femoral  vein,  in  order  to  prevent 
the  possible  escape  of  an  embolus  from  the  thrombotic  veins  into  the 
circulation.  In  favorable  subjects  this  ligation  should  be  followed  by 
the  extirpation  of  the  inflamed  veins.  When  perivenous  and  endo- 
venous  abscesses  form,  these  should  be  drained  by  free  incision  along 
the  tract  including  the  inflamed  vein,  thus  draining  the  endovenous 
abscess  or  abscesses  which  so  often  form  in  longitudinal  or  bead-like 
series.  The  extirpation  of  inflamed  varicose  veins  en  masse,  after  pre- 
liminary ligation  of  the  infected  saphenous,  has  been  performed  many 
times,  and  with  excellent  results. 

Varicose  ulcers,  in  inoperable  cases,  must  be  treated  by  hot,  alkaline 
baths  containing  dissolved  potash  soap,  or,  in  eczematous  subjects, 
starch-water.  The  baths  must  be  prolonged  for  hours  and  administered 
in  foot-tubs  deep  enough  to  immerse  the  affected  extremity,  including 
the  ulcer,  while  the  patient  is  lying  or  sitting.  The  hot-water  baths 
are  given  alternately  with  local  hot-air  baths,  applied  with  any  of  the 
numerous  appliances  now  sold  by  manufacturers  for  the  application  of 
the  Tallerman  hot-air  treatment  or  Bier's  method  of  hyperemia.  The 
effect  of  hot  air  in  improving  the  old  callous  and  deeply  infected  ulcers 
is  prompt  and  at  times  surprising.  Venous  hyperemia  by  elastic  pres- 
sure at  the  root  of  the  limb,  as  advocated  by  Bier  for  the  treatment 
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of  other  acute  infections,  is  not  beneficial  in  these  cases,  but  the 
active  hyperemia  obtained  by  the  hot-air  bath  is  of  immense  value  in 
procuring  the  sterilization  of  the  ulcers  and  placing  them  in  a  proper 
condition  for  the  radical  operation. 

The  radical  operation  for  varicose  ulcer  consists  in  extirpating  the 
ulcer  in  its  totality  and  covering  it  with  Ollier-Thiersch  grafts,  as  ib 
practised  in  Mayo's  method.  When  the  prolonged  hot-water  baths  and 
hot-air  treatment  are  not  available,  the  best  palliative  treatment  is 
still  hot  bathing  with  water  and  German  green  soap,  followed  by  moist 
antiseptic  and  astringent  dressings.  In  the  inflamed  stages  the  class- 
ical and  ancient  lead-and-opium  wash,  which  still  remains  by  far  the 
most  efficient  of  all  the  local  applications  in  such  cases,  should  be 
applied.  By  keeping  the  ulcer  clean  and  covering  it  with  lead-and- 
opium  compresses  and  supporting  these  with  an  elastic  roller  bandage, 
preferably  of  porous  elastic  material  instead  of  the  pure  rubber  (Martin) 
bandage,  which  interferes  with  evaporation,  the  ulcers  will  be  greatly 
improved.  Still  better,  a  well-fitted  elastic  stocking  may  be  used.  By 
these  means  many  patients  who,  for  any  reason,  cannot  afford  to  rest 
their  limbs,  can  be  made  tolerably  comfortable  and  vastly  improved 
until  the  radical  operation  can  be  performed.  In  non-inflamed  callous 
ulcers  the  old-fashioned  adhesive  strips  sold  by  the  manufacturers  in 
the  improved  form  as  zinc  oxid  (Z.  O.)  plaster  may  be  used  systemat- 
ically in  overlapping  strips  to  cover  the  entire  surface  of  the  ulcer. 
When  combined  with  baths,  aided  with  an  elastic  support  and  changed 
every  twenty-four  hours,  this  method  will  accomplish  wonders  in  im- 
proving the  nutrition  of  the  ulcers  and  often  will  succeed  in  healing 
them,  even  when  the  patients  are  compelled  to  continue  on  their 
feet. 

In  the  neuralgic  varicose  ulcers  Chipault's  suggestion  may  be  ap- 
plied, viz.,  to  stretch  the  superficial  nerves  that  supply  the  region,  the 
long  saphenous  and  external  saphenous  nerve,  by  an  incision  in  the 
neighborhood  of  the  ulceration.  In  connection  with  the  radical  cure  of 
the  varices  by  extirpation  or  ligation  this  method  may  be  considered 
as  an  adjuvant.  The  graver  neuralgias  of  the  sciatic  nerve  may  be 
treated  by  Qu&iu's  method,  previously  described. 

The  Operative  Treatment  of  Varicose  Veins.— With  the  per- 
fected methods  of  aseptic  technic,  the  surgical  treatment  of  varix  has 
become  one  of  the  most  valued  acquisitions  of  contemporary  surgery. 
C.  H.  Mayo  has  reported  a  series  of  185  successful  operations 
without  a  death  ;  and  in  one  clinic  (Johns  Hopkins)  125  operations 
have  been  recorded  with  1  case  of  pulmonary  embolism,  which  recov- 
ered. The  danger  of  embolism  still  exists,  but  the  emboli  are  non- 
septic  and  are  of  minor  significance. 

The  modern  operative  treatment  of  varicose  veins  is  based  upon 
four  fundamental  procedures:  (1)  The  open  ligature  of  the  varicose 
trunks;  (2)  the  linear  section  of  the  varicose  trunks  between  ligatures, 
with  or  without  the  inclusion  of  the  collateral  tracts  by  circumferential 
incisions;  (3)  the  open  resection  of  the  varicose  trunks  and  secondary 
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tributaries;  (4)  the  subcutaneous  resection  of  the  venous  trunks  in  their 
totality. 

The  principles  which  underlie  these  operations  are:  (1)  To  arrest 
the  hemodynamic  reflux  of  the  venous  column  into  the  superficial  veins 
(long  and  short  saphenous),  when  the  valves  are  incompetent  and  the 
varicose  state  is  associated  with  or  consequent  upon  a  progressive  in- 
crease in  the  intravenous  tension;  (2)  to  force  the  superficial  venous 
circulation  from  the  unsupported  subcutaneous  veins  into  the  deep 
muscular  trunks  when  these  are  not  obstructed  by  previous  disease; 
(3)  to  remove  permanently  the  diseased  venous  tracts  which  have 
become  functionless  and  dangerous  to  the  organism  from  the  effects 
of  disease  or  infection;  (4)  to  prevent  the  direct  entrance  of  blood  into 
the  superficial  varices  (already  incompetent  from  the  functionless 
valves)  from  the  deep  intramuscular  trunks  by  the  obliteration  of  the 
anastomotic  branches  while  extirpating  the  superficial  varices. 

The  operations  which  aim  at  the  obliteration  of  the  venous  trunks 
with  the  ligature,  in  order  to  support  the  venous  column  and  prevent 
the  venous  reflux,  may  be  regarded  in  a  large  measure  as  palliative 
operations,  and  those  which  extirpate  these  trunks  are  classed  as  radi- 
cal operations,  though  this  designation  does  not  necessarily  imply  that 
the  varicose  state  is  cured,  particularly  as  in  a  certain  percentage  of 
operations  the  veins  are  reproduced  and  relapse  occurs. 

The  obliterative  ligature  of  the  saphenous,  which  was  applied  by 
others,  was  systematized  and  applied  on  the  basis  of  its  preventing 
the  venous  reflux  by  Trendelenburg,  in  1890,  who  explained  the  effects 
of  hydrodynamic  pressure  of  the  blood  column  upon  the  vessel.  Tren- 
delenburg's first  operation  consisted  in  the  division  of  the  long  saphe- 
nous at  the  point  of  junction  of  the  lower  with  the  middle  third  of  the 
thigh.  He  subsequently  modified  this  procedure  by  placing  two  more 
ligatures  on  the  saphenous:  one  above  the  level  of  the  internal  condyle 
and  the  other  below  the  knee.  Trendelenburg's  operation  is  very  sim- 
ple in  its  technic  and  is  usually  performed  with  local  anesthesia.  The 
long  saphenous  is  approached  through  a  short  incision  at  right  angles 
to  its  course,  and  divided  between  ligatures  near  the  saphenous  open- 
ing. Each  end  of  the  divided  vein  is  doubly  ligated  with  fine  chromic 
catgut  or  fine  aseptic  silk. 

This  procedure  has  been  modified  by  the  excision  of  small  sections 
of  the  vein,  4  or  5  cm.  in  length  ("R6sections  etagfes"),  by  Schwarta, 
Cassatti,  and  others. 

Schede's  Operation  and  its  Modifications. — The  linear  division 
of  veins  between  ligatures  is  accomplished  by  circumferential  incisions 
(circumcision  of  limbs),  and  has  been  associated  with  the  name  of 
Schede,  who  first  described  it  in  1877.  A  partial  or  complete  circular  inci- 
sion is  made  in  the  upper  third  of  the  leg,  which  divides  all  the  super- 
ficial veins,  including  the  long  and  short  saphenous,  down  to  the  deep 
tibial  aponeurosis.  If  the  circumcision  is  partial,  it  should  divide  at  least 
all  the  veins  in  the  anterior,  internal,  and  posterior  aspects.  The  same 
principle  is  applied  by  Moreschi  in  the  treatment  of  varicose  ulcers.    He 
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makes  two  circumferential  incisions  through  the  skin  to  the  aponeuroses, 
the  first  4  cm.  above  the  ulcer,  the  other  1  cm.  above  the  malleoli.  The 
ulcerated  area  is  included  between  these  incisions.  The  peculiarity  of 
Moreschi's  operation  is  that  the  skin  in  the  immediate  vicinity  of  the 
ulcer  and  between  the  two  parallel  incisions  is  completely  undermined 
and  detached  by  subcutaneous  dissection  with  a  knife  or  scissors,  with 
a  view  to  destroying  the  varices  and  their  tributaries  over  a  large  area 
within  the  line  of  the  cross-section.  Pizzono  also  ligates  the  saphenous 
at  the  root  of  the  limb  in  applying  Moreschi's  procedure  to  prevent  or 
diminish  the  dangers  of  embolism,  which  has  already  proved  fatal  in 


Fiaft.  60-62.— Complete  Extirpation  of  the  Saphenous  Tracts.    (After  Terrier  and  Alglave. ) 


Fio.  60. — Incision  for  complete  extirpation  of 
long  saphenous. 


Fio.   61. — Incision    for 
short  saphenous*. 


Fia.  62. — Incision 
for  extirpation  of 
long  saphenous  with 
Schede-Moreschi  cir- 
cular section  below 
ulcer. 

one  case  after  this  operation.  Rindfleisch  (1907)  makes  multiple 
spiral  incisions  around  the  limb  and  packs  the  wound  to  obtain  deep 
scars. 

Resection. — This  may  be  partial  or  complete.  The  partial  consists 
in  the  removal  of  one  or  more  sections  of  the  varicose  trunk  by  a  series 
of  interrupted  incisions,  as  suggested  by  Madelung  in  1884,  and  sys- 
tematized by  Schwartz,  in  France,  since  1888;  in  the  complete,  the  whole 
of  the  main  trunk  of  both  saphenap  is  removed  (Madelung).  This  has 
been  recently  systematized  by  Terrier  and  Alglave,  who  have  practised 
and  advocate  the  most  extensive  resections  by  continuous  open  incisions 
thus  far  described.    They  call  special  attention  to  the  influence  of  direct 
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anastomotic  branches  which  reach  the  surface  veins  through  perfora- 
tions in  the  deeper  aponeuroses  and  which  supply  the  superficial  varices 
with  the  greatest  amount  of  blood.  They  advocate  extensive  extirpa- 
tions of  the  main  trunks  and  of  their  tributaries  in  order  to  intercept 
these  deep  branches,  which  are  found  most  numerously  near  the  mouth 
of  the  saphenous  and  Scarpa's  triangle  and  the  middle  of  the  thigh. 
They  report  21  cases  successfully  treated  by  extirpation  of  both  the 
internal  and  external  saphenous,  throughout  their  whole  length,  with 
or  without  inclusion  of  the  overlying  skin,  according  to  whether  this  is 
involved  in  the  varicose  process  or  not  (Schwartz's  method).  The  com- 
bined total  resection  of  the  saphenous  trunks  is  occasionally  assisted  by 
circumcision  on  the  Moreschi  plan  when  the  case  is  complicated  with 
varicose  ulcer.  Madelung's  operation  has  also  been  modified  by  Ledder- 
hose,  who,  in  addition  to  the  extirpation  of  the  veins,  makes  a  series  of 
longitudinal  incisions  along  the  inner  aspect  of  the  leg  from  the  knee  to 
the  malleolus,  by  which  he  expects  to  intercept  and  obliterate  all  the 
tributaries  lying  between  the  knee  and  the  ankle. 

Open  Section  and  Thrombectomy. — Kraemer  recommends  the  systematic 
incision  and  evacuation  of  all  thrombotic  varices  forming  large  irregular  cavernous 
plexuses.  He  opens  the  venous  cavities  and  tortuous  veins  longitudinally,  and 
carefully  wipes  out  the  clot  and  allows  the  wound  to  come  together  by  simple  approxi- 
mation and  bandaging.  He  has  operated  fifty  times  by  this  procedure  with  great 
relief  to  the  patients  and  rapid  obliteration  of  the  varicose  area. 

The  saphenous  veins  may  be  resected  in  their  totality  by  continuous 
open  incisions  or  by  a  series  of  short,  interrupted,  "buttonhole" 
incisions  made  along  the  length  of  the  saphenous  tracts,  from  the  groin 
to  the  ankle  and  from  the  knee  to  the  ankle.  These  are  the  so-called 
subcutaneous  resections,  and  the  methods  by  which  this  is  done  vary 
with  different  operators.  Cassatti  describes  a  method  of  tearing  out 
the  vein  after  mobilizing  the  main  trunk  by  subcutaneous  traction 
and  dissection.  Narath  extirpates  the  entire  saphenous  through  a 
series  of  small  interrupted  incisions,  which  permit  the  vein  to  be 
isolated  and  detached  from  its  surroundings  by  traction  and  sub- 
cutaneous manipulations.  The  incisions  are  made  at  intervals  of  10, 
15,  and  20  cm.,  the  vein  being  isolated  and  brought  out  by  hemostats 
through  each  one  of  the  openings  successively  without  dividing  it, 
until  the  vein  has  been  completely  loosened  from  its  tributaries 
throughout  its  length,  when  it  is  extracted  whole  from  the  groin  to 
the  ankle  after  ligation  near  the  femoral  incision.  The  incisions  are 
not  over  1  cm.  in  length  and  are  closed  with  a  single  suture.  He  is 
very  well  satisfied  with  this  procedure,  which  he  has  practised  suc- 
cessfully for  many  years. 

Narath's  method  has  been  much  simplified  in  suitable  cases  by  the 
use  of  an  ingenious  device  of  C.  H.  Mayo,  of  Rochester,  Minn.,  which  he 
describes  as  the  enucleator  (Fig.  63).  It  consists  of  a  J-inch  ring  of 
steel  with  a  long  handle,  the  whole  instrument  being  not  unlike  a 
blunt  uterine  curette,  bent  at  an  angle  near  its  tip.    He  also  uses  for 
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the  same  purpose  a  pair  of  long  forceps  which  form  a  ring  at  the  tip 
when  closed. 

The  present  technic  is  as  follows:  The  vein  is  sought  for  and 
severed  in  the  upper  third  of  the  thigh.  The  proximal  end  is  ligated; 
the  lower  end  is  passed  through  the  ring  formed  by  tips  of  the  blades 
of  the  special  long  probe-like  instrument  which  he  has  devised,  or 
through  his  ring-tipped  forceps,  and  clamps  are  placed  on  the  end 
of  the  vein.  By  a  gentle  pushing  force,  the  vein  being  held  to  make 
tension  and  the  tissues  steadied  on  either  side  by  an  assistant,  the  ring 
enucleator  or  forceps  is  pushed  down  the  vessel  for  6  or  8  inches,  tearing 
off  the  lateral  branches,  when  the  point  of  the  instrument  is  forced 
against  the  skin  from  beneath,  and  a  small   incision  is  made  to  the 


Fig.  63. — C.  H.  Mayo's  Subcutaneous  Method  op  Extirpating  Varicose  Veins. 

ring  or  the  forceps,  which  is  pushed  through  the  opening,  holding  the 
vein  like  a  thread  in  a  needle's  eye.  The  vein  loop  is  drawn  out  of  the 
opening  and  also  from  the  instrument,  which  is  removed,  rethreaded  in 
the  vein,  and  is  pushed  down  to  a  lower  point,  where  a  small  incision  is 
again  made  and  the  process  of  removal  repeated.  The  small  lateral 
branches  are  torn  off,  and,  as  a  rule,  have  enough  contractility  left  to 
retract  and  close  themselves.  Should  the  main  venous  trunk  break,  a 
new  incision  is  made  below  the  knee,  the  vein  exposed  and  divided. 

If  it  is  found  that  calcareous  deposits,  sacculation,  or  extreme  weak- 
ness of  the  walls  render  the  case  unsuited  to  the  subcutaneous  method, 
and  this  occurs  in  about  10  per  cent,  of  the  cases,  the  open  resection 
should  be  made,  undermining  only  the  section  about  the  knee.  Hemor- 
rhage is  avoided  by  position.      An   ordinary  gynecologic    standard 
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is  placed  in  position  and  the  leg  is  raised  in  the  straight  or  extended 
position  and  supported  by  the  ankle.  The  position  renders  the 
limb  practically  bloodless  and  also  secures  elevation  and  accessibility 
to  the  field  of  the  operation.  Should  any  branches  cause*more  than 
ordinary  hemorrhage,  it  can  be  checked  by  a  pressure  pad  held  against 
the  skin  over  the  region  from  which  the  veins  are  removed,  or  by  gauze 
packs  which  are  left  for  a  few  minutes  in  the  incision  from  which  it 
arises.  The  varicose  ulcers  are  excised  and  grafted  witth  Ollier-Thiersch 
grafts.  After  this  has  been  done,  Mayo  applies  a  twisted  roll  of  gauze 
about  the  leg  above  and  below  the  grafted  area,  to  support  a  sheet  of 
sterile  celluloid  or  a  wire  gauze  held  in  place  by  a  strip  of  adhesive  plaster. 
The  final  bandage  is  applied  from  the  foot  to  the  body  and  a  small  area 
is  cut  out  over  the  protective.  This  serves  as  a  window  through  which 
the  condition  of  the  graft  can  be  watched  healing  usually  taking  place 
under  one  dressing. 

In  Mayo's  experience  (185  cases)  the  subcutaneous  removal  of 
that  portion  of  the  internal  saphenous  vein  extending  from  8  to  4 
inches  above  the  knee  accomplishes  by  one  method  all  that  is  pos- 
sible to  obtain  by  either  the  Trendelenburg  or  Schede  operation,  in 
interrupting  the  main  channels  of  superficial  circulation  and  also  check- 
ing communication  with  the  deep  circulation  of  this  region.  Should 
there  be  a  persistent  eczema  in  spite  of  previous  preparation,  the 
operation  is  proceeded  with  as  usual,  the  ulcer  being  excised  before 
enucleation  of  the  vein.  The  ulcerated  area  is  skin-grafted.  The  ecze- 
matous  area  is  now  painted  with  compound  tincture  of  benzoin  or  an 
acetone  solution  of  gutta-percha,  after  Murphy's  plan,  which  acts  as 
an  aseptic  varnish,  thus  literally  sealing  this  surface  against  infection 
until  the  incisions  have  healed.  The  dressing  is  applied  and  the  leg 
maintained  in  a  somewhat  elevated  position  for  twelve  days.  The 
patient  is  then  allowed  to  get  up,  wearing  an  elastic  porous  supporting 
bandage  for  a  few  months.1 

W.  Wayne  Babcock  has  improved  upon  Kellar's  suggestion  by  extracting  the 
vein  after  it  has  been  supported  and  straightened  by  passing  through  it  an  acorn-  or 
olive-pointed  stylet.  This  is  introduced  into  the  vein  at  its  terminus  near  the 
femoral  and  pushed  down  through  the  vein  as  far  as  it  will  go  down  the  limb.  The 
upper  bulbar  end  of  the  stylet  is  made  fast  to  the  vein  by  ligation.  It  is  then  pulled 
upon  vigorously  by  bringing  out  through  the  lower  incision.  The  traction  pulls  the 
vein  loose  from  its  surroundings,  tears  off  the  venous  branches,  and  causes  the  vein 
to  be  extracted  as  a  pleated  mass  attached  to  the  upper  end  of  the  extractor. 

It  is  evident  that  all  these  methods  of  subcutaneous  isolation  and  extraction  of 
veins,  of  which  Mayo's  still  remains  the  simplest  and  most  practical,  must  fail  in  all 
chronic  cases  in  which  the  main  trunk  of  the  vein  remains  very  tortuous,  convoluted, 
forming  a  congeries  of  adherent  and  friable  veins,  intimately  blended  with  the  skin. 

1  Kellar  (quoted  by  Babcock)  attempts  to  facilitate  the  extraction  of  the  saphe- 
nous vein  by  passing  a  stout  thread  through  the  vein  by  means  of  a  probe  or  twisted 
wire,  tying  it  firmly  to  one  of  the  divided  ends  of  the  vein  after  slitting  the  sides  of 
the  vein  for  a  short  distance,  then  making  traction  upon  the  other  end  of  the  thread, 
causing  the  vein  to  be  turned  inside  out,  in  which  condition  it  is  finally  pulled  out 
through  either  the  upper  or  lower  incision  previously  made  to  reach  the  vein  at  its 
terminus  near  the  groin,  and  the  other  in  the  leg  or  lower  thigh. 
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Results. — Perthes  reports  9  relapses  in  41  cases  operated  in  Trendel- 
enburg's clinic.  In  a  series  of  41  cases  operated  in  Halsted's  clinic  by 
Trendelenburg's  method,  Miller  reports  that  79  per  cent,  have  been  cured 
or  greatly  improved.  Goerlich,  in  an  exhaustive  review  of  the  litera- 
ture, in  which  1425  cases  reported  by  42  operators  are  analyzed,  finds 
the  cures  from  65  to  85  per  cent,  after  ligature  of  the  internal  saphenous. 
The  Schede  operation  in  the  Johns  Hopkins  clinic  (19  cases)  yielded 
33  per  cent,  cures.  This  operation  and  other  modifications  based  upon 
the  same  principle  are  open  to  two  serious  objections:  (1)  That  pares- 
thesias and  disturbances  of  sensibility  follow  the  unavoidable  division 
of  the  superficial  nerves;  (2)  that  edema  persists  in  the  distal  parts  from 
lymphatic  as  well  as  venous  obstruction.  The  results  obtained  by  this 
method  do  not  justify  its  preference  to  either  the  direct  Madelung  or 
subcutaneous  method.  In  many  cases,  on  account  of  its  simplicity, 
the  Trendelenburg  operation  will  still  remain  the  method  of  election. 

In  deciding  whether  an  operation  should  be  performed  or  not,  espe- 
cially in  cases  in  which  the  history  of  previous  phlebitis  is  given,  this  test 
advised  by  Mayo  should  be  applied:  *  *  An  elastic  bandage  is  applied  from 
the  foot  to  above  the  knee.  If  this  bandage  can  be  worn  with  comfort, 
an  operation  should  give  relief.  If  the  bandage  causes  discomfort,  it  is 
probable  that  the  superficial  vessels  are  necessary  to  the  circulation  of 
the  limb."  When  the  varices  form  large  masses,  in  which  the  skin 
covering  is  thinned  to  a  mere  pellicle,  it  is  advisable  to  combine  the 
excision  of  the  veins  with  an  overlying  strip  of  skin. 

Embolism. — In  spite  of  the  control  of  postoperative  phlebitis 
by  asepsis,  there  still  remains  an  apparently  unavoidable  risk  of  embo- 
lism, even  in  the  most  aseptic  cases.  Sterile  emboli  (so-called  "bland" 
emboli)  are  discharged  from  the  proximal  side  of  the  ligature  in  the 
saphenous,  or  from  the  stumps  of  the  extirpated  radicles,  and  are  sped 
along  the  deep  anastomotic  trunks  to  the  general  circulation,  where 
they  give  rise  to  pulmonary  embolism.  Miller  reports  1  case  of  embolism, 
the  patient  recovering  after  a  serious  alarm.  Goerlich,  in  147  Trendel- 
enburg operations,  reports  2  cases  of  embolism.  He  has  collected  in 
all  8  cases  following  operations  for  varicose  veins.  Embolism  occurred 
after  the  simplest  as  well  as  after  the  complicated  procedures. 

There  seem  to  be  three  fairly  distinct  types  of  postoperative  pulmonary  embolism: 
The  mildest  is  transient  and  comparatively  harmless,  causing  more  or  less  marked 
respiratory  distress  for  a  few  hours.  The  more  severe  result  in  definite  infarct, 
which  may  cause  symptoms  for  four  or  six  weeks  and  probably  leave  a  permanent 
pulmonary  lesion,  while  the  most  severe  cause  immediate  death  by  occlusion  of  the 
pulmonary  artery.  The  symptoms  are:  Sudden  dyspnea,  cyanosis,  tachycardia. 
and  signs  of  collapse,  accompanied  by  rise  in  temperature.  The  symptoms  may 
subside  rapidly,  may  persist  with  physical  signs  of  pulmonary  infarct  or  death.  The 
treatment  essentially  consists  in  the  administration  of  oxygen  freely  and  continu- 
ously as  long  as  dyspnea  lasts,  and  to  ease  the  respiration  with  hypodermics  of 
morphin,  atropin,  strychnin,  digitalis,  and  nitroglycerin.  Trendelenburg's  recently 
suggested  method  of  extracting  the  clot  directly  from  the  pulmonary  artery  may 
be  also  considered  (p.  172). 
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Relapse  is  more  likely  to  follow  the  single  linear  division  of  the  veins 
than  after  the  more  thorough  extirpations.  Nevertheless,  relapse  will 
occur  even  after  extensive  resection  (Alglave,  Terrier).  The  causes  of  re- 
lapse are:  Secondary  dilatation  of  small  superficial  tributaries  of  the  ex- 
tirpated or  ligated  vein,  which  enlarge  and  connect  with  the  deep  mus- 
cular veins  through  direct  anastomotic  branches;  (2)  the  reestablishment 
of  direct  end-to-end  communication  through  the  scar,  especially  after 
ligation;  (3)  the  regeneration  of  the  veins  believed  at  one  time  to  be 
impossible,  but  since  proved  to  be  of  frequent  occurrence. 

TRAUMATISMS  AND  WOUNDS  OF  VEINS. 

The  behavior  of  the  veins  after  injury,  their  mode  of  repair  and. 
regeneration,  and  the  natural  process  of  hemostasis  are  all  in  accordance 
with  the  identity  of  their  origin  and  structure  with  the  arteries.  The 
veins,  however,  on  account  of  their  much  greater  total  area  and  super- 
ficial distribution,  are  more  frequently  exposed  to  injury,  and  especially 
to  surface  injuries,  against  which  they  react  more  than  the  arteries. 
The  thinness  of  the  venous  coats  exposes  the  delicate  intima  to  irritative 
and  destructive  changes  which  are  manifested  by  the  prompt  formation 
of  obliterative  thrombi,  giving  to  venous  injuries  their  most  striking 
differential,  clinical,  and  pathologic  characteristics. 

Wounds  of  veins  are  either  subcutaneous  or  open.  The  subcutaneous 
include  contusions,  bruises,  ruptures,  lacerations,  tears,  stretching  or 
twisting,  and  the  grinding  or  attrition  injuries.  The  open  wounds  are 
subdivided  into  penetrating  and  non-penetrating;  complete  and  incom- 
plete; direct  and  indirect;  immediate  and  mediate;  and,  according  to 
causation,  into  punctured,  incised,  contused  and  lacerated,  and  gunshot 
wounds. 

Symptomatology.— The  hemorrhage  which  follows  after  the  wound- 
ing of  a  vein  may  be  either  external,  interstitial,  or  internal.  When  the 
external  wound  is  large  and  the  wounded  vein  is  near  the  surface,  the 
blood  is  seen  to  escape  from  the  vessel;  it  is  of  a  dark  red,  almost  black 
color,  and  flows  in  a  continuous  stream  or  gushes  out  in  a  vigorous  jet. 
The  force  with  which  the  stream  is  ejected  is  less  than  in  the  arteries 
of  the  same  relative  size,  unless  an  obstacle  interferes  with  the  venous 
return  on  the  proximal  side  of  the  wound,  or  when  pulmonary  cardiac 
disturbances  exist  which  interfere  with  the  emptying  of  the  right  heart. 
The  venous  stream  may  be  projected  at  a  distance  of  a  yard  or  more 
from  the  wound  under  these  conditions,  as  in  punctured  wounds  of  the 
anterior  jugular  in  the  course  of  a  tracheotomy  for  diphtheritic  as- 
phyxia. This  continuous  flow,  as  distinguished  from  the  intermittent 
jet  of  the  arteries,  is  the  most  distinctive  feature  of  venous  hemor- 
rhage. The  continuity  of  the  stream  may  be  interrupted  or,  rather, 
reinforced  at  irregular  intervals  which  are  not  synchronous  with  the 
heart-beat  by  the  effect  of  the  respiratory  movements  or  by  peripheral 
muscular  contractions,  which  momentarily  interrupt  the  circulation  in 
the  central  or  peripheral  vein.    Expiration  increases  the  hemorrhage  in 
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the  lower  extremities,  the  intravenous  tension  in  the  great  intrathoracic 
trunks  being  increased;  muscular  contractions  compress  the  peripheral 
veins  and  drive  the  blood  out  of  the  wound  with  sudden  violence,  as  is 
seen  in  venesection. 

If  the  injured  vein  is  of  small  caliber,  the  hemorrhage  is  quickly 
arrested  spontaneously  by  the  formation  of  a  provisional  clot.  If  the 
vein  is  of  large  size  and  the  wound  a  wide  one,  the  hemorrhage  may 
cause  death  by  fatal  syncope.  Thus  a  wound  of  the  internal  jugular 
may  cause  death  almost  as  quickly  as  a  similar  wound  of  the  common 
carotid.  This  promptly  fatal  termination  is  especially  likely  to  occur  in 
injuries  of  the  jugular,  subclavian,  axillary,  and  femoral  veins. 

Internal  Venous  Hemorrhage. — When  veins  are  ruptured  subcu- 
taneously  or  wounded  in  the  deeper  tissues  (stabs,  sword  thrusts,  gunshot 
wounds),  the  blood  is  extravasated  in  the  perivascular  connective  tissue. 
The  amount  of  blood  extravasated  depends  upon  the  caliber  of  the  vein 
and  the  size  and  character  of  the  wound.  If  the  wounded  vein  lies  in  a 
serous  cavity,  as  in  the  pleura  or  peritoneum,  or  in  the  loose  areolar 
spaces  of  the  mediastina,  the  hemorrhage  will  flow  unchecked  in 
quantities  and  death  will  follow  in  a  few  minutes  or  hours.  Wounds 
of  comparatively  small  veins  in  the  splanchnic  cavities  (pleura  and 
peritoneum)  may  give  rise  in  this  way  to  most  alarming  and  even  fatal 
hemorrhages. 

Subcutaneous  hemorrhages  in  closed  or  partially  closed  wounds 
will  lead  to  extensive  extravasations  and  hemorrhages,  but  less  than 
in  the  arteries.  The  hemorrhage  from  a  comparatively  small  vein  in 
regions  where  there  is  an  abundance  of  loose  connective  tissue  may 
diffuse  itself  over  a  very  wide  area  as  a  thin  but  wide-spread  discolor- 
ation of  a  dark  bluish  hue.  This  is  particularly  true  of  wounds  of 
the  scrotum,  penis,  groin,  and  thigh,  neck,  face,  and  axilla.  After 
circumcisions,  varicocele,  or  hernia  operations  these  wide-spread  black- 
and-blue  discolorations  are  not  infrequently  observed  as  the  result  of 
imperfect  venous  hemostasis.  Fortunately,  these  superficial  extra- 
vasations, in  spite  of  their  large  area  of  diffusion,  usually  disappear 
without  interrupting  the  patient's  recovery.  The  real  hematomas,  or 
localized  blood  collections,  remain  much  longer  in  the  tissues  and 
sometimes  seriously  interfere  with  the  healing  of  the  wounds,  com- 
pelling a  reopening  of  the  wound  to  give  issue  to  the  pent-up  blood. 

Spontaneous  Hemostasis. — The  arrest  of  hemorrhage  from  a 
wounded  vein  is  more  readily  effected  by  the  natural  process  of  hemos- 
tasis than  in  the  arteries,  and  on  this  account  venous  hemorrhage  is  less 
dreaded  and  less  difficult  to  control  than  arterial  bleeding.  Partial  or 
incomplete  wounds  of  veins  bleed  more  copiously  than  the  complete 
wounds  and  transverse  sections.  When  a  vein  is  completely  divided, 
it  retracts  within  its  sheath,  and  its  open  mouth  contracts  so  that  the 
lumen  is  narrowed,  but  never  to  the  extent  that  is  observed  in  the 
arteries.  The  lack  of  elasticity  and  rigidity  of  the  venous  walls  allows 
them  to  collapse  and  come  together,  unlike  the  arteries,  which  gape 
open.    The  lesser  elasticity  and  contractility  of  the  veins  is  also  shown 


TRAUMATISMS    AND    WOUNDS    OF    VEINS.  167 

in  the  lacerated  and  contused  wound  by  the  inability  of  the  inner  and 
middle  coats  to  curl  up  and  retract,  the  intima  and  media  only 
retreating  2  or  3  mm.  within  the  adventitia  without  curling  and 
rolling. 

To  compensate  for  this  lack  of  retractility  and  contractility  the  val- 
vular mechanism  of  the  veins  (barring  the  great  central  venous  trunks, 
where  this  mechanism  does  not  exist)  prevents  the  flooding  of  the  wound 
when  the  reflux  of  the  blood-stream  on  the  proximal  or  cardiac  side 
occurs,  while  on  the  distal  side  the  low  tension  of  the  peripheral  venous 
circulation  allows  the  thin  and  collapsed  veins  to  be  readily  compressed 
and  obliterated  by  the  clotted  blood  and  the  surrounding  tissues.  The 
importance  of  the  valves  in  diminishing  the  hemorrhage  of  wounded 
veins  is  strikingly  shown  in  the  rupture  of  the  varicose  veins  of  the  lower 
extremities,  in  which  the  bleeding  is  profuse  and  persistent,  in  conse- 
quence of  the  incompetence  of  the  valves  and  the  rigidity  of  the  veins 
themselves.  The  dangers  from  hemorrhage  is  also  shown  in  the  sinuses 
of  the  dura  mater,  which,  in  consequence  of  their  rigid  walls,  absence 
of  valves,  and  lack  of  retraction,  remain  open  when  wounded,  bleeding 
profusely  and  fatally,  unless  prompt  hemostasis  is  obtained.  On  the 
other  hand,  the  ease  with  which  a  wounded  peripheral  vein  can  be 
controlled  in  normal  conditions  is  illustrated  by  the  prompt  hemo- 
stasis which  follows  the  mere  application  of  a  bandage  and  superficial 
compress  after  venesection. 

Conditions  which  Increase  or  Diminish  Venous  Hemorrhage. — 
Whatever  influences  the  intravenous  pressure  will  also  influence  bleed- 
ing in  a  venous  wound.  If  a  constricting  bandage  is  lightly  applied  on 
the  cardiac  side  of  the  wound  in  a  vein  of  the  extremities,  the  hemor- 
rhage will  at  once  be  aggravated  by  the  general  congestion  of  the  veins 
below  the  constriction.  This  statement  is  well  illustrated  in  venesection, 
in  which  the  bleeding  is  continued  as  long  as  the  constricting  band  is 
kept  up  with  just  sufficient  pressure  to  interfere  with  the  return  flow  of 
blood;  its  mere  removal  at  once  stopping  the  hemorrhage. 

In  heart  disease  due  to  valvular  insufficiency  and  associated  with 
chronic  asystole,  the  venous  tension  will  be  increased  and  likewise  the 
hemorrhage.  Apart  from  these  mechanical  causes,  in  the  dyscrasic  states 
(hemophilia,  scurvy,  purpura,  biliary  infections,  etc.),  natural  hemo- 
stasis is  prevented  by  diminished  coagulability  of  the  blood. 

Asepsis  is  a  powerful  factor  in  diminishing  thrombus  formation:  In 
aseptic  wounds  and  traumatisms  the  permanent  closure  of  a  venous 
wound  is  rapidly  effected  with  a  minimum  of  thrombus  formation. 
In  fact,  after  an  aseptic  ligature,  there  should  be  only  a  small  clot,  and 
the  fact  that  the  thrombus  is  not  necessary  to  the  process  of  repair  is 
strikingly  illustrated  in  the  healing  of  sutured  veins  which  cicatrize 
perfectly  without  thrombus  formation,  leaving  the  lumen  pervious  and 
the  circulation  uninterrupted.  When,  however,  infection  occurs,  the 
pyogenic  micro-organisms  penetrate  into  the  vessel,  attack  the  endo- 
thelium of  the  intima,  and,  spreading  by  continuity,  cause  degenerative 
and  destructive  lesions  in  the  endothelium,  which  at  once  precipitate 
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coagulation  and  thrombus  formation.     Suppuration  then  follows,  with 
purulent  thrombophlebitis  and  all  its  dangers  as  a  sequel. 

Complications  of  Venous  Wounds.— It  was  the  liability  to  metas- 
tatic abscesses  and  the  pyogenic  bacteremia  which  followed  in  the  wake 
of  septic  thrombosis  and  embolism  which  gave  to  venous  wounds  their 
bad  reputation  and  made  the  veins  the  noli  me  tangere  of  the  older  sur- 
geons. At  present  the  mechanical  effects  of  migrating  emboli,  which 
are  comparatively  insignificant  in  frequency  and  gravity,  alone  remain 
as  possible  sequels  of  venous  thrombosis  after  surgical  operations  on 
veiqs.  Another  complication  which  the  modern  technic  of  wounds 
has  largely  eliminated  is  the  aspiration  of  air  into  the  larger  veins,  es- 
pecially in  the  neck,  causing  air-embolism.  (Vol.  I.,  p.  452.)  Fat 
embolism  is  a  more  frequent  complication.  (Vol.  I.,  p.  462.)  For 
gunshot  wounds  of  veins  see  Vol.  IV.,  p.  979. 

Foreign  bodies,  fine  shot,  bullets,  splinters,  fish-bones,  needles,  and 
other  foreign  bodies  may  find  their  way  into  the  larger  veins  as  a  very 
rare  occurrence.  Pluquet,  J.  Liddell,  Stromeyer,  Lambron,  S.  D.  Gross, 
Audrett  (quoted  by  Bougl£)  report  curious  cases  of  this  kind.  These 
foreign  bodies  usually  cause  no  serious  disturbances  as  long  as  they  are 
aseptic;  they  become  isolated  and  encysted,  with  or  without  oblitera- 
tion of  the  vein,  and  remain  indefinitely  fixed  in  the  venous  wall  or  its 
immediate  vicinity.  When  the  foreign  body  is  septic,  it  will  be  followed 
by  thrombophlebitis  with  all  its  consequences. 

In  wounds  of  the  smaller  veins  very  little  is  required  to  arrest  bleed- 
ing. The  walls  collapse  by  mere  atmospheric  pressure,  and  the  pressure 
of  the  clamp  or  mere  gauze  packs  will  usually  suffice  to  obliterate  them. 
Hot  irrigation  with  physiologic  salt  solution  or,  in  suppurating  wounds, 
irrigation  with  a  weak  hydrogen  dioxid  solution,  if  it  is  followed  by  a 
systematic  packing  of  the  oozing  area,  will  usually  suffice  to  arrest  the 
hemorrhage.  In  deep  wounds,  in  which  a  bleeding  vein  cannot  be  seen 
plainly  enough,  it  is  best  to  catch  it  in  a  forceps,  leaving  this  in  place 
for  twenty -four  hours  (vena  cava,  Helferich).  In  the  wounds  of  the 
endocranial  sinuses,  in  which  the  rigidity  of  the  venous  walls  interferes 
with  the  normal  collapse  of  the  veins,  systematic  packing  with  sterile 
gauze  or  suturing  will  be  usually  sufficient  to  stop  the  bleeding  if  the 
pack  is  sutured  in  place.  In  veins  in  the  bone-marrow  or  in  the 
diploe,  gauze  pressure  kept  up  for  some  time  will  suffice  to  arrest 
the  bleeding.  It  may  be  convenient  in  some  cases  to  plug  with 
absorbable  catgut  wool  or  to  smear  with  Horsley's  wax  (oil  of  sweet 
almonds,  6  parts;  wax,  1  part;  salicylic  acid,  1  part). 

The  Ligature  and  the  Suture. — The  Ligature.— The  surgeon's 
preferred  hemostatic  agent  in  venous  as  well  as  in  arterial  hemorrhage  is 
the  ligature.  It  is  by  far  the  most  simple  and  certain  of  the  hemostatic 
agents,  and  should  be  applied  to  all  veins  of  small  caliber  or  even  those 
in  which  the  obliteration  of  the  lumen  is  of  little  consequence  to  the 
distal  circulation.  In  regard  to  the  functional  results,  it  may  be  safely 
asserted  that  the  obliteration  of  the  veins,  even  of  the  largest  trunks, 
by  the  ligature,  is  a  matter  of  far  less  consequence  than  the  obliteration 
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of  the  corresponding  arteries.  The  ligation  of  a  vein  may  be  lateral  or 
total.  The  partial  (lateral)  ligature  does  not  obliterate  the  lumen;  the 
complete  (circular)  does.  Since  the  suture  has  been  so  successfully 
introduced  in  venous  surgery,  the  lateral  ligature  has  become  much 
restricted  in  its  application,  and  is  now  practically  limited  to  the  liga- 
tion of  tributary  branches,  which  have  been  cut  or  injured  too  near  the 
main  trunk  to  permit  of  their  separate  ligation.  Wounds  involving 
only  a  part  of  the  circumference  of  the  vein  (referring  to  the  main 
vein)  are  closed  by  lateral  phleborrhaphy.  The  total  obliterative 
ligation  of  veins  is  applied  to  both  ends.  Bleeding  rarely  occurs 
from  the  proximal  end.  It  is  the  peripheral  end  that  bleeds,  but 
the  possibility  of  infection  through  the  open  mouth  of  the  vein  on 
the  proximal  side  calls  for  its  closure,  if  only  as  a  protection  against 
sepsis  and  thrombosis. 

The  collateral  circulation  after  ffie  ligation  of  the  large  venous  trunks. 
After  asepsis  had  robbed  the  ligation  of  veins  of  its  terrors,  the  fear  of 
gangrene  from  the  obliteration  of  the  large  venous  trunks  continued 
to  instil  fear  in  the  minds  of  surgeons  until  comparatively  recent  times. 
It  was  supposed  that  the  collateral  circulation,  which  is  apparently 
much  less  provided  for  in  the  venous  circuit  than  on  the  arterial  side, 
was  insufficient  to  prevent  the  stagnation  of  the  circulation  in  the 
limbs  after  the  ligation  of  the  main  trunks,  especially  the  femoral. 
The  fear  in  preantiseptic  times  was  well  founded,  because  the  liga- 
ture was  always  septic  and  led  to  extensive  thrombosis  of  the  vein, 
including  many  important  collaterals.  The  lymphatics  were  also  in- 
volved in  the  septic  process,  and  these  two  factors,  diffuse  septic 
phlebitis  and  lymphangitis,  very  seriously  interfered  with  the  establish- 
ment of  the  collateral  circulation.  It  is  only  in  recent  years  that  the 
safety  of  the  ligature  has  been  recognized.  The  complete  misconception 
of  the  factors  which  promote  the  collateral  circulation  after  venous 
ligation  at  the  root  of  limbs  by  the  simultaneous  ligation  of  the 
associate  artery  was  also  realized.  It  is  now  understood  that  the 
reverse  doctrine  holds  good,  and  that  the  most  powerful  agent  in  bring- 
ing about  the  establishment  of  the  collateral  circuit  after  venous  ligation  is 
the  preservation  of  the  arterial  circulation  in  its  most  perfect  functional 
integrity ,  in  order  that  the  full  benefit  of  the  arterial  pressure  may  be 
felt,  through  the  capillaries,  in  the  peripheral  veins.  The  joint  injury 
of  both  vessels  is  the  most  certain  way  of  causing  gangrene  of  the 
limb.  In  fact,  Bodaert  showed  experimentally  that  if  the  femoral 
vein  is  ligated  at  the  groin,  aseptically,  and  with  care  not  to  injure  the 
lymphatics,  very  little  or  no  edema,  much  less  gangrene,  follows 
the  ligation.  When  edema  occurs  after  the  obliteration  of  the  femoral, 
it  is  due  to  the  involvement  of  the  accompanying  lymphatics  or  to 
the  production  of  a  long  thrombus  which  obliterates  the  veins  over 
a  large  area. 

Since  the  importance  of  rigorous  asepsis  has  been  better  appreci- 
ated, the  femoral  vein  has  been  ligated  a  great  many  times  without 
gangrene. 
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Niebergall  reported  35  cases  of  femoral  ligature,  25  for  extirpation  of  a  tumor, 
10  for  wounds,  and  in  all  there  was  only  1  case  of  sphacelus  of  the  foot,  whereas 
when  the  artery  and  vein  were  simultaneously  ligated,  gangrene  occurred  in  14  out  of 
24  cases.  In  24  cases  of  single  ligation  of  the  femoral  vein,  Kammerer  records  2 
gangrenes;  in  22  simultaneous  injuries  of  artery  and  vein  there  were  12  gangrenes. 
Frankel  reports  53  cases  of  the  isolated  ligation  of  the  common  femoral  with  1 
gangrene.  Cyanosis  frequently  develops  after  the  ligation,  but  no  gangrene  unless 
the  artery  is  involved. 

The  same  effects  have  been  observed  in  the  simultaneous  ligation 
of  both  popliteal  vessels.  A.  Schorong  reports,  in  a  study  of  45 
simultaneous  arteriovenous  injuries  resulting  from  direct  crushes  of 
both  artery  and  vein,  that  there  were  75  per  cent,  gangrenes,  and  when 
the  popliteal  vessels  were  involved,  gangrene  followed  in  100  per  cent. 
Apart  from  these  severe  injuries,  the  combined  obliteration  of  the  artery 
and  vein  of  the  lower  extremity  is  always  fraught  with  great  peril  to 
the  limb,  though  in  chronic  conditions  of  arterial  obstructions  (tumors, 
aneurisms)  the  artery  and  vein  may  be  injured  without  gangrene,  as 
has  been  shown  in  a  considerable  number  of  extirpations  of  aneurisms 
in  which  both  vessels  have  been  sacrificed.  In  recent  aneurisms,  how- 
ever, the  coincident  injury  of  the  veins,  with  the  obliteration  of  the 
artery,  is  a  perilous  accident. 

The  comparative  benignity  of  the  ligation  of  the  large  venous  trunks 
in  other  parts  of  the  body  has  been  amply  demonstrated  by  the  success- 
ful and  abundant  experience  of  the  last  decade.  Not  only  have  the 
interned  jugulars  been  ligated  separately,  but  they  have  been  both  ligated 
at  variable  intervals,  as  well  as  extirpated  simultaneously  in  the  same 
subject,  while  performing  extensive  extirpations  of  malignant  growths 
in  the  neck.  Ligation  or  extirpation  of  the  jugulars  has  since  become 
a  regular  procedure  whenever  their  removal  is  indicated  either  for 
injury  or  disease. 

The  subclavian  and  axillary  have  been  repeatedly  ligated  and 
resected.  The  ligation  of  one  or  both  innominate  veins  is  well  tol- 
erated  in  dogs  (Leotta). 

The  superior  vena  cava  has  never  been  ligated  in  man,  but  Julius  Fischer,  in  a 
very  careful  study  of  the  reported  pathologic  obstructions  of  this  vessel  (104  cases, 
of  which  42  were  complete),  found  that  while  stasis  existed  in  the  tributary  area 
in  many  cases,  in  the  majority  a  fairly  effective  collateral  circulation  was  established. 
Mariotti  ( 1906)  has  experimentally  tried  the  ligation  of  the  cava  on  dogs,  with  unsat- 
isfactory results.  According  to  Leotta  (1907-8),  75  per  cent,  of  ligations  of  the  su- 
perior vena  cava  succeed  in  dogs  when  the  ligature  is  applied  above  the  azygos. 

The  inferior  cava  has  been  the  subject  of  numerous  experimental  studies  (Cler- 
mont, Leotta)  to  test  the  efficiency  of  the  collateral  circulation  after  its  ligation.  The 
conclusion  arrived  at  is  that  the  ligation  of  the  vena  cava  above  the  origin  of  the  renal 
vein  is  extremely  dangerous  on  account  of  the  interference  with  the  kidneys,  but  that 
it  is  comparatively  safe  below  the  line  of  the  renal  vessels;  especially  if  the  collateral 
circulation  has  been  given  time  to  develop  by  long  compression  or  partial  oblitera- 
tion of  this  great  trunk.  The  vena  porta  has  been  ligated  for  injury  during  opera- 
tion for  removal  of  hydatid  cyst  by  Brewer,  New  York. 
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The  Suture  of  Veins. — The  ligation  of  the  great  venous  trunks, 
however,  has  been  supplanted  by  the  suture  (phleborrhaphy)  whenever 
the  conditions  permit  of  its  application  without  obliteration  of  the  vessel. 

The  suture  of  veins  was  first  suggested  by  Gensoul  (1833),  who  experimented 
with  it  unsatisfactorily  on  the  jugular  of  a  horse,  septic  infection  following. 
Czerny  (1881)  is  credited  with  the  first  case  of  venous  suture  under  aseptic  auspices; 
yet  the  wound  was  badly  infected  from  an  esophagotomy  performed  for  a  foreign 
body,  the  patient  subsequently  dying  from  pyemia  and  secondary  hemorrhage. 
But  Schede's  paper,  in  which  he  reported  the  first  successful  suture  of  the 
vena  cava  inferior  and  coincidentally  related  his  large  and  satisfactory  experience 
in  the  suture  of  veins,  turned  the  tide  in  favor  of  the  suture,  which  has  since  sup- 
planted the  ligature  in  the  surgery  of  all  the  large  venous  trunks  whenever  it  is 
possible  to  close  the  wound  without  obliterating  the  vessel. 

Bottini  (1892)  was  the  first  surgeon  to  ligate  the  inferior  cava  suc- 
cessfully. His  patient  survived  three  years.  Since  Bottini's  case  this 
great  vein  has  been  resected  three  times — by  Zoege  v.  Manteufel,  Ull- 
man,  and  by  Lexer.  In  this  last  case  a  section  of  the  vein  was  delib- 
erately excised  between  two  ligatures  in  order  to  remove  a  malignant 
growth  of  the  kidney;  in  the  other  two  cases  a  large  gap  in  the  vein  was 
sutured,  thus  restoring  the  continuity  of  the  vessel.  In  addition  to 
these  three  resections  the  vein  has  been  ligated  eight  times,  includ- 
ing Bottini's  case;  lateral  ligatures  have  been  applied  to  it  five  times, 
and  it  has  been  sutured  eleven  times;  it  has  been  clamped  with  forceps 
to  arrest  hemorrhage,  leaving  the  clamps  in  situ  twice,  and  tamponed 
once  for  a  small  wound.  In  all,  28  operations  for  hemorrhage  have 
been  performed  upon  this  vessel  from  1892  to  January,  1908. 

Lateral  and  Circular  Phleborrhaphy. — The  suture  may  be  applied  to 
the  veins  in  continuity  (lateral  phleborrhaphy)  in  longitudinal,  oblique, 
and  transverse  wounds.  The  rules  which  govern  the  technic  of  arterial 
suture  apply  here  with  the  same  force  and  with  greater  advantage.  The 
thinness,  softness,  and  suppleness  of  the  venous  walls  make  them  more 
amenable  to  the  suture  than  the  arteries.  The  low  tension  of  the  venous 
current  also  favors  the  maintenance  of  accurate  apposition  without 
tension,  and  favors  the  work  of  repair.  The  suture  of  veins  is,  there- 
fore, not  only  a  much  easier  procedure  than  the  suture  of  arteries,  but 
the  healing  of  the  line  of  suture  takes  place  with  regularity,  provided 
sepsis  has  been  rigorously  excluded. 

In  applying  the  suture  to  veins,  the  principle  of  confronting  intima 
to  intima  and  Carrers  technic,  by  which  the  edges  of  the  veins  are  lifted 
up  with  terminal  traction  threads  and  transformed  into  straight  lines, 
is  the  simplest  and  safest  method.  The  circular  or  end-to-end  suture 
of  veins  requires  more  care  in  the  proper  adjustment  of  the  edges,  but 
is  performed  in  the  same  manner  as  directed  for  the  arteries.  It  is  indi- 
cated whenever  the  wound  in  the  vein  involves  over  two-thirds  of  its 
circumference  or  when  it  has  been  completely  divided  or  resected. 

In  spite  of  their  lesser  elasticity,  the  veins  can  be  stretched  fully 
50  per  cent,  without  permanent  damage — i.  e.,  when  the  vein  is  free 
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from  its  adhesions  to  the  sheath  (Murphy,  1897).  Payr,  of  Gratz,  was 
able  successfully  to  resect  4.5  cm.  of  the  femoral  vein  involved  in  a 
carcinomatous  growth  by  his  method  of  invagination  with  magnesium 
rings.  He  kept  the  limb  flexed  at  the  thigh  to  prevent  overtension. 
The  fact  that  the  veins  do  not  fracture  as  the  arteries  do,  and  that  there 
is  no  curling  in  of  the  intima  and  media  after  transverse  sections, 
in  addition  to  the  other  conditions  previously  referred  to,  favors  the 
application  of  the  circular  method  of  suture  much  more  than  in  the 
arteries.  The  technic  does  not  differ  in  any  way  from  that  of  circular 
arteriorrhaphy,  and  the  method  of  Carrel  is  to  be  preferred.  Since 
Schede  popularized  the  suture  of  veins,  apart  from  the  pulmonary 
veins,  the  superior  vena  cava,  and  the  azygos  (resected  once  by 
Faure  in  posterior  thoracotomy),  all  the  large  veins  have  been  success- 
fully sutured. 

Probably  the  most  daring  operation  in  surgery  is  that  recently 
proposed  and  done  by  Trendelenburg  (Leipzig)  for  the  removal  of 
emboli  blocking  the  pulmonary  artery.  While  experimentally  feasible, 
and  successful  in  the  calf  and  dog,  the  three  attempts  to  save  patients 
dying  from  embolic  pulmonary  obstruction  by  Trendelenburg's  method 
have  failed.  The  entrance  into  the  pulmonary  artery  is  effected  by 
an  incision  in  the  right  ventricle,  the  emboli  are  aspirated  by  a  special 
pump,  while  hemostasis  is  obtained  by  compressing  the  superior  cavae. 

Circular  phteborrhaphi/  has  been  performed  much  less  often  than  the 
lateral.  Kiimmel  (Hamburg)  reported  the  first  casein  1890,  followed  by 
Krausse  (1895)  and  Payr  (1900) — all  femoral,  and  technically  successful. 
The  vena  porta  was  resected  for  a  malignant  growth,  and  reunited  by 
circular  suture  by  Depage,  of  Brussels.  Vidal  (de  Perigueux)  reported 
the  first  and  only  recorded  case  of  terminolateral  transplantation  of  the 
vena  porta  into  the  cava  for  the  relief  of  hepatic  cirrhosis.  The  patient 
succumbed  in  twenty-four  hours. 

The  subclavian  vein  has  been  united  by  circular  suture  once  recently 
(1907)  by  Goyanes,  of  Madrid. 

The  reparative  process  in  veins  after  suture  does  not  differ  materi- 
ally from  that  of  the  arteries.  The  dangers  of  thrombosis  and  embolism 
are  not  necessarily  greater  after  venous  suture  than  after  the  ligature 
unless  septic  infection  occurs.  Hence  the  extreme  care  that  must  be 
taken  with  the  technic.  For  the  same  reason  the  suture  is  con- 
traindicated  in  all  inflamed  veins  and  infected  wounds. 

Phleboplasty. — "Patching  of  veins"  by  borrowing  and  transplant- 
ing parts  or  whole  sections  of  veins  from  other  regions  of  the  body — 
like  grafts — has  been  experimentally  and  successfully  done  on  animals 
by  Taddei,  Carrel,  Mariotti,  and  others.  Adjoining  veins,  in  cases  of 
injury,  have  been  utilized  to  cover  defects  in  the  vein,  and  whole  circular 
sections  have  been  interposed  between  the  ends  of  divided  arteries  by 
Carrel  and  others,  experimentally,  and  by  Goyanes  and  Lexer  after 
the  extirpation  of  aneurisms.  (See  "Aneurisms "  and  "Surgery  of 
Arteries/'  p.  138.) 
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HEMORRHAGE. 

Definitions. — By  hemorrhage  is  meant  an  escape  (extravasation) 
of  blood  from  the  blood-vessels  or  the  heart.  The  blood  may  escape  out 
of  the  blood-vessels,  either  as  the  result  of  a  direct  break  or  solution  of 
the  continuity  of  the  vessel-wall,  or  by  cellular  (so-called  molecular) 
changes  in  the  tunics  of  the  vessel,  or  by  alterations  in  the  composition 
of  the  blood  itself  which  favor  its  pathologic  transudation  through  appar- 
ently normal  vessels.  Hemorrhage  may  be  external  if  the  blood  escapes 
outside  of  the  tissues;  interned,  if  within  the  body.  According  to  the 
vessels  involved,  it  may  be  arterial,  venous,  capillary,  or  parenchymatous. 
According  to  its  extent,  it  may  form  minute  punctiform  extravasations 
(petechia);  larger  patches,  ecchymosis;  hematomas,  when  the  hemor- 
rhage is  sufficient  to  form  appreciable  swellings  and  tumors  containing 
circumscribed  collections  of  blood.  Hemorrhagic  infarcts  are  circum- 
scribed areas  of  extravasation,  caused  by  progressive  overflow  of 
blood  in  a  region  in  which  the  main  terminal  vessel  is  blocked  by  an 
embolus  or  thrombus,  and  the  collateral  vessels  are  unable  to  adjust 
themselves  to  the  new  conditions  of  increased  tension  and  intravas- 
cular pressure — usually  in  the  terminal  arteries  of  the  lungs,  kidneys, 
spleen,  brain,  or  other  internal  organs.  (See  Thrombosis  and  Embo- 
lism.) 

Hemorrhages  are  also  specifically  designated  by  the  names  of  the 
organs  in  which  the  hemorrhage  occurs,  asepistaxis,  nosebleed;  hemate- 
mesis,  or  gastrorrliagia,  gastric  hemorrhage;  hemoptysis,  coughing  of 
blood;  metrorrhagia,  uterine  hemorrhage;  hematuria,  bloody  urine; 
hemothorax;  hemopericardium;  hematorrhachis,  hemorrhage  into  the 
spinal  canal,  etc. 

Pathogeny  of  Hemorrhage. — The  pathogeny  or  essential  causation 
of  hemorrhage  may  be  summed  up  into:  (a)  Traumatic  hemorrhages  or 
those  caused  by  injury  or  mechanical  violence,  and  are  those  which 
directly  concern  the  surgeon;  (b)  pathologic  lesions  and  degenerative 
changes  in  the  vessel-walls  (organic  or  angeiopathic  hemorrhage),  which 
should  include  as  a  subdivision  the  alterations  of  the  walls  caused  by 
disturbances  in  the  innervation  of  the  vessels  (neuropathic  and  neuro- 
trophic hemorrhages);  (c)  dyscrasic  or  hemopathic  hemorrhages,  caused 
by  changes  in  the  blood  itself,  which  increase  its  fluidity  and  favor  its 
extravasation. 

The  mechanical  causes  of  hemorrhage  (fully  considered  in  the  sec- 
tions on  the  Surgery  of  the  Arteries  and  the  Veins)  may  be  briefly  stated 
as  wounds  and  injuries  of  the  blood-vessels  from  without,  by  puncturing, 
penetrating,  incising,  contusing,  and  crushing  instruments,  weapons,  etc. 
The  erosion  of  vessels  by  ulcerative  processes  of  septic  origin,  ulcerating 
growths;  by  perforation,  by  animal  parasites  (uncinariasis,  strongylus 
disease,  distoma,  echinococci),  and  by  erosion,  caused  by  diverse 
inflammatory  and  degenerative  lesions  involving  the  blood-vessels  (gas- 
tric hemorrhage  in  peptic  ulcer,  metrorrhagia  in  degenerative  disease 
of  the  endometrium,  hemoptysis  in  pulmonary  tuberculosis).    Among 
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the  mechanical  causes  must  be  included  the  rupture  of  the  blood-vessels, 
whether  arteries  or  veins,  when  diseased,  by  sudden  exaggeration  of 
the  blood-pressure,  as  in  apoplexy,  hemorrhoidal  flux,  and  other  intes- 
tinal hemorrhages  caused  by  obstruction  of  the  portal  circulation,  etc. 

The  neurotrophic  dyscrasic  hemorrhages  may  be  classified  under  the 
various  conditions  which  underlie  their  causation.  These  conditions, 
however,  are  far  from  being  well  understood.  The  hemic  intoxications 
or  toxemias  which  injure  and  alter  the  delicate  and  sensitive  tunics  of 
the  blood-vessels  also  produce  changes  in  the  physical  and  chemical 
composition  of  the  blood,  affecting  its  coagulability  and  thus  favoring 
its  escape  through  the  vessel-walls. 

The  histologic  lesions  observed  in  the  vascular  walls  in  the  hemor- 
rhagic diseases  and  conditions  caused  by  the  presence  of  micro-organ- 
isms and  their  toxins  in  the  blood  are  variable,  but  they  may  be  summed 
up  as  a  cloudy  swelling,  edematous  swelling  of  the  endothelium  of  the 
smaller  capillaries — sometimes  to  the  extent  of  obliterating  the  lumen 
of  these  vessels;  fatty,  hyaline  degeneration  and,  frequently,  a  paren- 
chymatous degeneration  of  the  muscularis  of  the  arterioles — this  lesion, 
however,  being  secondary  in  importance  to  the  endothelial  changes 
which  are  essential  and  fundamental  in  the  process. 

In  the  great  septicemias  in  which  not  only  the  toxins  but  the  living 
organisms  themselves  infest  the  blood  in  large  numbers  (e.  g.,  typhus 
exanthematicus,  bubonic  pest,  and  in  some  of  the  general  staphy- 
lococcus and  streptococcus  infections) — the  numerous  punctiform  and 
larger  extravasations  which  occur  on  the  skin  and  mucous  surfaces  are 
accounted  for  by  the  presence  of  living  organisms  which  plug  the  capil- 
laries in  large  numbers.  They  attract  masses  of  leukocytes  which  accu- 
mulate in  the  smaller  veins  and  capillaries,  forming  gelatinous  plugs  or 
thrombi.  The  walls  of  the  capillaries,  thus  obliterated,  undergo  nutri- 
tional and  degenerative  changes  which  make  them  permeable  to  the 
blood  elements,  thus  accounting  for  the  minute  but  visible  hemorrhages. 

The  neuropathic  hemorrhages  are  the  least  understood.  They  are 
evidently  dependent  upon  disorders  of  the  sympathetic  or  vasomotor 
nerves.  Menstruation  is  a  physiologic  type  of  these  hemorrhages,  and 
certain  epistaxes,  hemoptyses,  gastrorrhagias,  the  hemorrhoidal  bleed- 
ings of  a  periodic  type,  occurring  as  vicarious  hemorrhages  when  the 
menses  are  suppressed,  are  conspicuous  in  this  group. 

General  Physiologic  and  Histologic  Data. — The  physiologic  limit 
of  blood-loss  compatible  with  life  has  been  the  subject  of  interesting 
and  extensive  study  and  experimentation  from  the  earlier  researches 
of  Herbst  (1822)  to  the  present  time.  The  total  quantity  of  blood  in 
the  body  has  been  determined  approximately  by  physiologists  to  be  7.7 
per  cent,  (one-thirteenth)  of  the  body  weight.  That  is,  a  man  weighing  68 
kilos  (150  pounds)  has  about  5236  grams  or  4965  c.c.  of  blood  in  his  body, 
or,  roughly,  about  5  liters  or  5  quarts  of  blood.  In  man,  death  is  inevitable 
when  an  adult  loses  at  one  time  one-half  (4  to  6  pounds)  of  the  total 
volume  of  blood,  whereas  a  more  considerable  but  gradual  loss  may  be 
followed  by  recovery.     The  most  severe  hemorrhages  in  surgical  opera- 
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tions  very  rarely  exceed  3  per  cent,  of  the  total  volume  of  blood.  As 
a  rule,  the  smaller  the  animal  and  the  more  rapid  the  hemorrhage,  the 
more  severe  are  its  effects.  Children  are  much  more  susceptible  than 
adults  and  may  die  after  very  small  hemorrhages,  while  women  will  stand 
the  effects  of  hemorrhage  much  better  than  children  or  men. 

As  pointed  out  by  Cabot  and  others,  comparatively  slight  hemor- 
rhages, which  could  not  impoverish  the  blood  of  an  adult,  may  pro- 
duce considerable  anemia. 

In  the  aged  or  arteriosclerotic  from  pathologic  causes  the  dangers 
of  acute  hemorrhage  are  still  greater,  owing  to  the  loss  of  elasticity  and 
contractility  of  the  vessels  and  the  inability  of  the  diseased  arterioles  to 
respond  to  the  call  for  compensatory  vasoconstriction. 

Observations  upon  healthy  adults  have  shown  that  a  loss  of  about 
50  c.c,  corresponding  to  about  250  millions  of  red  corpuscles,  is  imme- 
diately replaced  without  diminution  of  hemoglobin  or  erythrocytes  out 
of  the  reserve  fund  of  the  vascular  system  ( Arneth) .  Clinical  observation, 
as  well  as  animal  experiments,  prove  that  even  double  or  triple  the  total 
amount  of  blood  may  be  lost  intermittently  in  the  course  of  a  few  months 
and  be  completely  repaired.  Indirectly,  this  indicates  that  there  exist 
a  constant  and  extensive  formation  and  regeneration  of  the  corpuscles 
of  the  blood  in  normal  conditions,  which  prepare  the  organism  and  con- 
pensate  it  for  the  losses  sustained  in  hemorrhagic  accidents. 

Patients  recover  after  the  persistence,  for  weeks  and  months,  of  less 
than  2,000,000  erythrocytes  to  the  centimeter.  That  the  mere  depriva- 
tion of  the  oxygen-carrying  function  of  the  blood  usually  plays  no  essential 
part  in  the  causation  of  death  from  hemorrhage  is  shown  by  the  fact 
that  in  certain  chronic  hemolytic  diseases  of  the  blood,  such  as  chlorosis 
and  pernicious  anemia,  the  erythrocyte  count  may  be  reduced  to  600,000 
or  500,000  instead  of  the  normal  5,000,000  reds  (Hayem  and  W.  Hunter) , 
and  yot  the  respiration  of  the  individual  will  not  appear  to  be  perceptibly 
affected.  In  a  case  of  acute  posthemorrhagic  anemia,  observed  by  Dock, 
the  count  fell  to  357,600  reds  per  centimeter. 

The  immediate  source  of  danger  from  sudden  loss  of  blood  is  the  fall 
of  blood-pressure  to  a  point  at  which  the  circulation  cannot  be  main- 
tained. Up  to  a  certain  point  the  effect  of  the  loss  of  blood  on  the 
blood-pressure  is  completely  neutralized  by  a  general  peripheral  con- 
traction of  the  arterioles  in  response  to  a  stimulation  of  the  vasomotor 
center  in  the  medulla.  After  very  severe  and  sudden  hemorrhage 
the  arterial  pressure  falls  rapidly  and  suddenly  and  death  will 
ensue  unless  means  are  taken  to  meet  the  threatened  failure  of 
the  circulation.  The  readiest  way  in  which  this  can  be  done,  as  will 
be  shown  in  greater  detail  later,  is  to  replace  the  lost  blood  with  a 
certain  bulk  of  fluid.  To  meet  the  danger  thus  arising  the  amount  of 
blood  is  more  important  than  its  quality  (W.  Hunter). 

The  factors  that  enter  into  the  fall  of  the  blood-pressure  and  are  the 
essential  cause  of  death  in  acute  hemorrhage  are:  The  sudden  anemia  of 
the  bulb,  vasomotor  and  higher  nerve-centers,  which  are  thus  crippled 
or  inhibited,  and  are  unable  to  regulate  the  vasomotor  mechanism,  and 
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the  sudden  diminution  in  the  amount  of  blood  circulating  in  the  blood 
chambers  and  in  the  myocardium  itself.  "Loss  of  blood  predisposes 
to  shock  because  shock  is  due  to  a  disturbance  of  the  vasomotor 
mechanism,  and  the  diminution  of  the  fluid  contained  in  the  vessels 
means  an  additional  tax  brought  to  bear  upon  the  vasomotor  center  in 
maintaining  a  given  mean  blood-pressure.  Every  such  stress  placed 
upon  this  center  diminishes  the  total  amount  of  functional  reserve  it 
may  have." 

The  effect  upon  the  blood-pressure  is  most  sudden  in  venous  hemor- 
rhage from  the  large  venous  trunks  because  the  quantity  of  blood  sup- 
plied to  the  heart  is  more  immediately  reduced,  the  cardiac  output  being 
directly  proportional  to  the  venous  pressure.  The  blood-pressure  is 
only  a  quarter  of  a  pound  to  the  square  inch  in  the  veins,  whereas  in 
the  arteries  it  amounts  to  four  pounds  to  the  square  inch,  or  from  ten 
to  sixteen  times  that  in  the  veins.     (See  Vol.  L,  pp.  79  and  922.) 

Quantitative  and  Qualitative  Changes  in  the  Blood. — At  the 
very  time  when  the  blood  is  escaping  from  the  vessels  there  is  an  effort 
on  the  part  of  the  organism  to  compensate  for  the  diminution  of  the 
total  bulk  by  a  progressive  dilution  of  the  remaining  blood  to  fluid  con- 
tributed by  the  tissues.  Concentration  for  the  time  being  is  a  minor 
consideration  as  compared  to  quantity,  for  the  heart  must  have  some- 
thing to  contract  upon  in  order  to  prevent  an  irremediable  fall  of  blood- 
pressure.  Posthemorrhagic  blood  is  hydremic  blood,  independently  of 
artificial  measures  (saline  infusion)  applied  to  dilute  it.  The  hydremia 
affects  principally  the  plasma,  but  Herz  found  the  relative  volume  of 
the  red  cells  tripled  ten  hours  after  a  very  severe  hemorrhage,  indi- 
cating that  they  had  absorbed  much  water  (Ewing). 

The  restitution  of  the  plasma  is  obtained  from  at  least  three  sources: 
(1)  From  the  lymph-stream  (greater  outpour  of  the  large  lymphatic 
ducts);  (2)  the  more  active  absorption  of  water  and  fluid  ingesta  from 
the  alimentary  canal;  (3)  the  osmotic  filtration  of  the  plasma  of  the  tis- 
sues into  the  blood  through  the  walls  of  the  capillaries.  The  reconstruc- 
tion of  the  chemic  formula  of  the  blood,  especially  in  the  albumin  con- 
tent, requires  intestinal  assimilation  of  the  proteids  contained  in  the 
ingesta,  which  accounts  for  the  longer  time  required  for  this  process  to 
be  perfected  and  presupposes  the  integrity  of  the  digestive  tract. 

The  changes  in  the  morphology  of  the  blood  after  traumatic  hemor- 
rhage are  striking,  and  are  noted  in  blood  examinations  more  promptly 
than  after  the  loss  of  blood  arising  from  pathologic  conditions,  as  in 
bleeding  fibroids,  ulcer  of  the  stomach,  cancer,  hemorrhoids,  etc.  If 
profuse  hemorrhage  is  continued  for  a  long  period  of  time  or  occurs  as 
a  sudden  great  loss,  a  profound  anemia  may  occur  and  the  regeneration 
of  blood  may  be  rendered  impossible.  On  the  other  hand,  healthy  men 
recover  rapidly  from  moderately  severe  hemorrhages,  and  so  completely 
that  the  red  cells  may  be  more  numerous  than  before  (policy themia), 
from  apparent  overstimulation  of  the  bone-marrow.  Diet,  purgatives, 
sweating,  and  other  preparatory  measures  usually  cause  a  relatively 
high  red  count  immediately  before  the  operation  by  the  concentration  of 
vol.  v — 12 
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the  blood.  Summed  up  in  brief \  the  blood  changes  are  as  follows:  A 
single  large  hemorrhage  reduces  the  cells  in  proportion  considerably 
less  than  the  effect  upon  the  volume  of  blood,  beginning  half  an  hour 
after  operation,  reaching  a  maximum  effect  in  three  to  four  days,  and 
followed  by  a  restitution  to  the  normal  number  in  nineteen  to  twenty- 
four  days  (Lyon).  The  period  required  for  the  regeneration  of  the  blood 
depends  upon  age,  the  most  active  period  being  between  the  twentieth 
and  fortieth  years;  and  upon  sex,  male  adults  being  the  quickest  to 
regenerate,  then  women  and  children.  Most  important,  however,  is 
the  state  of  the  nutrition.  It  has  been  found  that  a  full  diet,  full 
supply  of  water,  and  intravenous  infusion  of  saline  solution  greatly 
accelerate  recovery.  The  immediate  effect  of  hemorrhage  is  to  reduce 
the  hemoglobin-index  and  erythrocyte  count,  the  color-index  dropping 
with  the  count  on  parallel  lines.  After  the  hemorrhage  is  arrested, 
•when  regeneration  begins,  the  corpuscles  are  reproduced  more  quickly 
than  the  hemoglobin,  colorless  cells  abound  in  the  blood,  and  the 
color-index  is  relatively  low.  As  regeneration  advances  the  erythro- 
cytes may  exceed  the  normal  as  a  reactionary  phase  and  then  return 
to  the  usual  standard.  The  hemoglobin,  in  the  mean  time,  increases 
and  the  standard  is  restored. 

The  usefulness  of  the  hemoglobin-index  as  a  guide  to  operative 
interference,  upon  which  Bierfreund  and  Mikulicz  at  one  time  laid  so 
much  stress,  has  been  considerably  exaggerated.  Mikulicz  laid  down 
the  rule  that  patients  showing  less  than  30  per  cent,  hemoglobin  should 
not  be  operated  upon.  As  Deaver  very  properly  remarks,  in  all  emer- 
gency hemorrhages  the  hemoglobin  estimation  and  the  red-cell  count 
can  scarcely  be  of  any  immediate  value  to  the  surgeon,  since  his  prime 
thought,  except  in  lethal  cases,  is  directly  to  check  bleeding  if  possible, 
and,  as  Lazarus  says,  "  the  histologic  changes  peculiar  to  acute  anemia 
compatible  with  life  are  found  at  the  earliest  twenty-four  hours  after 
hemorrhage."  "In  symptomatic  or  chronic  anemias  occurring  with 
small,  but  frequently  repeated  hemorrhages,  in  association  with  or  as 
a  result  of  chronic  suppurative  processes  of  tumors,  the  value  of  the 
hemoglobin-index  and  blood-count  is  to  be  considered  not  from  a 
diagnostic  but  from  a  prognostic  standpoint.  Given  in  these  cases  a 
hemoglobin  percentage  of  25,  a  paucity  of  small,  distorted  red  cells, 
and  a  diseased,  spoiled  body,  I  consider  the  patient's  condition  provoca- 
tive of  the  surgeon's  most  serious  and  sober  contemplation  "  (Deaver). 

The  most  important  posthemorrhagic  change  in  the  blood  is  a 
more  or  less  marked  leukocytosis,  chiefly  of  the  polymorphonuclear 
neutrophiles.  A  severe  hemorrhage  is  usually  followed  by  a  rise  of  the 
leukocyte  count  to  30,000  or  40,000.  The  highest  leukocyte  count  is 
made  almost  invariably  on  the  day  after  the  operation  (Frazier  and 
Halloway).  The  blood-plates  show  a  marked  posthemorrhagic  increase, 
and  it  is  to  this  fact  that  the  increased  coagulability  of  the  blood  in 
hemorrhage  is  chiefly  attributed. 

The  Regeneration  of  the  Blood. — The  blood  is,  of  all  the  tissues^ 
most  rapidly  and  complete!}'  repaired  and  regenerated. 
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The  regeneration  of  blood  elements  is  not  effected  simultaneously,  but  in  gradual 
stages,  in  which  the  plasma  occupies  the  first  rank,  the  leukocytes  and  platelets  the 
second,  and  the  erythrocytes  and  hemoglobin  the  last.  In  pathologic  states  in 
which  the  blood-making  organs  are  crippled  by  infectious  processes  or  degenerative 
conditions,  or  in  hemolytic  processes  in  which  the  blood  elements  are  constantly 
destroyed  as  rapidly  as  they  are  produced,  the  regeneration  of  the  blood  proves 
abortive  (e.  g.,  pernicious  anemia,  chlorosis)  or  is  totally  arrested.  In  ordinary 
posthemorrhagic  diseases  secondary  to  uncomplicated  traumatisms  the  blood  is 
rapidly  regenerated,  as  in  the  experimental  hemorrhage  obtained  in  normal  animals. 
The  mechanism  by  which  the  plasmatic  deficiency  is  promptly  met  by  provisional 
hydremia  has  already  been  indicated.  The  cellular  or  formed  elements  of  the  blood 
are  born  chiefly  out  of  the  proliferation  of  the  bone-marrow,  the  germinal  centers 
of  the  lymphatic  nodes  (Keimcentreti,  Fleming),  the  Malpighian  corpuscles  of  the 
spleen,  the  liver,  and  the  lymphoid  tissue  of  the  intestinal  tract,  thymus,  adrenals, 
etc.  In  all  these  tissues  the  activity  of  the  proliferative  process  is  directly  propor- 
tional to  the  blood  loss.  In  the  tissues  in  which  hematogenesis  is  most  active  a 
reversal  of  type,  from  the  adult  to  the  embryonal  form,  is  observed,  as  in  the  bone- 
marrow  (the  yellow  marrow  becoming  red),  the  embryonic  nucleated  cells  (ery- 
throblasts  and  leukoblasts),  which  are  the  product  of  karyokinetic  changes  in  the 
parent  tissue,  often  appearing  in  the  blood  as  nucleated  cells  long  before  they  have 
attained  maturity.  In  brief,  the  regeneration  of  the  blood  resolves  itself,  in  spite 
of  its  multiform  and  complex  phases,  into  a  simple  illustration  of  the  reaction  of 
the  living  tissues  to  injury,  in  which  the  damage  inflicted  by  accident  or  disease  is 
repaired,  as  in  all  other  tissues,  by  a  return  of  the  parent  tissue  to  the  embryonal 
type  and  its  reproduction  by  the  karyokinetic  process  (Mayer  and  Heineke). 

In  surgical  conditions  it  is  very  seldom  that  more  than  3  per  cent,  of  the  blood 
volume  is  lost.  Therefore,  after  surgical  procedures,  the  blood  should  reach  its 
normal  within  two  or  three  weeks,  as  far  as  the  regeneration  required  by  hemor- 
rhage is  concerned.  If  the  normal  is  not  reached  after  a  traumatic  hemorrhage 
(operative)  within  three  weeks,  some  pathologic  condition,  possibly  latent,  as  cancer 
or  tuberculosis,  is  interfering  with  complete  regeneration  (Crile). 
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Surgical  Varieties  of  Hemorrhage.— Classification.— Hemor- 
rhage may  occur  under  one  of  four  different  forms  or  all  combined,  its 
special  designation  being  derived  from  the  seat  of  the  lesion,  namely, 
arterial,  venous,  capillary,  and  parenchymatous. 

Arterial  Hemorrhage. — This,  the  most  formidable  variety,  is  dis- 
tinguished by  the  rapid  and  copious  outpouring  of  bright  red  oxygenated 
blood,  which  spurts  in  jets  from  the  injured  vessel  synchronously  with 
the  heart-beat.  In  the  estimation  of  the  color  as  an  index  to  the  source 
of  hemorrhage  it  must  be  kept  in  mind  that  in  deep  chloroform  anes- 
thesia or  partial  asphyxia  arterial  blood  may  take  a  purplish  discolora- 
tion. The  diminished  output  of  the  heart  soon  expresses  itself  by  the 
gradual  weakening  of  the  spurt  from  the  wounded  artery.  The  bleeding 
may  be  interrupted  by  compressing  the  vessel  between  the  heart  and  the 
wound,  unless  there  is  extensive  vascular  union  by  large  anastomoses. 
The  blood  flows  in  an  even  stream  instead  of  in  spurts  when  an  arterial 
lesion  is  deeply  situated,  and  communicates  only  by  a  narrow  opening 
with  the  exterior. 

Venous  hemorrhage  may  be  mistaken  for  arterial  hemorrhage 
when  there  is  an  exaggerated  local  hyperemia,  causing  the  venous  blood 
to  look  like  arterial  blood.  Exposure  to  the  air  of  blood  escaping  from 
a  vein  results  in  prompt  oxidation,  with  the  attendant  arterial  tint.  A 
bleeding  vein  may  be  temporarily  controlled  by  compressing  the  vessel 
between  the  capillaries  and  the  wound,  whereas  the  hemorrhage  in- 
creases in  intensity  when  the  vessel  is  compressed  between  the  heart 
and  the  wound,  since  all  the  blood  is  thus  made  to  flow  through  the 
opening.  Pulsation  may  be  simulated  to  a  certain  extent  when  the 
bleeding  vein  is  lifted  by  a  neighboring  artery,  as,  for  instance,  the  basilic 
vein  by  the  brachial  artery;  or  when  the  intravenous  pressure  is  altered 
by  thoracic  aspiration,  as  in  the  vessels  in  the  base  of  the  neck  (Reclus). 
Hemorrhage  from  the  large  venous  trunks  was  observed  by  Crile 
to  produce  the  most  profound  effect  upon  the  blood-pressure  {vide 
ante). 

Capillary  hemorrhage  consists  in  the  oozing  of  blood  from  a  num- 
ber of  minute  points  in  the  exposed  surface.  This  form  of  hemorrhage 
becomes  a  source  of  danger  only  through  its  persistence,  since  but  little 
blood  is  lost  at  each  bleeding  point.  It  wells  up  in  a  wound  like  water 
from  a  squeezed  sponge.  Coming  from  the  mucosa,  capillary  hemor- 
rhage is  more  serious  than  from  superficial  skin  wounds  on  account 
of  the  better  vascularization  of  the  former.  The  blood  lost  in  capillary 
hemorrhage  is  not  as  bright  as  arterial  blood,  and  at  the  same  time  is 
less  dark  than  venous  blood.  The  outpour  may  be  considerable  when  it 
comes  from  inflamed  parts  under  increased  blood-pressure  (phlegmon); 
from  very  vascular  organs  (tongue,  cervix,  anus),  or  when  there  is  a 
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certain  degree  of  vasomotor  paralysis,  as  after  prolonged  Esmarch 
ischemia. 

Parenchymatous  hemorrhage  is  characterized  by  blood  of  partly 
venous  and  partly  arterial  origin.  To  a  certain  extent  it  coincides 
with  capillary  hemorrhage,  but  occurs  also  from  parts  or  organs  where 
there  is  no  capillary  system  proper,  minute  arteries  opening  directly 
into  veins,  as  in  the  spleen.  In  other  than  hemophilic  subjects  the  last 
two  varieties  of  hemorrhage  have  a  tendency  to  subside  spontaneously 
by  the  formation  of  minute  thrombi  at  the  divided  ends  of  the  vessels. 
Subcutaneous,  submucous,  and  interstitial  hemorrhages  have  already 
been  fully  considered. 

By  the  time  of  its  occurrence,  hemorrhage  is  differentiated  into  (1) 
primary,  (2)  reactionary,  and  (3)  secondary  hemorrhage.  Primary  hem- 
orrhage is  the  immediate  result  and  evidence  of  vascular  injury  or  lesion 
appearing  under  either  of  the  anatomic  forms  of  hemorrhage.  Reac- 
tionary hemorrhage,  also  called  intermediary  or  consecutive,  is  usually 
the  consequence  of  the  return  of  the  blood-pressure  after  restoration 
from  sudden  vascular  depletion.  The  provisional  clot  formed  during 
the  syncopal  state,  plugging  the  divided  end  of  the  vessel,  is  swept 
away.  Subsequent  to  a  surgical  operation  it  may  occur  as  the  result 
of  slipping  of  a  ligature.  The  usual  time  of  its  occurrence  is  within  the 
first  twenty-four  hours  following  traumatism.  Secondary  hemor- 
rhage is  relatively  a  rare  event  since  the  advent  of  asepsis.  Its  most 
common  cause  is  ulceration  of  the  vascular  walls,  due  to  septic  arteritis. 
Incomplete  repair  of  the  wounded  vessel  in  an  aseptic  wound  rarely  is  a 
causative  factor.  The  usual  time  of  its  occurrence  is  between  the  sixth 
and  fifteenth  day  after  the  injury. 

Symptomatology  and  Clinical  Characteristics.— The  clinical  pic- 
ture of  hemorrhage  varies  enormously,  as  in  the  extremes  presented  by 
the  deadly — almost  instantly  fatal — outpour  from  a  wound  of  the  aorta, 
vena  cava,  or  any  other  trunk  of  the  first  magnitude,  to  the  slow  but 
progressive  development  of  symptoms  following  the  extraction  of  a 
tooth  in  a  hemophilic  subject.  Apart  from  the  volume  of  blood  and 
the  rapidity  of  the  flow,  which  are  the  essential  factors  in  determining 
the  characteristic  symptom-complex  of  hemorrhage,  the  age,  sex,  and 
condition  of  the  individual  in  reference  to  pathologic  states  greatly 
influence  not  only  the  picture,  but  the  ultimate  effects  of  the  hemor- 
rhage. The  seat  of  the  hemorrhage  or  the  organ  involved  in  the 
bleeding  gives  a  special  individuality  to  the  symptomatology  as  well 
as  a  distinctive  effect  upon  the  organism.  The  extravasation  of  a  few 
drops  of  blood  into  the  medulla  may  prove  instantly  fatal;  a  clot  in 
the  brain  weighing  less  than  an  ounce  will  cause  the  gravest  and  most 
permanent  disorders,  while  the  same  amount  under  the  skin  will  scarcely 
be  noticed.  A  few  ounces  of  blood  coughed  up,  or  vomited,  or  excreted  by 
the  kidneys  will  create  distinctive  groups  of  symptoms  which  in  other 
localities  would  attract  little  or  no  attention. 

Leaving  out  of  consideration  the  hopeless  cases  in  which  death  occurs 
almost  immediately  after  the  injury  of  a  great  blood-vessel,  the  uncon- 
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trolled  bleeding  from  the  peripheral  artery  of  secondary  magnitude 
(brachial,  superficial  femoral),  or  if  we  take  as  examples  the  hemor- 
rhages which  occur  in  the  abdomen,  neck,  and  thorax  after  penetrating 
wounds,  we  shall  find  a  train  of  symptoms  which  are  typical  of  acute 
surgical  anemia.  The  symptomatology  in  these  cases  will  often  be 
initiated  with  the  first  gush  of  blood  and  the  failure  of  the  first  efforts 
of  the  patient  to  arrest  it.  Fainting  will  occur,  a  purely  emotional 
swoon  or  faint  (lypothymia),  in  which  consciousness  is  lost,  but  with 
comparatively  slight  disturbances  in  the  pulse,  heart,  or  arterial  tension. 
This  faint  must  not  be  mistaken  for  true  syncope  due  to  cerebral  or 
bulbar  anemia,  or  for  the  terminal  syncope  occurring  as  the  last  and 
fatal  expression  of  an  irremediable  hemorrhage.  The  initial  faint  is 
a  purely  psychic  phenomena  of  an  emotional  character  which  is  not  at 
all  dependent  upon  the  depression  of  the  circulation.  If  the  patient 
falls  to  the  ground,  lying  horizontally,  the  temporary  diminution  of  the 
arterial  tension  will  diminish  the  hemorrhage  or  even  arrest  it  for  the 
time  being;  consciousness  will  soon  return  and  with  it  the  vigor  of  the 
heart's  action,  with  a  reestablishment  of  the  hemorrhage  as  actively  as 
before  the  loss  of  consciousness.  The  true  evidences  of  progressive 
vascular  depletion  will  now  assert  themselves.  Prostration  will  follow 
mere  weakness.  The  anxiety  of  the  patient  will  increase.  Fingers 
and  toes,  hands  and  feet,  will  become  cold,  and  the  entire  surface  will 
feel  chilled  and  clammy.  The  pulse,  previously  quickened  by  excite- 
ment, will  beat  faster,  becoming  smaller  and  more  compressible  as  the 
hemorrhage  progresses.  The  temperature  will  fall  steadily,  even  if  there 
is  fever  at  the  time,  becoming  subnormal  as  the  flow  continues.  The 
breathing  becomes  short,  hurried,  sighing,  and  distressed  as  the  patient 
gasps  for  breath.  A  cold  sticky  sweat  breaks  out  on  the  forehead  and 
chest  and  the  palms  of  the  drooping  hands.  Yawning  is  frequent,  in 
strange  contrast  with  the  general  distress  and  grave  disturbance  in 
the  respiration.  Restlessly,  the  patient  throws  about  his  extremities, 
especially  the  arms,  calling  for  water  to  quench  an  intolerable  thirst. 
At  this  stage,  if  the  patient  will  sit  up,  he  may  suddenly  fall  back 
in  syncope,  a  grave  manifestation  due  to  actual  reduction  of  the  blood 
mass,  deficient  heart  action,  and  lack  of  vasomotor  compensation.  Inr 
this  true  syncope  the  patient's  appearance  simulates  death,  the  pulse 
is  extremely  feeble  and  beats  at  long  intervals,  the  respiration  is 
shallow  and  almost  suspended. 

In  this  syncopal  state  the  hemorrhage  is  arrested  and  spontaneous  hemostasis 
by  coagulation  in  the  wound  is  most  likely  to  take  place.  The  great  retardation 
as  well  as  shallowness  of  the  pulse-wave  favors  the  formation  of  a  provisional  clot, 
which  in  the  smaller  vessels  may  permanently  plug  the  wound. 

If,  however,  stimulating  measures  are  applied  without  adequate 
closure  of  the  vessel,  the  systolic  impulse  will  increase,  the  vascular 
tension  return,  and  the  provisional  clot  will  be  washed  away,  followed 
by  a  reestablishment  of  the  hemorrhage.  As  this  progresses  the  skin 
becomes  waxy,  livid,  and  assumes  a  cadaveric  hue,  especially  about  the 
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lips,  ears,  and  eyelids.  The  pupils  dilate  widely,  the  sunken  eyeballs  are 
thrown  about  in  jerky  movements.  The  mouth  gapes  wide,  the  tongue 
is  dry,  crisp,  and  hard  from  dehydration,  the  voice  is  husky.  The 
pulse  becomes  weaker,  more  hurried,  thready,  and  irregular.  The 
heart  merely  flutters  in  the  chest.  The  arterial  pressure  drops  con- 
stantly. Muscular  twitchings  of  the  limbs  shake  the  exsanguinated 
body.  If  consciousness  is  retained,  the  patient  is  likely  to  complain  of 
vertigo  with  nausea  and  retching;  roaring  sounds  are  heard  in  the  ears 
(tinnitus),  dark  specks  flitter  before  the  eyes  (muscae  volitantes),  flashes 
of  light,  which  just  before  the  end  are  replaced  by  a  deepening  pall  of 
darkness.  Consciousness  is  now  lost,  the  pulse  flickers,  and  the  respira- 
tion assumes  an  irregular  spasmodic  or  a  Cheyne-Stokes  type.  With 
these  evidences  of  bulbar  failure  the  terminal  syncope  with  total 
arrest  of  the  heart's  action  soon  follows,  preceded  by  general  muscular 
twitchings — sometimes  general  tetanic  convulsions,  irregular  pupillary 
movements,  ending  in  wide  dilatation  and  fixation,  with  relaxation  of 
the  vesical  and  rectal  sphincters,  and  death. 

Post-hemorrhagic  Phenomena. — When  the  hemorrhage  is  arrested 
by  timely  surgical  intervention  and  the  blood  loss  is  small,  the  patient 
usually  recovers  after  a  variable  time,  during  which  the  secondary  anemia 
is  corrected.  In  some  cases  temporary  measures  may  arrest  the 
hemorrhage  before  the  terminal  syncope  has  been  reached  and  death 
may  be  thus  averted.  But  if  the  depletion  has  reduced  the  blood  to  30, 
40,  or  50  per  cent,  of  its  normal  volume,  the  patient  will  ultimately 
succumb  in  from  twelve  to  forty-eight  hours.  Unless  the  blood  is 
reinforced  by  the  infusion  of  living  blood  of  the  same  species — mere 
dilution  of  the  saline  solution  being  inadequate — death  will  inevitably 
take  place.  When  the  hemorrhage  is  arrested  in  the  preagonic  stage, 
a  patient  may  recover  consciousness  temporarily  though  the  mind  still 
remains  cloudy.  All  the  signs  of  acute  anemia  continue,  with  dilated 
pupils,  headache,  nausea,  rapid  pulse,  dyspnea,  arrested  secretions, 
extreme  prostration,  subsultus,  delirium,  multiple  twitchings,  and, 
finally,  death  preceded  by  coma. 

Frequently  repeated  hemorrhages  will  bring  about  the  same  fatal 
results  in  the  end  as  observed  after  one  large  continuous  hemorrhage. 
In  these  conditions  the  malnutrition  brought  about  by  the  initial 
hemorrhage  is  perpetuated  by  the  return  of  the  hemorrhage,  which 
interrupts  all  efforts  at  repair  and  regeneration  of  the  blood.  In  these 
conditions  there  is  an  "aqueous  plethora"  and  apparently  no  loss 
of  flesh,  the  tissues  are  pale,  waxy,  and  puffy,  suggestive  of  dropsical 
infiltration  or  edema.  There  is  exhaustion  at  the  least  effort,  the 
pulse  is  rapid,  the  temperature  is  above  normal,  with  periodic 
remissions  and  exacerbations.  The  Hb  index  and  blood-count  remain 
low,  and  the  blood-picture  is  very  much  like  that  of  chlorosis.  With 
each  successive  hemorrhage  the  pallor  becomes  greater  and  the  hemic 
murmurs  heard  at  the  base  of  the  heart  and  throughout  the  great 
vessels  become  louder  and  louder.  Finally,  the  end  comes  as  a  result 
of  progressive  exhaustion  and  perverted  metabolism. 
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Some  patients  recover  from  profuse  hemorrhages  with  a  violent 
reaction.  There  is  a  general  erythism  of  the  vascular  system  (Hayem). 
After  the  arrest  of  the  hemorrhage  the  heart  beats  with  violence,  the 
pulse  is  full  and  bounding — 120  and  over — throbbing  is  felt  in  the 
temples  and  subjectively  in  the  peripheral  vessels.  There  is  roaring 
in  the  ears;  phosphenes  in  the  eyes;  the  head  feels  full  and  heavy.  The 
temperature  rises  above  normal  ("hemorrhagic  fever,"  which  in  no 
case  is  to  be  confused  with  the  septic  wound  fevers)  and  a  state 
of  mental  exaltation  prevails.  The  condition  of  these  patients  is  sug- 
gestive of  the  vascular  and  nervous  erythism  observed  in  exophthalmic 
goiter.  This  condition  often  occurs  also  as  a  prodrome  or  precursor 
of  a  recurrent  hemorrhage. 

Differential  Diagnosis  Between  Hemorrhagic  Collapse  and 
Shock. — In  the  emergencies  of  surgical  practice  a  differentiation 
between  these  two  conditions,  or  even  the  preponderance  of  one  over  the 
other,  is  extremely  difficult;  this  difficulty  being  felt  especially  in  those 
cases  of  suspected  concealed  hemorhage  in  which  the  early  differentiation 
would  be  helpful  to  the  surgeon.  The  distinction  made  by  Crile  (Vol.  I., 
p.  922)  between  shock  and  collapse — viz.,  that  shock  is  essentially  a 
paralysis  or,  at  least,  an  exhaustion  of  the  vasomotor  center,  while  in 
the  collapse  of  hemorrhage  there  is  no  such  exhaustion,  but  merely  a 
suspension  or  inhibition  of  function — is  of  no  help  practically,  because 
the  two  conditions  when  viewed  in  typical  cases  are  clinically  identical. 
Even  syncope,  which  is  distinguished  from  collapse  or  shock  by  sudden 
loss  of  consciousness,  dependent  upon  the  retreat  of  the  blood  from  the 
brain,  due  largely  to  psychic  influences,  is  difficult  to  distinguish  from 
either  shock  or  collapse,  especially  when  associated  with  injury. 

The  differentiation  between  the  collapse  or  syncope  of  hemorrhage 
from  shock  is  most  important  in  critical  cases  in  which  concealed  pro- 
gressive hemorrhage  is  suspected,  as  in  the  great  traumatisms,  gunshot- 
wounds  of  the  abdomen  and  thorax.  In  these  cases  prompt  action  is 
required  to  save  life,  and  yet  the  surgeon  is  often  perplexed  and  hesi- 
tates, unable  to  decide  whether  he  should  interfere  or  not.  If  hemor- 
rhage is  the  cause  of  the  collapse,  there  is  evidently  no  time  to  lose  in 
opening  the  cavity  and  securing  the  bleeding  point  at  once.  If  shock 
is  the  dominant  condition,  a  formal  laparotomy  would  only  add  to  the 
gravity  of  the  case.  When  the  condition  of  the  patient  is  such  as  not 
to  justify  delay  for  observation,  the  only  course  left  to  the  surgeon  is 
to  proceed  as  if  he  were  dealing  with  hemorrhage.  In  these  extreme 
cases  the  patient  will  rally  and  react  immediately  after  a  hot  intra- 
venous saline  infusion  if  hemorrhage  is  the  dominant  element.  On  ^ 
the  other  hand,  if  there  is  no  hemorrhage  and  shock  is  the  essential 
element,  as  seen  in  the  great  visceral  traumatisms,  and  in  cases  of  pro- 
found and  overwhelming  sepsis,  there  will  be  no  reaction,  no  circulatory 
response,  or  at  least  such  as  will  give  the  pulse  sufficient  volume  and 
stability  to  warrant  the  operator  in  proceeding  with  an  exploratory 
operation.  This  sort  of  therapeutic  test  I  have  found  more  reliable 
than  any  other  in  practice,  though  I  find  that  with  increasing  ex- 
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perience  the  application  of  saline  infusion  as  a  test  has  become  less 
frequent  than  in  former  years.  In  less  acute  cases  the  differentiation 
of  hemorrhage  from  shock  will  be  assisted  by  the  blood  examinations, 
which  will  show  a  steady  fall  in  the  red  blood-count,  with  a  reduction  in 
the  Hb  index.  This,  in  connection  with  the  history  of  the  case,  a 
steadily  rising  pulse  and  falling  temperature,  will  help  to  differentiate 
the  two  conditions.  Furthermore,  if  there  is  progressive  hemorrhage  in 
the  abdominal  and  thoracic  cavities,  the  development  of  physical  signs, 
such  as  increasingly  dull  areas  on  percussion  corresponding  to  the  seat 
of  the  blood  accumulations,  will  help  to  clear  up  the  diagnosis.  But 
in  practice  the  duty  of  the  surgeon  when  in  doubt  as  to  the  existence  or 
progress  of  hemorrhage  is  to  proceed  directly  to  the  exploration  of  the 
suspected  region,  as,  for  instance,  the  abdomen,  where,  by  a  small  incision, 
under  local  anesthesia,  he  will  be  able  to  determine  quickly  the  true 
nature  of  the  case.  When  there  is  no  immediate  urgency,  as  in  some 
early  cases  of  extra-uterine  pregnancy,  in  some  forms  of  threatened 
perforation  in  typhoid,  or  in  acute  peritoneal  sepsis  which  may  be  con- 
fused with  hemorrhage,  a  surgeon  may  avail  himself  of  blood  exami- 
nations to  determine  the  Hb  index  and  blood-counts,  made  at  short 
intervals,  as  valuable  helps  in  arriving  at  conclusions. 

"A  large  internal  hemorrhage,  as  from  a  ruptured  extra-uterine  gestation  sac,  or 
ruptured  spleen  or  kidney,  or  ulcer  of  the  stomach  or  duodenum,  causes  a  loss  of 
red  corpuscles  and  induces  a  leukocytosis.  When  such  blood  changes  are  noted, 
they  are  valuable  in  differentiating  the  conditions  attended  by  hemorrhage  from 
intestinal  obstruction  or  peritonitis.  Cerebral  hemorrhages  can  be  differentiated 
from  concussion  of  the  brain  by  the  concomitant  leukocytosis.  The  leukocytes  may 
rise  in  number  as  high  as  20,000.  A  mild  degree  of  shock  calls  forth  a  slight  rise  in 
the  number  of  leukocytes.  Severe  shock  paralyzes  the  leukoblastic  tissues  temporarily, 
as  a  result  of  which  a  transient  leukopenia  ensues." 

It  is  important  in  interpreting  the  significance  of  leukocytosis  in  post-hemorrhagic 
cases  not  to  overlook  the  fact  that  many  drugs  (potassium  iodid,  quinin,  salicylic 
acid  and  the  salicylates,  antipyrin,  protonuclein,  digitalis,  morphin)  all  cause  a 
leukocytosis.  Ether  and  chloroform  have  a  vigorous  hemolytic  action,  which  is 
followed  by  polycythemia  from  overstimulation  of  the  blood-making  organs.  On 
the  other  hand,  it  is  followed  by  a  comparatively  high  reactionary  leukocytosis 
(average  30  per  cent.),  more  than  before  anesthesia  (DaCosta),  the  rise  occurring 
during  anesthesia  and  lasting  about  twenty-four  hours.  Purgation  and  saline  in- 
fusion are  also  followed  by  a  leukocytosis  which  may  prove  deceptive. 
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Prophylactic  and  Provisional  Hemostasis.— The  numerous  re- 
sources for  the  prevention  of  hemorrhages  are  among  the  greatest 
contributing  factors  to  the  development  of  modern  surgery.  Indeed, 
of  all  the  operative  causes  of  shock,  admittedly  the  first  and  chief 
is  hemorrhage,  then  pain,  and  injuries  to  the  nerves.  "The  older 
the  surgeon,  the  greater  becomes  his  respect  for  a  drop  of  blood'' 
(Dawbarn). 

Among  the  agents  to  be  considered  in  prophylactic  hemostasis 
besides  the  constitutional  measures  which  affect  the  blood-pressure, 
the  contractility  of  the  peripheral  blood-vessels,  or  increase  the  coag- 
ulability of  the  blood  are  the  following: 

Position. — Elevation.  It  is  through  the  vasomotor  system  that 
the  influence  of  changes  of  position  on  the  circulation  is  almost  com- 
pletely compensated,  especially  in  man  and  those  animals  to  which 
the  upright  position  is  normal.  While  in  normal  men  and  animals 
the  influence  of  gravity  is  largely  neutralized  by  the  compensatory 
mechanism  of  the  vasomotor  system,  it  is  well  known  that  this  com- 
pensation is  lost  in  a  great  measure  when  the  vasomotor  center  in  the 
medulla  is  inhibited,  weakened,  or  exhausted  by  conditions  which 
affect  the  intracranial  circulation,  acute  anemia  from  hemorrhage, 
shock  from  extensive  traumatisms,  powerful  emotional  influences, 
the  circulation  of  the  toxic  agents  in  the  blood  (chloroform,  ether, 
bacterial  toxins,  etc.),  exhaustion,  and  malnutrition  from  disease.  In 
the  constant  play  between  the  hydrostatic  and  hydrodynamic  factors 
(heart  and  vasomotor  nerves)  the  equilibrium  of  the  circulation  is 
easily  disturbed  by  any  element  which  will  weaken  or  diminish  the 
sensitiveness  and  energy  of  the  vasomotor  center  which  is  constantly 
adjusting  the  differences  in  the  blood-pressure  caused  by  position  and 
gravity.  A  knowledge  of  these  elementary  physiologic  facts  is  of  almost 
daily  application  in  hemorrhage.  The  influence  of  general  anesthesia, 
by  chloroform  or  ether,  as  well  as  of  the  great  surgical  infections,  is  most 
marked  in  its  weakening  effects  on  the  vasomotor  centers,  and,  there- 
fore, when  utilized  judiciously,  is  a  most  valuable  agency  in  obtaining 
postural  anemia  as  a  prophylactic  of  hemorrhage.  Elevation  of  a  bleed- 
ing part  is  not  only  a  valuable  hemostatic  in  preventing  but  also  in 
controlling  hemorrhage.  Elevation  of  the  head  and  trunk  has  a  most 
potent  influence  in  draining  the  blood  supply  away  from  these  parts. 
No  operating-table  is  complete  without  provision  for  the  "head-up" 
position.  In  cranial,  facial,  and  cervical  operations,  if  the  patient  is 
tilted  up  to  an  almost  upright  position,  a  relative  "gravity  anemia" 
will  be  obtained  proportional  to  the  degree  of  elevation  and  depth  of 
anesthesia.  In  this  way  the  blood  supply  to  the  brain  will  be  notably 
diminished  and  the  hemorrhage  from  the  elevated  parts  will  greatly 
lessen;  at  the  same  time  the  amount  of  anesthetic  required  will  be 
much  less  than  would  be  needed  in  a  horizontal  position. 

Prophylactic  hemostasis  is  also  advantageously  obtained  in  peine 
and  sacral  operations  by  elevating  the  pelvis  with  the  thighs  flexed  or 
by  the  extreme  Trendelenburg  or  Sims'  positions.    Senn  has  especially 
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demonstrated  its  value  in  extirpation  of  the  rectum  by  the  Kraske  or 
the  perineal  routes. 

Vertical  elevation  of  the  bleeding  part  will  often  quite  suffice  to 
control  bleeding  in  wounds  of  the  foot,  leg,  or  forearm.  The  benefits 
of  the  elevated  positions  can  be  supplemented  in  many  cases,  in  both 
the  upper  and  lower  extremities,  by  combining  pressure  with  flexion, 
which  offers  an  additional  impediment  to  the  peripheral  circulation. 
Thus,  the  leg  should  be  flexed  on  the  thigh  and  the  thigh  on  the  pelvis 
at  an  acute  angle.  In  the  upper  extremity,  by  extreme  extension  of 
the  arm  on  the  shoulder- joint  backward,  and  flexion  of  the  forearm  on 


c  d 

Fig.  64. — a,   Digital  compression  of  carotid  artery;   6,   subclavian  artery;   c,   brachial  artery; 
d,  femoral  artery.     (Marwedel.) 

the  arm,  the  bleeding  in  the  distal  areas  of  the  extremities  will  be 
practically  controlled.  In  severe  hemorrhages,  from  comparatively 
large  vessels  at  or  near  the  root  of  limb,  elevation  and  flexion  are  of 
little  value  and  must  yield  to  more  reliable  measures. 

Pressure. — Whether  directly  or  indirectly  applied  to  control  a  bleed- 
ing surface,  pressure  in  its  numerous  forms  of  application  is  the  most 
generally  available  and  efficient  agent  for  the  control  of  hemorrhage. 
As  a  mechanical  principle  it  is  the  basis  of  digital  or  manual  compres- 
sion, of  the  elastic  bandage,  the  constrictor,  or  the  tourniquet;  the 
tampon  or  pack,  forcipressure,  angiotripsy,  acupressure,  the  ligature, 
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and  the  suture;  therefore,  as  a  fundamental  method,  it  rightly  stands 
first. 

Bleeding  from  a  wound,  whether  arterial,  venous,  or  capillary,  may 
be  promptly  controlled  by  immediate  compression,  exercised  with  the 
fingers  inserted  in  the  wound  and  directly  against  the  bleeding  point. 
Direct  digital  compression,  which  is  the  simplest,  quickest,  and  most 
certain  of  the  provisional  hemostatics  in  all  accessible  wounds,  oan  be 
replaced  by  compression  of  the  afferent  artery  which  supplies  the  region 
involved  in  the  hemorrhage.  Thus,  in  wounds  of  the  neck  the  common 
carotid  may  be  controlled  by  energetic  pressure  on  the  vertebral  column 
opposite  the  transverse  process  of  the  sixth  cervical  vertebra  (Chas- 

saignac's  tubercle),  by 
forcing  the  tips  of  the 
fingers  on  the  artery  at 
this  point  to  the  inner 
side  of  the  sternomastoid 
muscle  (Fig.  64,  a).  The 
subclavian  can  be  com- 
pressed, in  subjects  that 
are  not  too  stout,  in  the 
third  part  of  its  course 
by  forcing  the  thumb 
vigorously  on  the  artery 
as  it  rests  on  the  first  rib 
behind  the  clavicle,  while 
the  palm  of  the  free  hand 
of  the  operator  forces 
down  the  corresponding 
shoulder.  At  the  same 
time  the  sternomastoid 
is  relaxed  by  turning  the 
patient's  face  away  to- 
ward the  opposite  side 
of  the  injury  (Fig.  64,  6). 
The  brachial  can  be  con- 
trolled by  pressure  in  the 
upper  arm  (Fig.  64,  c). 

The  common  femoral 
is  most  superficial  under 
Poupart's  ligament,  where  it  can  be  readily  compressed  by  the  fingers, 
which  jam  it  back  upon  the  pubic  ramus  directly  in  the  groin  (Fig.  64,  d). 
It  was  at  one  time  recommended  that  the  common  and  internal  iliac 
arteries  be  compressed  for  prophylactic  hemostasis  by  the  fingers  after 
the  hand  has  been  introduced  into  the  rectum  (Woodbury)  or  with  a 
lever  (Davey);  but  these  methods  were  so  unsurgical,  unsatisfactory, 
and  unreliable  that  they  promptly  yielded  in  the  aseptic  period  to  the 
method  of  intraperitoneal  compression  of  the  artery  with  the  fingers 
(McBurney,  1897;  Battle,  1898)  or  with  provisional  clamps  or  traction 


Fio.  65. — Macewen's  Method  for  Compression  of  the 
Abdominal  Aorta.     (Keen  and  White.) 
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loops  whenever  digital  compression  is  indicated  for  the  control  of  hem- 
orrhage in  the  territories  supplied  by  the  iliac  arteries. 

Compression  of  the  aorta  by  Macewen's  method  is  applied  by  throw- 
ing the  weight  of  the  body  on  the  abdominal  aorta,  as  it  rests  upon  the 
vertebral  column,  through  the  closed  right  fist  of  the  operator  placed 
a  little  to  the  left  of  the  middle  line,  the  knuckles  of  the  index-finger  just 
touching  the  upper  border  of  the  umbilicus  (Fig.  65).  Only  enough 
pressure  is  required  to  stop  the  femoral  pulsation  at  the  groin.  This 
method  is  only  applicable  to  very  thin  patients  with  relaxed  abdominal 
walls  or  aided  by  general  anesthesia.     It  is  often  unreliable. 

Momburg' s  Method  of  Obtaining  Ischemia  of  the  Lower  or  Infra-um- 
bilical Half  of  the  Body  by  Circular  Elastic  Constriction. — In  June,  1908, 
Momburg,  of  Spandau,  described  a  simple  method  of  performing 
bloodless  operations  on  the  pelvis,  hip,  and  lower  limbs  by  an  elastic 
circular  (mediate)  constriction  of  the  abdominal  aorta.  His  technic  is 
very  simple.  The  waist  of  the  patient  is  encircled  by  a  heavy  rubber 
tube  placed  midway  between  the  costal  arch  and  the  iliac  crests.  The 
rubber  tube  should  be  as  thick  as  the  finger,  should  be  stretched  to 
the  utmost  limit  of  extensibility,  and  wound  around  the  trunk  from 
two  to  four  times  until  all  pulsations  are  arrested  on  the  femoral  arte- 
ries at  Poupart's  ligament.  The  constriction  should  be  applied  after 
the  patient  is  completely  relaxed  by  a  general  anesthetic.  To  obtain 
ischemia  of  the  pelvic  regions,  Momburg  advises  that  a  preliminary 
anemia  of  the  lower  extremities  be  obtained  by  applying  the  Esmarch 
bandage  from  the  toes  to  the  groin.  Then  the  abdominal  constrictor 
is  applied,  the  Esmarch  bandages  are  removed,  and  the  limb  allowed 
to  hang  from  the  edge  of  the  table,  so  that  the  pelvic  blood  that 
remains  may  gravitate  to  the  extremities.  The  blood  thus  displaced 
is  retained  in  the  limbs  by  applying  an  elastic  constrictor  at  the  root 
of  each.  The  bowels  should  be  well  emptied  before  the  operation. 
This  method  of  abdominal  constriction  has  been  kept  up  for  forty- 
five  minutes  and  over  without  ill  effects  on  the  intestines.  Apart 
from  a  temporary  rise  in  the  blood- pressure  and  pulse,  while  the  con- 
strictor is  in  situ,  and  a  fall  in  the  blood-pressure  when  it  is  removed, 
no  untoward  ill  effects  attributable  to  the  method  have  followed.  It 
is  especially  adapted  to  operations  in  thin,  relaxed,  weak  subjects. 
In  9  cases  recently  reported  by  Willems  the  method  has  proved 
reliable  and  satisfactory. 

In  all  cases  where  digital  compression  is  applied  to  the  larger  vas- 
cular trunks,  the  efficiency  of  the  compression  is  tested  by  the  arrest 
of  pulsation  in  the  artery  immediately  below  the  point  of  pressure 
or  by  the  cessation  of  hemorrhage  in  the  wound. 

Circular  constriction,  directly  over  a  pad  of  aseptic  gauze 
packed  into  the  wound,  is  of  all  the  methods  of  hemostasis  by 
far  the  most  certain  and  of  more  general  application,  either  as  a  pre- 
liminary to  operation  or  in  accidents  while  transporting  the  wounded 
or  waiting  for  more  definite  surgical  action.  When  an  elastic  bandage 
is  not  at  hand,  a  tourniquet  can  be  extemporized  (as  taught  in  all  "  First 
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Aid  Manuals")  by  encircling  the  limb  with  a  cord,  rope,  strap, suspender, 
or  strip  of  cloth  torn  off  from  the  patient's  shirt,  bed-sheet,  etc.,  the 
ends  being  knotted  over  a  club,  walking  stick,  sword,  knife,  bayonet, 
umbrella,  etc.,  the  encircling  band  being  tightened  by  turning  the 
stick  on  the  principle  of  a  Spanish  windlass  until  the  bleeding  stops. 
More  efficient  still  in  emergencies  is  to  wind  a  piece  of  elastic  tubing, 
rubber  gas-pipe,  or  tube  of  a  fountain  syringe  several  times  around  the 
limb  on  the  proximal  side,  stretching  the  tubing  as  each  turn  is 
made,  and  finally  tying  or  clamping  the  ends  so  that  these  cannot 
slip.  In  military  practice,  the  first-aid  package  furnished  to  every 
soldier  in  civilized  countries  provides  the  necessary  materials  for  a  ster- 
ile hemostatic  pack  or  compress,  the  soldier's  strap  being  utilized  as  a 
tourniquet.  The  Esmarch  bandage  is  preferable  to  all  these  makeshift 
contrivances,  because  the  pressure  exerted  by  it  is  more  uniform  and 
extends  over  a  large  surface.  In  surgical  practice  the  Esmarch  elastic 
constrictor  or  its  derivatives  have  entirely  supplanted  the  numerous 
special  tourniquets  and  mechanic  contrivances  which  still  figure  in  the 
older  surgeries  and  in  the  instrument-makers7  catalogues. 

The  Esmarch  Method. — This  consists  in  the  application  over  the 
limb  of  an  aseptic  elastic  rubber  bandage  after  the  limb  has  been  steril- 
ized and  covered  with  a  soft  towel  wet  with  bichlorid  (1:  1000)  or  car- 
bolated  (2J  per  cent.)  solution,  which  is  wrapped  around  the  affected 
limb.  The  elastic  bandage  is  applied  tightly,  from  below  upward,  in 
an  even  spiral  (without  reversing),  and  is  carried  as  high  as  is  desired. 
The  blood  is  all  driven  out  of  the  vessel  as  the  bandage  is  adjusted. 
Immediately  above  the  upper  terminus  of  this  elastic  roller  a  rubber 
band  or  hollow  elastic  tube  is  wound  several  times  around  the  limb  with 
sufficient  contracting  force  to  arrest  entirely  all  arterial  pulsation  below. 
The  constrictor  is  then  held  in  place  by  tying  it  or  by  a  clamp.  After 
the  constricting  bandage  is  secured,  the  elastic  roller  is  removed  and 
the  limb  below  the  constriction  shows  a  characteristic  pallor  which 
markedly  contrasts  with  the  healthy  ruddiness  of  the  parts  above. 
The  operation  can  then  be  performed  precisely  as  upon  a  cadaver,  and 
is  absolutely  bloodless. 

In  applying  the  elastic  constrictor  or  tourniquet  at  the  root  of  the  limb  the  follow- 
ing precautions  should  be  observed:  (1)  Never  apply  the  constrictor  over  the  leg 
or  forearm,  as  the  interosseous  vessels  are  protected  from  pressure  by  the  two  bones 
of  these  regions,  and  hemostasis  must  be  imperfect.  Always  apply  the  elastic  tour- 
niquet over  the  femoral  or  humeral  shafts,  or  at  such  points  that  no  vessel  can  es- 
cape a  circumferential  compression;  thus,  in  the  lower  third  of  the  femur  just  above 
the  condyles  the  rigid  abductor  magnus  tendon  may  interfere  with  the  complete 
compression  of  the  femoral.  (2)  In  applying  the  elastic  tourniquet  begin  by  com- 
pressing the  vascular  or  adductor  side,  leaving  the  outer  or  extensor  surface  of  the 
limb  free  from  pressure,  so  that  venous  choking  of  the  limb  may  be  avoided.  This 
precaution  is  especially  important  when  the  limb  is  drained  of  blood  by  eleva- 
tion. (3)  While  encircling  the  elastic  band,  it  is  necessary  to  avoid  repeated  con- 
striction on  the  same  level  (linear  constriction),  as  an  exaggerated  concentric  com- 
pression, in  thin  subjects  especially,  may  permanently  paralyze  the  extremity  by 
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crushing  the  underlying  nerve-trunks  and  vessels.  Therefore,  separate  each  turn  of 
the  rubber  by  an  intervening  space,  so  as  to  distribute  the  pressure.  (4)  Do  not  allow 
the  constricted  member  to  be  suddenly  flexed  or  extended  after  the  constrictor  is  in 
place,  for  fear  of  tearing  subcutaneously  the  underlying  muscles  and  nerves.  (5) 
Do  not  keep  the  constrictor  in  place  much  longer  than  an  hour  or  an  hour  and  a  half, 
because  sloughing  from  prolonged  arterial  fasting  and  coagulation  necrosis  of  the 
muscle  in  the  distal  parts  may  take  place,  causing  the  very  serious  deformity  known 
as  Volkmann's  contracture;  or  the  flaps,  in  aged  or  weakened  subjects,  may  slough. 
This  is  especially  true  of  operations  performed  with  local  or  regional  anesthesia,  in 
which  the  constrictor  is  likely  to  be  retained  longer  for  anesthetic  purposes. 


Fig.  66. — Proper  Method  of  Applying  the  Elastic  Constrictor.     (Senn.) 

The  length  of  time  the  constrictor  may  be  allowed  to  remain  in  place  without 
danger  or  damage  to  the  tissues  is  quite  variable.  Half  an  hour's  constriction  in 
some  cases  (very  much  inflamed  and  infected  limbs,  and  in  arteriosclerotic  sub- 
jects, diabetic  gangrene,  and  other  conditions  in  which  the  arterial  supply  has 
been  long  impeded  by  vascular  disease)  may  end  in  gangrene  of  the  peripheral 
parts.  In  others,  simple  aseptic  necrosis  of  muscular  bundles  will  take  place, 
leading  to  final  contracture  and  rigidity  of  the  extremity.  In  fairly  healthy 
robust  subjects  an  hour  or  even  longer  (Esmarch,  two  and  one-half  hours)  is  per- 
missible, but  it  should  be  remembered  that  every  additional  hour  after  the  first 
adds  to  the  risk  of  permanent  damage  to  the  extremity  from  protracted  anemia. 
It  has  been  objected  with  good  reasons  that  the  ischemia  of  a  limb  obtained  by  forcible 
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elastic  compression  (Esmarch's  method)  is  likely  to  be  followed  by  (1)  Excessive 
capillary  oozing,  requiring  an  undue  manipulation  and  irritation  of  the  injured  tissues 
to  control  it,  as  well  as  the  ligature  of  many  more  vessels  than  usual.  This  is  due  to 
vasomotor  paresis  of  the  compressed  area  and  can  be  corrected  by  the  stimulus  of 
very  hot  water  applied  to  the  cut  surface  and  by  stroking  or  superficial  massage  of 
the  limb.  (2)  It  increases  the  risk  of  septic  embolism  and  of  cancerous  metastasis 
by  forcing  particles  from  the  diseased  area  into  the  venous  and  lymphatic  circula- 
tion. (3)  It  greatly  favors  the  absorption  of  toxic  chemical  antiseptics  (Wdlfler's 
experiments).     (4)  It  increases  the  liability  to  ischemic  necrosis. 

Gravity  Ischemia  with  Elastic  Constriction. — These  objections 
have  led  to  the  application  of  theEsmarch  rubber  tourniquet  alone,  which 
secures  satisfactory  ischemia  without  the  preliminary  elastic  compres- 
sion of  the  entire  limb.  Instead  of  applying  the  elastic  bandage,  the 
limb  is  elevated  and  held  up  as  near  the  perpendicular  as  possible,  so 
that  the  blood  is  drained  out  by  gravity  (Fig.  66).  While  the  limb 
is  being  held  up  it  is  stroked  vigorously  from  the  tip  of  the  extremity 
(fingers  or  toes)  to  the  trunk;  this  process  ("milking"  the  limb)  is  fol- 
lowed by  the  application  of  the  elastic  constrictor  at  the  root  of  the  ex- 


Fig.  67. — Showing  Application  ok  Elastic  Constrictor  to  the  Hip.     (Marwedel.) 

tremity,  when  it  is  evident  by  the  pallor  of  the  skin  that  it  is  sufficiently 
exsanguinated.  This  method  is  very  efficient  and,  owing  to  its  freedom 
from  the  objections  urged  against  elastic  compression,  is  always  to  be 
preferred  in  debilitated  subjects  of  low  vitality  and  with  impaired  per- 
ipheral circulation. 

Sequestration  Anemia. — With  the  same  object  in  view,  Dawbarn,  of  New  York, 
has  recently  suggested  what  he  appropriately  designates  as  "  sequestration  anemia," 
by  which  a  part  of  the  blood  mass  is  retained  in  the  extremities  in  sufficient  quantity 
to  diminish  the  general  blood-pressure  at  will.  "  Experience  shows  that  we  can,  with 
entire  safety,  withdraw  into  the  limbs  some  quarts  of  the  whole  bulk  of  blood  which 
constitutes  one-thirteenth  of  the  individual  weight.  We  can  'sequestrate'  before 
operation  and  retain  in  the  limbs,  by  cordage,  enough  to  make  a  striking  difference  in 
loss  of  blood  in  the  operative  field."  Dawbarn's  technie  is  as  follows:  "A  towel 
folded  lengthwise  is  wrapped  about  each  thigh  very  close  to  the  trunk,  and  upon  it 
the  rubber  constrictor  is  tightened.     The  degree  of  tightness  is  quickly  learned  by 
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practice.  It  must  nearly  stop  the  venous,  but  not  the  arterial,  current.  Quickly 
the  limb  distal  to  the  tourniquet  grows  dusky  in  color  and  there  is  obvious  swelling 
also.  After  some  five  to  ten  minutes  the  softened  pulse  will  indicate  that  we  are 
ready  to  proceed  with  the  operation. ' "  The  claims  made  for  sequestration  anemia 
are:  "That  it  markedly  lessens  hemorrhage  in  operations  on  the  head  and  neck; 
lessens  the  time  of  operations  because  of  diminished  bleeding;  greatly  diminishes 
the  amount  of  anesthetic  taken  because  of  the  anemia  of  the  brain." 

The  aseptic  and  antiseptic  tampon  is  a  provisional  and  often 
permanent  hemostatic  procedure  of  frequent  application  in  surgical 
practice.  It  consists  in  packing  the  bleeding  wounds  of  cavities  which 
are  not  readily  amenable  to  the  ordinary  means  of  vascular  control 
with  pieces  or  strips  of  sterile  or  antiseptic  gauze,  which  are  systemat- 
ically packed  and  made  to  fit  every  irregularity  of  the  wound  or 
cavity,  the  finger  or  forceps  being  used  for  this  purpose.  After  the 
packing  is  done  and  the  bleeding  arrested,  the  pack  may  be  held  in 
place  by  a  provisional  suture  in  the  lips  of  the  wound,  leaving  a  ter- 
minal end  projecting  beyond  the  wound  to  facilitate  its  extraction. 
The  nasal  tampon  forepistaxis;  uterine  tampon  for  metrorrhagia;  the 
Mikulicz  tampon  in  the  abdomen  and  pelvis  to  check  the  oozing  follow- 
ing torn  adhesions;  packing  of  the  bladder  with  an  inverted  " um- 
brella pack"  of  gauze  after  suprapubic  prostatectomy;  the  hemostatic 
pack  of  the  cranial  sinuses;  the  compression  of  the  lung  by  an  intra- 
pleural pack  in  wounds  of  the  chest  (DaCosta),  and  of  the  pelvic  and 
abdominal  organs,  when  copious  capillary  or  parenchymatous  hemor- 
rhages cannot  be  controlled  by  direct  ligature  or  suture  methods,  are  all 
illustrations  of  the  provisional  and  permanent  application  of  this  ex- 
cellent procedure  in  surgery. 

Heat,  in  the  form  of  hot  and  boiling  water,  the  actual  cautery, 
galvanocautery,  and  steam,  is  a  most  valuable  hemostatic  agent. 

At  present  it  is  only  used  as  a  destructive  agent  or  caustic  in  the 
removal  of  small  growths,  in  controlling  parenchymatous  and  capillary 
bleeding,  in  visceral  wounds,  or  in  tissues  in  which  the  raw  surface  is 
likely  to  remain  exposed  to  infection.  In  this  way  the  Paquelin  cautery 
and  galvanocautery  are  still  largely  used  in  nasal,  laryngeal,  dermato- 
logic,  and  rectal  practice.  In  combination  with  the  crushing  of  the 
tissues,  vascular  pedicles  of  tumors,  hollow  organs,  etc.,  its  use  is 
exhibited  in  the  Downes'  galvanocautery  clamps  (Fig.  35).  By  crush- 
ing and  burning  the  tissues  of  a  pedicle  the  mass  to  be  divided  is  not 
only  sterilized,  but  is  reduced  to  a  fine  thin  membrane  which  is  easily 
secured  by  a  small  ligature,  thus  eliminating  the  heavy  massive  liga- 
tures of  the  past.  The  object  of  the  cautery  in  arresting  hemorrhage 
is  to  make  an  eschar  deep  and  strong  enough  to  resist  the  blood- 
pressure.  To  accomplish  this  it  must  be  used  at  a  dull-red  heat 
(cherry  red),  which  penetrates  and  cooks  the  tissues  slowly  and 
thoroughly.  The  eschar  once  formed,  must  not  be  disturbed,  as  its 
premature  removal  is  sure  to  be  followed  by  hemorrhage,  especially  in 
the  parts  subjected  to  much  disturbance  or  motion,  as  in  the  rectum 
(hemorrhoidal  area)."  It  cannot  be  relied  upon  in  hemophilic  subjects, 
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or  whenever  vessels  of  any  importance  are  involved  in  the  cauterized 
areas,  because  secondary  hemorrhage  is  likely  to  follow  after  the  fall 
of  the  eschar.  Wounds  treated  by  this  form  of  cauterization  necessarily 
heal  by  granulation. 

Hot  water,  if  below  the  boiling-point,  not  too  hot  for  the  naked 
hand  to  bear  without  scalding,  acts  by  stimulating  the  unstriated  mus- 
cular fibers  of  the  blood-vessels  to  contraction.  The  hemostatic  effect 
is  increased  by  pouring  hot  saline  solution,  in  a  large  stream  from  a 
pitcher,  at  some  height  over  the  surface  of  the  wound. 

The  value  of  heat  in  the  form  of  hot  saline  solution  introduced  by 
intravenous  infusion  to  stimulate  a  flagging  heart  is  universally 
recognized.  For  controlling  arterial  and  capillary  cerebral  hemor- 
rhage Victor  Horsley  relies  on  hot-water  irrigation  at  a  temperature 
which  should  not  exceed  115°  F.  nor  fall  below  110°  F.  He  fears 
that  if  120°  F.  be  used,  heat  coagulation  of  the  cut  surface  of  the 
brain  will  result.  Dawbarn  has  found  that  nerves  are  not  especially 
affected  by  a  few  seconds'  contact  with  boiling  water.  Dawbarn  is 
most  emphatic  in  his  recommendation  of  boiling  water — not  merely  hot, 
but  water  at  212°  F.  After  operations  in  which  much  capillary  oozing 
is  feared,  before  relaxing  the  constrictor  he  covers  the  field  with  gauze 
sponges  wrung  dry  with  a  rubber-gloved  hand  out  of  actually  boiling 
water  brought  at  the  moment  to  the  operating  table.  "  No  one  need  fear 
ill  results  to  even  the  most  delicate  tissues  of  the  human  body  from  a  few 
seconds'  application  of  gauze  at  this  degree  of  heat — the  brain  perhaps 
excepted — and  in  consequence,  not  only  is  bleeding  prevented,  but  the 
entire  raw  surface  turns  white  from  coagulated  albumin,  sterilizing  it  as 
it  was  not  sterile  before."  On  the  other  hand,  it  is  evident  that  a 
degree  of  heat  applied  to  a  raw  surface  sufficient  to  coagulate  the  pro- 
toplasm of  the  tissues  must  necessarily  impair  the  resistance  to  infec- 
tion, so  that  if  this  occurs,  as  is  inevitable  on  large  surfaces,  the  chances 
of  primary  union  may  be  greatly  impaired.  Hot  water,  not  boiling, 
will,  however,  produce  no  necrogenic  effects  and  will  accomplish  practi- 
cally as  much  good  if  combined  with  firm  pressure  over  the  dressings 
in  arresting  capillary  oozing. 

Atmokausis. — This  name  is  applied  to  a  procedure  consisting  in 
the  spraying  of  steam  upon  the  bleeding  surface.  It  was  introduced 
by  Snegireff,  in  1886,  for  the  management  of  parenchymatous  hemor- 
rhages. It  has  been  especially  used  in  gynecology.  The  occurrence 
of  deplorable  accidents,  excessive  sloughing,  from  inability  to  regulate 
the  depth  of  penetration,  have  circumscribed  its  application  to  special 
practice.  During  the  performance  of  atmokausis,  steam  is  given  free 
access  to  the  uterine  mucosa  through  a  fenestrated  catheter.  When 
this  tube  is  not  perforated,  it  becomes  heated  by  the  steam  circulating 
within  it,  and  serves  for  contact  cauterization  or  zestokausis.  The 
terms  atmokausis  (atmos,  steam,  kausis,  burning)  and  zestokausis 
(zeMos,  to  boil)  were  introduced  by  Pincus. 

Cold. — The  application  of  cold  as  a  hemostatic  is  much  more  re- 
stricted than  that  of  heat.    Cold  in  any  form  has  the  same  effect  on  the 


TREATMENT  OF  HEMORRHAGE.  195 

blood-vessels  as  its  counterpart,  heat,  that  is,  it  produces  contraction 
of  the  blood-vessels.  Cold  is  employed  in  the  form  of  ice,  ice-bags, 
cold  water,  and  vaporizing  sprays  of  ether  and  ethyl  chlorid.  Ethyl 
chlorid  spray  to  freeze  a  tooth-socket  has  been  used  with  benefit  in 
arresting  obstinate  hemorrhage  after  extraction.  After  clearing  out 
the  blood-clot,  the  socket  is  frozen  and  cotton  soaked  in  gelatin- 
adrenalin  solution  or  iodoform  gauze  dipped  in  the  same  solution, 
or  10  per  cent,  antipyrin  solution  (DaCosta)  applied.  Cold  is  contra- 
indicated  in  cases  of  hemorrhage  complicated  by  shock  and  should  be 
avoided  in  acute  anemia  with  subnormal  temperature. 

Bibliography. 

Senn,  N.:  Practical  Surgery,  Saunders,  Phila.,  1901.  Conservative  Surgery  on 
the  Battle-field,  Jour.  Assoc.  Mil.  Surgeons,  etc.,  vol.  v.,  1895. 

Godfrey,  G.  C.  M.:  Jour.  Assoc.  Mil.  Surgeons,  vol.  ix.,  1900. 

Matas,  R.:  Park's  Surgery  by  American  Authors,  Chap,  xv.,  vol.  iii.,  1896. 

Fisher,  F.:  Deutsch.  Chirurg.,  Lief  24a,  1901. 

Daw  barn,  R.  H.:  Sequestration  Anemia,  Annals  of  Surgery,  February,  1907. 

Lejars,  F.:  International  Clinics,  Phila.,  1905. 

Lexer,  E.:  Lehrbuch  d.  allgemeine  Chir.,  Bd.  i.,  1904. 

Snegireff:  Der  Dampf  als  Blutstill.  Mittel,  Deutsch.  med.  Woch.,  No.  38,  1894. 

Momburz:  Zentral.  f.  Chirur.,  Nos.  22  and  41,  1908. 

Pincus:  Therapeut.  Verwert.  heiss.  Wasserdampf  in  Gynecol.  Centralb.  f.  Gyn., 
11,  1895.  (Apparatus  for  Atmokausis,  Illustrations  in  Encycl.  Jahrb.  der  ges. 
Heilk.  N.  F.,  1,  1903.     Fig.  5,  p.  76.) 

Willems:  Bull,  et  M6m.  Soctete  Chir.,  Paris,  Tom.  xxxv.,  No.  2,  Jan.  19,  1909. 

TREATMENT  OF  HEMORRHAGE. 

The  three  fundamental  indications  to  be  observed  in  the  treatment 
of  hemorrhage  are:  (1)  Arrest  the  bleeding;  (2)  prevent  its  recurrence; 
(3)  aid  the  organism  in  recovering  from  the  effects  of  the  hemorrhage 
and  in  the  restoration  of  the  blood  to  its  normal  standard  of  efficiency. 

In  meeting  these  indications,  local  as  well  as  constitutional  measures 
will  be  required,  as  shown  in  the  previous  section. 

In  meeting  the  first  indication  the  bleeding  point,  if  at  all  accessible, 
should  be  at  once  sought,  exposed,  and  secured  by  forcipressure,  ligature, 
suture,  etc.     (See  Surgery  of  Arteries  and  Veins.) 

The  second  indication  is  met  by  adopting  a  careful  technic  and,  above 
all,  by  observing  a  very  rigorous  asepsis  in  the  management  of  the 
wound,  or  by  applying  such  measures  as  will  minimize  or  neutralize  any 
existing  infection.     The  third  indication  will  now  be  considered. 

Constitutional  or  Systemic  Treatment.— The  object  of  the  con- 
stitutional treatment  may  be  considered  from  three  points  of  view: 
(1)  As  an  aid  to  natural  or  spontaneous  hemostasis,  as  in  all  internal 
hemorrhages  in  inaccessible  organs  and  cavities  where  direct  surgical 
interference  is  impracticable  or  unjustifiable  (hemoptysis,  gastror- 
rhagia,  enterorrhagia,  and  typhoid  hemorrhage;  hemothorax  from  gun- 
shot wounds  of  the  chest,  etc.) ;  (2)  as  a  stimulating  or  restorative  treat- 
ment after  the  hemorrhage  has  been  arrested,  the  patient  still  being 
prostrated  from  the  immediate  collapse  and  shock;  (3)  after  the 
recovery  from  the  immediate  effects  of  vascular  depletion,  as  an  aid  in 
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the  regeneration  and  restoration  of  the  blood  to  its  normal  quantity 
and  quality. 

It  is  evident  enough  that  little  can  be  expected  from  general  treat- 
ment until  the  hemorrhage  has  been  permanently  arrested;  and  the 
administration  of  stimulants  and  restoratives  is  absolutely  contra- 
indicated  until  the  hemorrhage  is  under  control.  The  following  prin- 
ciples laid  down  by  Senn  clearly  voice  the  right  teachings  of  surgery: 
(1)  Any  treatment  calculated  to  increase  the  heart's  action  and  to 
intensify  the  vascular  pressure  must  be  carefully  avoided;  (2)  stimu- 
lation is  in  order  and  is  urgently  called  for  when  the  patient  is  much 
prostrated  from  the  loss  of  blood  and  further  bleeding  has  been  guarded 
against  by  effective  hemostasis;  (3)  in  surgical  cases  in  which  the  patient 
is  evidently  bleeding  to  death  and  is  almost  pulseless  from  circulatory 
collapse,  it  is  perfectly  in  accord  with  the  best  practice  to  proceed  with 
prompt  stimulation  (intravenous  saline  solution),  with  the  view  of 
reviving  the  patient  while  the  effort  is  being  made  to  secure  the  bleed- 
ing point.  In  non-surgical  hemorrhages,  where  no  intervention  is 
possible,  as  previously  stated,  stimulating  treatment  would  be  abso- 
lutely illogical  and  fatal. 

In  approaching  the  treatment  of  all  grave  hemorrhages  the  circum- 
stances in  which  they  occur  must  be  considered.  In  the  great  accidents 
of  life,  as  in  machinery  accidents,  stabs  and  gunshot  wounds,  personal 
encounters,  murderous  assaults,  etc.,  the  blood  loss  is  usually  associated 
with  nervous  shock,  and  it  is  difficult  if  not  impossible  to  separate  the 
two.  In  accidents  the  surgeon  must  immediately  arrest  the  hemor- 
rhage as  the  first  and  vital  indication.  After  this,  caution  and  delib- 
eration are  necessary.  There  should  be  no  undue  haste  in  moving  a 
wounded  man,  in  applying  dressings,  and  in  operating.  Absolute  immo- 
bility is  the  first  therapeutic  indication. 

Ordinarily,  patients  who  have  suffered  great  loss  of  blood  are 
found  lying  horizontally;  if  not,  they  should  be  laid  on  their  back,  with 
the  head  low,  with  the  feet  and  arms  raised  to  favor  the  flow  of  the  blood- 
stream to  the  brain  and  medulla,  where  it  is  most  needed  to  rouse  the 
vasomotor  centers  and  the  heart  to  activity. 

Autotransfusion. — The  "Nelaton  position,"  in  which  the  body 
is  inverted  with  the  head  low  down,  is  a  form  of  autotransfusion  by  which 
the  force  of  gravity  is  utilized  in  directing  the  blood  to  the  heart  and 
head.  A  certain  amount  of  autotransfusion  can  be  obtained  by  elevating 
the  foot  of  the  bed  so  as  to  incline  the  body,  with  the  head  down,  at  an 
angle  of  45  degrees  (a  reversed  Fowler  position).  By  Hunter's  method 
blood  is  forced  into  the  trunk  and  head  by  bandaging  the  extremities 
firmly  from  the  digits  to  the  root  of  the  limbs.  If  an  elastic  bandage  is 
at  hand,  each  extremity,  after  it  has  been  thus  exsanguinated,  can  be 
made  bloodless  and  the  blood  excluded  from  it  by  a  circular  con- 
strictor or  tourniquet  applied  to  the  root  of  the  limb.  In  this  manner, 
according  to  the  severity  of  the  symptoms,  one,  two,  or  all  of  the  extrem- 
ities are  excluded  from  the  circulation  long  enough  to  gain  sufficient 
time  for  the  application  of  the  more  permanent  therapeutic  measures. 
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In  the  operating-room  this  form  of  autotransfusion  can  be  applied  by 
the  use  of  Crile's  pneumatic  suit.     (See  Vol.  L,  p.  939.) 

In  accidents,  all  tight  clothing  should  be  removed,  especially  about 
the  neck  and  chest.  Fresh  air  is  instinctively  called  for;  therefore, 
every  impediment  to  the  admission  of  fresh  air  should  be  removed. 
Oxygen  is  indicated  in  all  acute  hemorrhagic  anemias  and  should  be 
freely  supplied.  Artificial  heat  to  the  extremities,  precordia,  and  head 
is  needed.  Woolen  blankets,  hot-water  bags,  hot  bottles,  hot  bricks, 
and  in  hospitals,  the  electrothermic  bed-pads  or  the  hot-water  pads 
(Goodrich)  are  most  useful.  These  external  measures  are  effectively 
assisted  by  hot  stimulating  solutions  injected  slowly  into  the  rectum — 
strong  black  coffee  being  especially  available  and  beneficial.  The 
formula  for  post-operative  shock,  acute  anemia,  or  exhaustion  usually 
prescribed  by  myself  is:  Black  coffee,  8  ounces;  panopepton,  1  ounce; 
brandy  or  whisky,  1  ounce;  tincture  of  digitalis,  15  minims;  laudanum, 
10  minims;  to  be  administered  slowly  and  repeated  every  two  hours  if 
the  case  still  calls  for  it.  Champagne,  whisky,  or  brandy,  which  are 
as  diffusible  by  rectum  as  by  stomach,  may  be  freely  given  by  enema, 
diluted  with  physiologic  salt  solution  or  combined  with  other  ingre- 
dients, when  for  any  reason  they  cannot  be  taken  by  the  normal  route. 

Medicinal  Agents. — Remedies  having  a  favorable  effect  in  rousing 
the  heart  and  improving  the  arterial  tension  (after  the  bleeding  has 
been  controlled)  are:  Strychnin  (nitrate  or  sulphate),  gr.  BV  to  Vtt; 
digitalin  (American),  gr.  -$■$  to  yV) )  digalen  (Cloetta),  hypodermically,  0.5 
to  1  c.c. ;  tinct.  of  digitalis,  standardized  and  fat  free,  10  to  20  min. ;  atropin, 
gr.  YoTir  to  rffo);  spartein,  gr.  J  to  1,  in  large  doses,  as  recently  recom- 
mended by  Stuart  McGuire;  fluidextract  of  ergot,  1  dram;  or  ergotin, 
gr.  1  to  2,  all  of  which  are  given  for  their  effect  upon  the  heart  muscle,  the 
blood-vessels,  or  the  brain,  with  the  view  of  increasing  the  strength  of  the 
heart  or  improving  the  blood-pressure  by  general  peripheral  contraction. 

Adrenalin,  in  the  form  of  a  solution  of  1 :  1000,  may  be  given  by  direct 
intravenous  injection  with  a  fine  needle  inserted  into  a  superficial  vein 
through  the  skin;  the  dose  is  from  5  to  20  minims.  It  is  often  given 
by  mouth  or  subcutaneously,  but  recent  investigations  (Dixon,  Jane- 
way,  Elliott)  show  that  it  is  rendered  inert  in  the  stomach  and  never 
reaches  the  circulation.  Under  the  skin  its  action  is  purely  local;  for 
this  reason  it  can  never  be  used  effectively  except  by  intravenous 
injecticn.  In  addition,  camphorated  oil  in  20-minim  doses,  frequently 
repeated,  and  caffein  benzoate  or  citrate  (gr.  1)  may  be  of  service. 

In  administering  these  various  circulatory  stimulants,  it  is  import- 
ant not  to  begin  by  giving  massive  or  maximum  doses,  but  to  ad- 
minister comparatively  small  doses  frequently  repeated.  In  the  ex- 
citement incident  to  a  great  hemorrhage  the  inexperienced  often  give 
massive  doses,  which  are  repeated  at  short  intervals  with  cumulative 
and  toxic  effect.  In  this  way  a  critical  situation  is  often  complicated 
by  powerful  drugs,  which  overwhelm  the  feeble  and  struggling  patient. 
On  the  other  hand,  the  judicious  administration  of  circulatory  stimu- 
lants is  undoubtedly  a  powerful  adjunct  to  other  means  of  treatment. 
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In  hospital  and  operating-room  practice,  when  frequent  stimulation 
is  required  to  strengthen  the  flagging  heart,  combinations  of  the  drugs 
mentioned  in  different  groups  are  given  alternately,  so  that  the  same 
drug  is  not  repeated  oftener  than  every  two  hours.  Thus,  a  hypodermic  of 
digalen,  20  min.;  strychnin,  gr.  ?V;  atropin,  gr.  ^Jt>;  nitroglycerin,  gr.  zhf) 
followed  in  one  hour  by  a  hypodermic  of  caffein,  gr.  1 ;  fluidextract  of 
ergot;  or,  preferably,  a  sterile  standardized  extract  of  ergot  (ergotele, 
ergone,  or  ergotin),  gr.  1,  given  by  needle.  In  the  next  hour,  spartein 
"Sulphate,  gr.  $,  is  given.  In  the  intervals  between  these  doses  hypo- 
dermics of  camphor  oil,  15  to  20  min.,  and  occasionally  (not  once  in 
my  own  practice)  hypodermic  injections  of  ether  and  dilute  alcohol. 
By  mouth,  champagne,  whisky  and  brandy  toddies,  and  black  coffee 
may  be  given.  In  all  cases  in  which  there  is  much  psychic  shock  or 
painful  injury  the  addition  of  £-J  grain  of  morphin  to  a  stimulating 
hypodermic  is  a  most  valuable  adjunct. 

But  above  all  these  drugs,  and  of  far  greater  importance,  is  the  free  ad- 
ministration of  water,  cold  or  hot,  or  of  cracked  ice.  If  the  patient  can 
swallow,  water  is  usually  taken  with  avidity.  Its  use  should  never 
be  restricted,  as  it  is  rapidly  absorbed  and  acts  as  a  normal  infusion  per 
vias  naturales,  helping  to  fill  the  depleted  vessels. 

In  the  very  grave  cases  of  collapse,  in  which  the  pulse  becomes  almost 
imperceptible  and  life  is  nearly  suspended,  no  time  should  be  lost  in 
resorting  to  the  most  powerful  of  all  life-saving  measures,  intravenous 
saline  solution. 

Saline  infusion,  with  the  sole  exception  of  direct  blood  trans- 
fusion, is  by  far  the  most  reliable  of  the  general  or  constitutional 
restoratives  in  the  treatment  of  hemorrhage.  Since  it  has  been 
ascertained  that  the  grave  phenomena  of  post-hemorrhagic  anemia,  and 
death  itself,  are  not  due  to  the  loss  of  corpuscular  elements,  but  to  the 
mechanic  disproportion  between  the  area  of  the  vascular  system  and 
its  content,  attempts  have  been  made  to  raise  the  lowered  intravascular 
tension  by  the  injection  of  variable  amounts  of  indifferent  fluids,  from 
plain  distilled  water  to  complex  imitations  of  the  normal  human  blood 
serum.  It  was  shown,  however,  that  plain  distilled  water  is  very  de- 
structive to  the  red  corpuscles,  which  it  swells  and  breaks  up  with  fatal 
consequences  (W.  Hunter,  Kronecker,  et  aL).  But  they  remain  un- 
injured if  a  certain  amount  of  salt  (sodium  chlorid)  is  added  to  the  water. 

The  normal  or,  more  correctly,  the  decinormal  salt  solution — 6  parts 
of  table  salt  per  100 — approximates  the  saline  strength  of  the  blood- 
serum.  In  practice,  this  means  about  a  heaping  teaspoonful  to  the 
quart  of  boiled  and  filtered  fluid,  or  §  of  a  dram  (40  grains)  to  a  pint 
of  sterile  water.  This  solution  is  "normal,"  not  in  the  chemic  sense 
of  the  term,  but  in  the  physiologic — i.  e.,  corresponding  with  the 
proportion  of  sodium  chlorid  in  the  blood  (isotonic).  Normal  saline 
solution  contains  enough  sodium  chlorid  to  prevent  hemolysis  of  the 
red  corpuscles,  namely,  0.6  to  0.7  per  cent.,  and  has  been  demonstrated 
to  be,  for  all  practical  purposes,  the  preferable  solution  (Carrion  and 
Hallion). 
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Various  modifications  of  the  normal  saline  solution  have  been 
proposed  and  tried,  among  which  Ringer's  and  Locke's  solution  deserve 
special  mention.  Ringer's  fluid  is  made  up  as  follows:  Potassium 
chlorid,  0.2  gm.;  sodium  bicarbonate,  0.2  gm.;  sodium  chlorid,  9  gm.; 
and  distilled  water  to  make  1  liter.  Locke's  fluid  (more  satisfactory 
in  its  effects)  has  the  following  formula:  Distilled  water,  1  liter;  sodium 
chlorid,  9 to  10  gm.;  calcium  chlorid,  0.20 gm.;  potassium  chlorid,  0.10  to 
0.20  gm.;  sodium  bicarbonate,  0.10  to  0.20  gm.;  glucose,  1  gm. 

The  saturation  of  saline  solution  with  oxygen  immediately  before 
its  introduction  into  the  circulation  by  the  intravenous  route  would 
appear  to  be  especially  indicated  in  all  grave  hemorrhagic  cases.  Kutt- 
ner's  solution  is  equivalent  approximately  to  20  c.c.  of  gas  to  every  1000 
c.c.  of  the  fluid. 

The  proper  temperature  for  the  infusion  fluid  is  as  hot  as  the  hand 
can  bear,  about  120°  F.  or  49°  C.  (Dawbarn)  in  the  container.  This 
temperature,  higher  than  usually  recommended,  is  very  stimulating  to 
the  flagging  heart  and  maintains  the  tone  of  the  muscular  tunic  of 
the  vessels. 

Larger  quantities  of  saline  solution  are  required  and  tolerated  by 
the  vascular  system  in  post-hemorrhagic  states  than  of  blood  itself  when 
this  is  used  in  transfusion.  The  total  blood  mass  has  even  been  tripled 
without  seriously  increasing  the  blood-pressure.  Dastre  and  Loye 
(1888),  in  their  early  experiments,  demonstrated  that  the  equivalent 
of  two-thirds  of  the  body-weight  of  the  animals  experimented  upon 
could  be  infused  (saline  solution)  into  the  circulation  without  ill 
effects.  Seven  pints  at  one  infusion  was  the  greatest  quantity  used  by 
Crile  and  Dolley. 

On  the  other  hand,  the  amount  of  fluid  that  can  be  infused  with 
benefit  is  necessarily  limited.  Dastre  and  Loye  demonstrated  in  1889 
that  when  isotonic  saline  solution  was  infused  in  quantities  greater  than 
the  kidneys  could  eliminate  that  the  fluid  transuded  out  of  the  vessels 
and  lodged  in  the  serous  spaces  and  large  splanchnic  cavities.  Albu 
(1891)  caused  edema  of  the  internal  organs  and  general  dropsy  by 
infusing  saline  solution  in  supersaturating  quantities.  Hallion  and 
Carrion  (1900)  and  others  have  shown  that  one-third  of  the  saline  fluid 
infused  finds  its  way  out  of  the  vessels  and  is  eliminated  by  the  kidneys, 
and  what  is  not  eliminated  is  stored  up  in  the  muscles,  connective-tissue 
spaces,  skin,  and  the  visceral  organs. 

Therefore,  the  quantity  of  saline  solution  to  be  infused  into  the  cir- 
culation must  be  regulated  or  determined  by  its  effects.  In  the  post- 
hemorrhagic collapse  from  acute  anemia,  1  or  2  pints  will  often 
suffice  to  restore  the  radial  pulse  from  a  scarcely  appreciable  throb  to 
its  normal  volume  and  frequency.  The  prognosis  is  graver  with  the 
increased  quantity  of  the  infusion  required  to  restore  the  pulse.  A 
pulse  that  is  not  improved  by  4  or  5  pints  will  usually  not  improve 
with  greater  quantities.  Direct  blood  transfusion  may,  however,  bring 
about  a  favorable  change  when  saline  solution  fails. 

Animal  experimentation  and  clinical  experience  have  recently  shown 
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that  the  more  complex  mineral  solutions,  such  as  Ringer's  and  Locke's 
fluid,  the  last  especially,  in  which  the  chemic  composition  of  the 
blood  is  more  closely  imitated,  are  jnore  effective  than  the  simple 
decinormal  salt  solution  in  preserving  the  vitality  of  the  blood-vessels, 
as  shown  by  the  adrenalin  reaction.  They  also  act  better  in  increasing 
the  coagulability  of  the  blood,  as  shown  by  Fleig.  Locke's  solution  is 
also  to  be  preferred  in  exhausted  states. 

In  administering  saline  infusion  intravenously  or  by  other  routes, 
stimulating  remedies  may  be  added  to  the  solution.  Adrenalin  is  especi- 
ally indicated  and  should  be  administered  by  the  method  of  Crile:  "  As 
soon  as  the  solution  begins  to  flow  in  the  vessel,  thrust  the  needle  of  a 
hypodermic  syringe  filled  with  adrenalin  chlorid  solution  (1  :  1000) 
through  the  rubber  tube  near  the  cannula,  and  during  about  one  minute 
inject  10  to  15  min.;  digalen  (Cloetta)  may  also  be  added  to  the  solu- 
tion in  some  cases  (1  to  2  cm.),  or  the  sterile  preparations  of  ergot 
(ergone,  ergotol,  1  to  2  drams  of  either),  as  these  may  advantageously 
reinforce  the  action  of  the  adrenalin,  which  is  fleeting,  owing  to  its  rapid 
oxidation  in  the  blood.  In  administering  saline  infusion  the  flow  may 
be  interrupted  occasionally  as  the  pulse  improves,  the  cannula  being  left 
in  the  vein  while  observing  the  condition  of  the  circulation. 

Great  care  should  be  exercised  in  avoiding  too  rapid  filling  of  the  vas- 
cular system  for  fear  of  dilating  and  paralyzing  the  right  heart.  It  is  best  to 
begin  gradually — 2  to  3  c.c.  per  minute  (Dastre  and  Loye,  Crile);  never 
faster  than  1  liter  in  ten  minutes  (Dawbarn)  or  1  liter  in  twenty  min- 
utes (Delbet-Veau).  The  condition  of  the  peripheral  veins  should  be 
watched  all  the  while  the  injection  is  proceeding,  as  it  is  from  the  venous 
side  that  the  first  warning  of  impeded  circulation  from  overdistention 
of  the  heart  will  be  given.  Crile's  admonition  on  this  point  is  of  great 
importance:  "In  acute  hemorrhage,  when  the  heart  muscle  itself  is 
functionally  impaired  by  the  diminished  flow  of  blood  through  the 
coronary  arteries,  if  the  amount  of  fluid  is  suddenly  increased  by  a 
rapidly  increasing  circulation,  the  heart's  work  is  so  rapidly  augmented 
in  the  presence  of  weakness  that  it  may  suddenly  suffer  an  acute  dila- 
tation and  immediate  paralysis  ending  in  death  may  follow."  Infusion 
is,  therefore,  contraindicated  in  all  cases  in  which  there  is  already  a 
dilatation  with  distention  of  the  right  heart  and  consequent  general 
venous  stasis.  This  is  recognized  clinically  by  a  turgidity  of  the  super- 
ficial veins  and  a  livid  discoloration  of  the  face  and  mucous  membranes, 
lips,  and  extremities.  "  When  the  pulse  shows  a  large  wave,  with  but  little 
resistance  and  a  markedly  slowed  rhythm,  great  caution  is  necessary." 
If  this  occurs,  stop  the  infusion  immediately,  prop  the  patient  up  on 
pillows  or  tilt  the  operating  table  so  as  to  have  the  head  up  and  the 
feet  down.  In  this  position  blood  will  gravitate  from  the  heart  and  large 
thoracic  veins  into  the  splanchnic  area  and  into  the  large  venous  trunks 
of  the  lower  extremities.  In  addition,  rapid  massage  of  the  heart  by 
rhythmic  compression  over  the  precordia  and  epigastrium,  combined 
with  artificial  respiration,  will  relieve  the  cardiac  embarrassment. 
After  the  cyanosis  has  subsided,  infusion  may  be  tentatively  and  very 
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gradually  resumed.  The  tendency  to  acute  dilatation  and  paralysis  of 
the  heart  is  much  less  frequent  in  hemorrhagic  collapse  than  in  shock, 
whether  this  be  due  to  accident  or  sepsis. 

Technic  of  Infusion. — As  formerly  employed,  the  radial  artery  was 
selected  and  the  stream  was  directed  toward  the  periphery  (Hueter's 
method).  Quite  recently  infusion  has  been  attempted  directly  into  the 
carotid,  toward  the  heart,  and  against  the  current,  with  the  object  of 
reaching  the  coronary  circle  and  thus  stimulate  the  myocardium  (Spina). 
Fluid  injected  in  this  manner  toward  the  heart  drives  before  it  the 
column  of  blood  contained  in  the  arteries,  so  that  the  sigmoid  aortic 
valves  are  closed  and  the  blood  is  forced  into  the  coronary  vessels.  As  a 
result,  the  heart  begins  again  to  beat,  and  the  animal  is  resuscitated. 
The  intra-arterial  injection 
of  Locke's  solution  or  arti- 
ficial serum  may  be  re- 
garded as  the  most  direct 
form  of  cardiac  stimulation 
by  the  circulatory  route. 
The  method  has  yielded 
favorable  results  in  labora- 
tory animals,  and  Zesas 
thinks  that  it  should  be 
tried  on  the  human  subject. 

Intravenous  Infusion. — 
The  method  of  infusion 
most  commonly  employed 
is  the  injection  of  hot  saline 
solution  into  a  superficial 
vein,  or  "intravenous  in- 
fusion," the  stream  being 
directed  toward  the  heart. 
Occasionally  a  vein  in  the 
operation  wound  may  be 
used. 

The  technic  of  intravenous  infusion  applies  to  any  superficial  acces- 
sible vein.  "  The  most  prominent  vein  at  the  bend  of  the  elbow  is  chosen. 
If  the  vein  be  prominently  marked,  incise  directly  over  and  parallel 
with  it.  If  not  marked,  incise  obliquely  or  transversely  across  the  known 
course  of  the  median  basilic  vein,  the  incision  running  parallel  with  the 
direction  of  the  bicipital  fascia.  Proceed  carefully  until  the  vein  is 
located.  Expose  from  2.5  to  4  cm.  (1  to  H  inches)  of  the  vein.  Pass 
two  catgut  ligatures  beneath  the  vein,  about  2.5  cm.  (1  inch)  apart, 
and  tie  the  distal  one  permanently.  With  a  pair  of  sharp-pointed  scissors, 
curved  on  the  flat,  an  oblique  incision  is  made  through  one-half  of  the 
vein,  between  the  two  ligatures,  the  apex  of  the  V  pointing  distally. 
Into  this  oblique  opening  into  the  vein,  the  cannula  (after  seeing  that  no 
air  is  in  the  instrument)  is  introduced,  and  the  proximal  ligature  is 
tightened  about  it  with  a  friction  knot.    Through  this  is  allowed  to  flow, 


Fig.  68. — Nozzle  Tied  in  Vein  at  Elbow.     (Dorsett.) 
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Fig.  69. — Mode  of  Snipping  Vein  to  Admit  Nozzle  op  Infusing  Tubb.     (Doreett.) 

by  static  pressure,  as  much  fluid  as  is  indicated  (generally  from  1  to  6 
pints).  The  cannula  is  then  withdrawn,  the  proximal  ligature  is  tight- 
ened and  tird  permanently,  and  the 
vein  is  completely  severed.  The 
wound  is  sutured,  or  closed  with 
adhesive  strips,  and  the  dressing 
applied"  (Bickham). 

Intravenous    infusion    finds    Eta 
application  :    (1)  In  a  very  severe 


Fig.  70. — Intravenous  Saline  Infusion.     (Fowler.) 


A.  The  lower  ligature  is  tied  and  the  upper  ligature  is  in  place  ready  for  tying.  The  valve- 
shaped  opening  in  the  vein  is  shown  ready  to  receive  the  cannula.  B.  Flask  containing  the  saline 
solution.  This  flask  is  an  ordinary  wash-bottle,  the  long  glass  tube  of  which  is  connected  to  the 
infusion  cannula  and  the  short  glass  tube  to  a  rubber  bulb  with  valves.  By  pumping  air  into  the 
flask  above  the  solution  the  latter  is  forced  into  the  veins. 
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acute  anemia,  after  major  operations,  injuries,  gastric  and  pulmonary 
hemorrhages,  extensive  hemorrhage  during  and  after  childbirth,  placenta 
praevia,  etc.  (2)  In  great  loss  of  fluid,  as  in  Asiatic  cholera.  (3)  For 
the  flushing  of  the  vascular  system  (Lavage  du  Sang),  in  acute  poisoning, 
auto-intoxication,  such  as  the  typhoid  state,  diabetic  coma,  puerperal 
fever,  eclampsia  gravidarum,  bubonic  plague,  uremia,  blood-poisoning 
following  venesection  ("Saignee  transfusion/7  Claisse).  (4)  For  resus- 
citation in  suspended  animation  (Locke's  solution  injected  into  the 
carotid  artery,  with  reversal  of  the  current).  (5)  In  chronic  postopera- 
tive anemia  and  for  artificial  nutrition  (Locke's  or  Lennander's  glucose 
saline  solution  or  sterile  isotonic  sea-water  ("Plasma  de  Quinton"). 
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Hypodermoclysis. — In  addition  to  the  intravascular  route,  saline 
infusion  may  be  given  subcutaneously,  intraperitoneally ,  or  by  the  rec- 
tum.    (For  Hypodermoclysis,  see  Vol.  I.,  p.  942,  Fig.  257.) 

Intraperitoneal  Infusion. — Infusion  directly  into  the  abdominal 
cavity,  or  intraperitoneal  infusion,  was  first  proposed  by  Ponfick,  in  1879. 
In  surgery  this  method  is  practised  by  pouring  hot  saline  solution 
directly  with  the  pitcher  into  the  peritoneal  cavity.  The  tendency  at 
the  present  time,  however,  is  toward  using  less  irrigation  of  the  peri- 
toneal cavity,  especially  in  septic  cases,  and  also  to  depend  more  upon 
rectal  infusion  (Murphy)  or  hypodermoclysis. 

Enteroclysis  is  more  simple  in  its  performance,  neither  assistance 
nor  sterilization  being  necessary.  The  rectal  administration  of  large 
quantities  of  salt  solution  has  been  generalized  by  the  distinguished 
advocacy  of  J.  B.  Murphy,  of  Chicago,  in  the  management  of  diffuse 
or  general  peritonitis.     (Vol.  III.,  p.  775,  Fig.  386.) 

Constitutional  Treatment  of  Internal  or  Non-surgical  Hemor- 
rhages.— In  the  internal  and  strictly  medical  hemorrhages  in  which 
there  is  no  access  to  the  bleeding  point  and  great  uncertainty  as  to  the 
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conditions  by  which  hemostasis  is  to  be  effected,  the  fundamental  prin- 
ciples of  treatment  should  be  to  aid  natural  hemostasis  by  all  measures 
calculated  to  insure  general  rest  and  diminish  functional  activity  of  the 
bleeding  part  or  organ;  to  diminish  the  blood-pressure  and  relax  the  cir- 
culation; to  favor  coagulation  at  the  bleeding  point 

Dixon  (London,  1906),  in  his  able  study  of  the  so-called  hemostatic 
effect  of  the  vasoconstricting  drugs,  finds  that  adrenalin,  digitalis,  and 
its  allies — ergot,  veratrin,  the  tannins,  barium,  and  lead — are  all  worse 
than  useless  for  nearly  all  internal  hemorrhages  of  the  brain,  lungs,  and 
even  the  liver.  "  Upon  what  drugs,  then,  can  the  physician  rely  in  these 
conditions?  In  dealing  with  internal  hemorrhages,  it  is  evident  that  it  is 
of  the  utmost  importance  to  prevent  any  stimulation  of  the  heart  or  vaso- 
motor constrictors,  either  of  which  may  be  produced  very  readily  reflexly 
by  any  mental  disturbance.  The  most  efficient  prophylactic  is  to  diminish 
all  sensory  reflexes  by  means  of  morphin.  Morphin  has  no  action  on  the 
heart  or  vessels  directly,  but  by  inducing  quietness,  placidity,  and 
desire  for  sleep,  it  prevents  sudden  movements,  excitement,  and  other 
effects  which  induce  cardiac,  acceleration  and  reflex  rise  of  blood-pressure. 
.  .  .  Experience  abundantly  confirms  this  view:  witness  the  effect  on 
patients  suffering  from  hemoptysis  and  hemothorax,  and  from  gunshot 
wound  in  the  chest.  After  dismissing  all  drugs  which  increase  the 
intravascular  tension  as  dangerous  and  useless,  we  still  have  drugs  which 
increase  the  coagulating  power  of  the  blood." 

Calcium  Chlorid. — Calcium  is,  par  excellence,  the  drug  for  this 
purpose,  and  should  be  given  subcutaneously.  One  or  two  grains 
administered  in  this  way  will  diminish  the  time  of  blood  coagulation 
of  a  healthy  man  to  about  one-half.  For  this  purpose  the  calcium 
chlorid  should  be  neutral  and  injected  deeply  into  the  tissues  of 
the  patient,  with  a  maximum  concentration  of  not  more  than  1  to  20 
parts,  so  that,  as  far  as  possible,  the  local  irritant  action  of  the  drug  may 
be  avoided  (Dixon).1  Plain  saline  solution  or,  preferably,  Locke's  solu- 
tion injected  intravenously,  also  favors  coagulation,  but  in  this  way  is 
much  more  valuable  in  preventing  the  recurrence  of  hemorrhage  than 
in  arresting  it  when  it  has  started,  as  it  increases  the  blood  tension. 

Gelatin. — The  accelerating  influence  of  intravenous  injections  of 
gelatin  upon  the  coagulation  of  the  blood  was  studied  by  Dastre  and 
Floresco  in  1896.  They  injected  a  5  per  cent,  solution  of  gelatin  into  the 
tibial  vein  of  a  dog,  and  found  the  time  of  blood  coagulation  taken 
from    the  tibial   artery  considerably  decreased.     As   a  constitutional 

1  Formulae  (Gaz.  des  Hdpitaux,  Paris,  August  13,  1907): 

H  •  Calc.  chlor.,  pure,  10  gm.;  chloroform  water  and  tinct.  of  orange-peel,  of  each, 
30  c.c;  simple  elixir  (U.  S.  P.)  or  distilled  water,  90  c.c,  or 

H .  Calc.  chlor.,  pure,  10  gm. ;  peppermint  syrup,  60  c.c. ;  distilled  water,  90  c.c,  or 

li.  Calcium  chlor.,  pure,  10  gm.;  syrup  bitter  orange-peel  and  Kirschwasser,  of 
each,  30  c.c,  simple  elixir,  40  c.c;  distilled  water,  50  c.c — Mix. 

One-half  ounce,  or  15  c.c,  of  each  one  of  the  above  mixtures  contains  1  gm. 
(15  grains)  of  calcium  chlorid.  A  standard  solution  of  calcium  chlorid,  10  gm.,  in 
distilled  water,  300  c.c,  may  be  kept  on  hand  for  ready  use.  Each  tablespoonful 
(15  c.c)  of  this  solution  contains  \  gram  of  calcium  chlorid.  This  is  best  adminis- 
tered with  milk,  either  by  mouth  or  by  enema. 
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hemostatic  it  is  used  in  the  form  of  sterilized  gelatin  (1  to  2  per  cent.) 
dissolved  in  physiologic  salt  solution;  100  to  200  c.c,  at  a  tempera- 
ture of  37°  C,  are  injected  daily  until  some  effect  is  observed.  Carnot's 
solution,  modified  by  Sailer,  is  to  be  preferred,  as  all  possible  risk  of 
contamination  with  the  tetanus  bacillus  is  eliminated. 

Carnot's  solution,  modified  by  Sailer:  "Take  5  gra.  of  common  salt,  1  liter  of  dis- 
tilled water,  100  gm.  of  gelatin.  Bring  the  water  to  80°  C,  and  slowly  stir  in  the  gelatin 
until  it  is  all  in  solution.  Remove  the  solution  from  the  stove,  cool  it  to  40°  C, 
and  add  to  it  the  white  of  an  egg,  stir  for  several  minutes,  and  then  put  the  flask 
on  the  stove  and  boil  the  fluid.  The  white  of  egg  coagulates  and  clears  the  fluid. 
Filter  through  gauze  and  then  through  paper.  Place  the  fluid  in  test-tubes, 
each  of  which  will  contain  10  c.c,  and  insert  a  cotton  plug  in  the  mouth  of  each  tube. 
Sterilize  by  putting  the  tubes  in  a  steam  sterilizer  fifteen  minutes  on  two  successive 
days.  When  you  wish  to  use  a  tube,  place  it  in  a  cup  of  hot  water  until  the  gelatin 
liquefies,  pour  the  gelatin  in  a  sterilized  glass,  and  draw  it  up  into  a  sterilized  syringe. 
When  kept  several  weeks  the  tubes  dry  out  (DaCosta). 

Stagnin,  stypticin  and  milk,  given  by  the  rectum  (1  to  2  pints  mixed 
with  a  little  salt),  have  all  been  used.  The  addition  of  calcium  chlorid, 
20  grains  to  1  pint,  increases  the  hemostatic  action  of  milk. 

Thyroid  extract  (internally)  as  a  means  of  shortening  the  coagula- 
tion time  of  the  blood,  especially  when  surgical  interference  is  required 
in  hemophilic  patients,  has  been  recommended  by  W.  J.  Taylor. 

Reconstructive  Measures. — Finally,  after  the  hemorrhage  has 
been  arrested  and  the  effects  of  the  mere  quantitative  loss  of  blood  have 
been  overcome,  the  qualitative  or  functional  loss  must  be  restored.  For 
this  purpose  the  essentials  are  a  liberal  dietary,  including  fresh  meats 
and  other  prbteids,  fresh  air  and  sunlight,  rest,  mental  and  physical, 
and  the  administration  of  some  ferruginous  preparation  as  an  adjunct, 
according  to  the  special  needs  of  the  patient. 
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Local  Hemostatics. — In  addition  to  the  preceding  remedies, 
we  find  a  group  of  local  remedies  which  act  topically,  through  their 
mechanical  action,  or  as  biologic  (vascular)  astringents  to  the  tissues, 
or  as  chemical  coagulants  and  caustics.  The  first  group  is  well  repre- 
sented by  Penghawar  Djambi,  the  wooly  hair  of  an  East  Indian  fern 
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(cibotium  cuminghi),  which  mats  with  the  tissues  after  the  wound  has 
been  lined  with  iodoform  gauze  and  packed  with  the  vegetable  hemo- 
static. Like  the  gauze  itself,  Penghawar  Djambi  acts  mechanically 
by  absorbing  the  wound  fluids  and  swelling  up  in  the  wound  cavity. 

Adrenalin. — The  type  of  the  biologic  tissue  astringents  is  adrenalin, 
which  is  employed  in  the  solution  of  1  :  1000  in  the  treatment  of  capil- 
lary bleeding  from  the  mucous  surfaces  of  the  ear,  nose,  and  throat  in 
operations  upon  these  regions.  The  local  application  of  adrenalin  is  fol- 
lowed by  a  vascular  contraction  of  the  capillaries  and  arterioles,  which  is 
not  invariably  permanent,  however,  and  may  be  replaced  by  hyperemia 
and  vascular  relaxation.  It  may  be  applied  to  the  wound  in  form  of  a 
powder  (5  to  10  gr.  of  the  extract),  but  preferably  as  a  compressor  pack 
saturated  with  a  1  :  1000  adrenalin  solution. 

Gelatin. — The  group  of  local  coagulating  agents  includes  chemically 
pure  gelatin,  which  is  used  locally,  dissolved  in  physiologic  salt  solution. 
A  solution  of  5  to  10  per  cent,  is  heated  to  about  40°  to  60°  C,  and  applied 
to  the  bleeding  wound  by  means  of  a  gauze  compress.  The  danger  of 
tetanus  infection  should  make  the  operator  particularly  careful  to  see 
that  the  gelatin  is  absolutely  sterile.    (See  Setter's  Method.) 

The  general  advantages  of  gelatin  treatment  consist  in:  (1)  Its 
action  in  favoring  coagulation;  (2)  its  behavior  toward  the  nutrition 
of  the  cells,  assisting  the  organization  of  the  thrombus;  (3)  its  harm- 
lessness  provided  the  necessary  precautions  are  adopted  to  secure  its 
sterility;  (4)  the  readiness  with  which  it  can  be  procured. 

Chemic  Styptics. — As  a  whole,  the  mechanic  coagulants  and 
caustic  agents  are  unsurgical  in  the  sense  that  they  disturb,  sometimes 
absolutely  interfere  with,  the  process  of  repair  in  the  wound.  This 
is  especially  true  of  the  caustic  styptics,  of  which  the  best-known 
preparations  are  the  iron  salts,  all  of  which  are  to  be  absolutely 
proscribed  in  modern  wound  treatment.  On  the  other  hand,  there 
are  a  number  of  agents  which  are  not  destructive  to  the  tissues,  and  are 
at  times  of  the  greatest  utility  in  controlling  persistent  parenchymatous 
hemorrhages  in  inaccessible  cavities.  Of  this  class,  perhaps  the  most 
efficient  is  gelatin  solution  with  adrenalin,  combined  in  normal  saline, 
used  as  a  pack  in  oozing  hemorrhages.  Other  conditions,  especially 
bleeding  ulcers  in  malignant  neoplasms  (e.  g.,  uterine  cancer),  are 
more  effectively  treated  by  packing  them  with  sachets  of  less  solu- 
ble local  astringents  and  hemostatics,  either  alone  or  in  com- 
bination, as,  for  instance,  a  mixture  of  tannin  and  antipyrin,  equal  parts 
(R.  Park).  Antipyrin  combines  the  properties  of  a  local  hemostatic 
with  those  of  an  antiseptic  agent.  A  gauze  bandage  wrung  out  of  a  5 
per  cent,  solution  is  advantageously  employed  to  cover  bleeding  sur- 
faces or  to  pack  oozing  cavities.  In  the  nasal  cavity  it  may  be  admin- 
istered as  a  spray  with  an  atomizer.  Ferripyrin,  a  combination  of  anti- 
pyrin and  iron  chlorid,  in  20  per  cent,  solution,  is  recommended  as  useful 
for  the  control  of  capillary  bleeding  epistaxis.  A  valuable  local  hemo- 
static is  the  well-known  compound  alum  powder  (Squibb's  surgical 
powder),  which  is  not  only  astringent,  but  antiseptic,  on  account  of  the 
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naphthol  contained  in  it.  A  gauze  sachet  filled  with  this  powder  can  be 
made  to  fit  the  size  of  the  bleeding  cavity,  where  it  may  be  allowed 
to  remain  indefinitely.  As  it  retains  its  antiseptic  properties  it  neu- 
tralizes any  putrefactive  products  which  so  often  coexist  with  the 
ulcerations  which  cause  the  hemorrhages.  The  valuable  hemostatic 
properties  of  oil  of  turpentine  as  a  local  application  should  not  be 
overlooked  in  this  connection. 
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Direct  Transfusion  of  Blood.— (See  Chapter  LXXII.,  p.  615.) 

POSTOPERATIVE  HEMORRHAGES. 

Gastrointestinal  Hemorrhages. — Most  important  because  of  their 
frequency  and  grave  prognostic  significance  are  the  postoperative  hem- 
orrhages of  the  gastro-intestinal  tract,  especially  after  abdominal  opera- 
tions, in  which  bleeding  is  manifested  by  hematemesis  or  hemorrhagic 
or  melanotic  stools.  These  hemorrhages  may  be  grouped  into  two 
great  classes:  (1)  Those  due  to  non-septic  and  (2)  those  due  to  septic 
causes. 

The  non-septic  cases  include  the  postoperative  hemorrhages  which 
appear  shortly  or  immediately  after  the  operation.  These  early  hemor- 
rhages are  due  to  traumatism  of  some  kind  or  defect  in  technic  (e.  g., 
when  an  unnoticed  appendicular  artery  has  not  been  sufficiently  con- 
trolled by  ligature,  the  stump  being  simply  inverted  into  the  cecum 
after  applying  a  purse-string  suture).  These  exceptional  cases 
can  be  separated  from  another  group  in  which' the  hemorrhages  occur 
three  or  four  days  after  the  operation,  thrombosis  of  the  large  vessels 
of  the  mesentery  or  omentum,  secondary  ulcers  or  erosions  in  the 
stomach  or  intestines  playing  a  leading  part.  In  this  group  the  original 
traumatism  incident  to  the  operation  is  still  largely  responsible  for  the 
hemorrhagic  complication.  When  these  hemorrhages  occur  without 
demonstrable  ulceration,  the  bleeding  is  ascribed  to  diapedesis  of 
altered  blood,  preceded  by  stasis.  Tiegel  and  Busse,  however,  express 
the  need  of  caution  before  accepting  this  conclusion,  in  view  of  the  ease 
with  which  minute,  almost  microscopic,  erosions  are  overlooked.  Up 
to  the  present  time  it  has  never  been  positively  proved  that  in  these 
postoperative  hemorrhages  the  blood  was  venous  or  arterial  (Summers). 
The  pathogen}-  of  these  intestinal  hemorrhages  was  first  elucidated  by 
Litten's  classic  experiments  in  1875;  Schnitzler,  Ullman,  Kukula,  and 
Sauv6  have  completed  the  demonstration  of  the  relationship  of  mesen- 
teric infarcts  with  these  hemorrhages.  Summers  and  McCrae  have 
aided  in  diffusing  this  knowledge  in  America. 
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Hemorrhages  Caused  by  Infectious  Processes.— Notwithstanding 
the  recognition  of  traumatism  as  the  primary  factor  in  the  causation 
of  postoperative  hemorrhages,  the  differentiation  between  the  non- 
septic  and  the  septic  is  most  important  from  the  prognostic  point  of  view. 
While  traumatism  per  se  will  give  rise  to  postoperative  hemorrhages,  the 
dangers  of  endoangeitis  (Welch),  with  consecutive  hemorrhage,  are  enor- 
mously increased  by  the  addition  of  the  complicating  influence  of 
sepsis.  This  tendency  to  hemorrhage  is  especially  pronounced  in  the 
great  colonic,  staphylo-  and  strepto-coccal  infections.  Hematemesis 
and  melanotic  or  bloody  stools  occur  as  independent  manifestations 
of  general  septicemia  and  toxemia  following  septic  or  purulent  peri- 
tonitis. These  hemorrhages  are  most  likely  to  occur  after  operations  on 
the  gastro-intestinal  tract  for  strangulated  hernias,  radical  cure  of 
hernia,  etc.,  in  which  the  omentum  is  resected,  ligated,  etc.  Busse 
showed  by  experiments  that  hematemesis  could  be  produced  in  the 
lower  animals  by  torsion  of  the  omentum.  Gastrorrhagia  and  intestinal 
hemorrhages  are  likely  to  occur  with  greater  frequency  in  operations 
on  the  stomach,  duodenum,  biliary  tract,  liver,  pancreas,  and  after 
renal  operations.  They  occur  with  less  frequency  after  operations  on 
the  pelvic  organs,  thus  confirming  the  view  generally  held  by  pathol- 
ogists that  their  causation  is  largely  related  to  obstructive  disorders  in 
the  portal  radicles  and  in  the  mesenteric  arteries.  In  appendicitis 
"black  vomit,"  " coffee-ground  vomit,"  from  capillary  oozing  into  the 
stomach,  with  fever,  jaundice,  urobilinuria,  albuminuria,  oliguria,  and 
anuria,  is  not  an  infrequent  occurrence  in  the  virulent  septic  cases. 
Bloody  vomit  has  been  observed  as  an  ephemeral  symptom  in  16  out  of 
156  septic  cases  of  acute  appendicitis  (Fernau) ;  4  in  1000  cases  of  all  kinds 
at  Johns  Hopkins  Hospital,  which  is  an  extraordinarily  low  percentage, 
I  myself  having  observed  it  in  at  least  10  per  cent,  of  the  grave  septic 
and  neglected  cases  of  former  years.  The  bloody  vomit  may  appear 
from  eight  to  thirty-six  hours  after  operation,  and  on  the  fourth  and 
fifth  days,  as  observed  by  myself.  Busse  records  16  cases  of  gastro- 
intestinal hemorrhage  in  a  collection  of  96  cases  in  which  this  symp- 
tom occurred  as  a  postoperative  complication. 

Considering  the  frequency  of  pyelophlebitis  after  appendicitis,  the 
absence  of  massive  gangrene  of  the  bowel  consequent  upon  extensive 
mesenteric  infarction  or  obstruction  is  remarkable. 
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The  tendency  to  continued,  uncontrollable,  postoperative  bleeding 
from  the  wounds  of  subjects  suffering  from  chronic  obstructive  jaundice 
in  which  profound  histologic  changes  in  the  liver  are  in  progress  is  one 
of  the  most  formidable  obstacles  to  success  in  the  surgery  of  advanced 
hepatic  disease,  and  its  importance  to  the  surgeon  cannot  be  overesti- 
mated. A  general  hemophilic  tendency  is  characteristic  of  chronic  jaun- 
dice, especially  the  so-called  " black  jaundice."  Hemorrhages  into  the 
skin  are  common,  while  epistaxis  is  frequently  the  cause  of  great  anxiety. 
Frequent  oozing  from  the  gums  occurs.  The  coagulation  time  of  the 
blood  in  chronic  jaundice  shows  a  marked  retardation.  Instead  of 
coagulating  in  four  minutes  it  may  take  fifteen  or  twenty  minutes  or 
longer  (Osier).  The  most  likely  explanation  of  this  phenomenon  is  that 
the  damaged  liver  fails  to  stop  poisons  and  bodies  allied  to  peptone 
(thrombase),  absorbed  from  the  alimentary  canal,  and  are  allowed  to 
enter  the  circulation  as  anticoagulant  bodies  (Lezenne,  Doyon).  It  has, 
however,  been  suggested  by  Mayo  Robson  that  the  hemorrhagic  tendency 
is  pancreatic  in  origin.  In  the  treatment  of  this  form  of  obstinate 
hemorrhage  the  prophylactic  administration  of  calcium  chlorid  by  mouth 
or  enema  appears  to  be  the  only  measure  which  has  thus  far  proved 
beneficial.  The  use  of  blood-serum  to  furnish  deficient  ferment  bodies, 
as  suggested  by  Weil,  in  hemophilia  is  also  advisable. 

Treatment  of  Postoperative  Hemorrhage.— This  is  based  upon 
the  ability  to  deal  with  the  primary  source  of  hemorrhage  by 
a  direct  effort  to  control  the  bleeding  point.  In  the  vast  majority 
of  non-septic  gastro-intestinal  hemorrhages  very  little  treatment  is 
required,  as  the  patients  usually  proceed  to  recovery;  though  they 
may  be  left  with  permanent  lesions  (which  is  very  exceptional)  in  the 
gastro-intestinal  tract  from  ulceration.  Kehr  recommends  that,  in 
addition  to  the  subcutaneous  infusion  of  normal  salt  solution  and 
rectal  alimentation,  the  stomach  should  be  washed  out  with  1  per 
cent,  solution  of  nitrate  of  silver,  followed  by  further  washing  with 
plain  cold  water.  In  addition,  ergot  is  administered  subcutaneously. 
Summers  suggests  continuous  irrigations  with  hot  water  through  a 
stomach-tube  or  through  a  surgical  fistula  into  the  stomach  directly; 
and  in  very  weak  patients  the  stomach-tube,  with  hot  or  iced  water, 
medicated  or  not,  in  conjunction  with  intravenous  or  subcutaneous 
saline  infusion,  to  which  calcium  chlorid  and  gelatin  should  be  added. 
When  the  blood  has  been  traced  to  a  fresh  gastric  ulcer  in  a  late 
postoperative  case,  radical  surgical  treatment  would  consist  in  gas- 
trotomy  and  obliteration  of  the  bleeding  area  by  a  purse-string  suture 
applied  from  within,  which  is  further  protected  by  sutures  introduced 
from  without  after  the  gastrotomy  wound  has  been  closed. 

In  the  septic  cases  every  effort  must  be  made  to  purify  the  primary 
focus  of  the  infection  by  drainage,  or  by  the  removal  of  the  appendix 
with  its  mesentery,  as  Gerster  recommends,  in  cases  in  which  mesen- 
teric infections  are  attributable  to  a  primary  thrombophlebitis  of  the 
appendix  and  its  mesenteriolum.  Usually,  however,  nothing  can  be 
done  by  local  measures,  as  the  infection  has  gained  the  circulation  and 
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is  beyond  the  reach  of  local  treatment.  The  various  modes  of  treatment 
of  the  constitutional  infection  (bacteremia,  septicemia)  offer  little 
encouragement,  whether  in  the  form  of  antitoxic  sera  or  artificial  hyper- 
leu  kocytosis  (Mikulicz),  or  by  the  use  of  other  agents  introduced  into 
the  circulation,  which  are  more  fully  discussed  under  the  heading  of 
Purulent  Phlebitis  and  Septicemia.  It  is  possible  that  the  further 
application  of  Wright's  and  Douglass'  vaccines  may  give  us  more 
encouragement  in  this  direction. 

The  prognosis  of  septic  postoperative  gastric  and  intestinal  hemor- 
rhage is  extremely  grave.  Hematemesis,  as  one  of  the  symptoms  of 
pyelophlebitis,  has  an  absolutely  unfavorable  prognosis.  In  sepsis 
secondary  to  peritonitis,  the  prognostic  significance  of  hematemesis  is 
very  bad,  since  it  occurs  in  very  severe  cases  only.  Hematemesis  ac- 
companying peritonitis  after  operations  in  the  abdominal  cavity  is  of 
very  serious  augury,  and  is  almost  invariably  indicative  of  sepsis. 
Surgical  intervention  is  called  for  in  exceptional  cases  only.  As  a 
rule,  treatment  must  be  merely  symptomatic.  Stimulants  are  indi- 
cated, and  the  employment  of  saline  infusion  may  act  as  a  life-saving 
procedure.  In  the  presence  of  complications  of  a  thrombotic  or 
embolic  character  the  treatment  is  necessarily  conservative  and  ex- 
pectant, with  the  exception  of  hepatic  and  pulmonary  abscess,  which 
require  incision  and  free  drainage.  Thrombotic  obstruction  of  the 
mesenteric  vessels,  which  causes  hematemesis  and  intestinal  hemor- 
rhages in  connection  with  intestinal  necrosis,  is  only  amenable  to 
surgical  treatment,  and  even  then  offers  the  gloomiest  prognosis,  as 
will  be  seen  by  referring  to  the  section  on  Mesenteric  Thrombosis. 
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THE  HEMORRHAGIC  DISEASES  AND  THEIR  TREATMENT- 

The  coagulability  of  the  blood  is  lessened  and  the  persistence  of 

hemorrhage  favored  by  certain   changes  in   the   constitution   of  the 

blood,  the  exact  character  of  which  is  still  a  subject  of  investigation. 

These  constitutional  anomalies  are  met  with  specially  in  hemophilia, 
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purpura,  scurvy,  Barlow's  disease,  leukemia,  and  prolonged  icterus, 
especially  when  this  is  due  to  malignant  disease.  Patients  suffering 
from  any  of  these  diseases  are  accordingly  unfavorable  subjects  for 
any  form  of  surgical  interference.  The  abnormal  tendency  to  hemor- 
rhages, characteristic  of  the  hemorrhagic  diathesis,  is  distinguished  by  the 
spontaneous  occurrence  of  the  hemorrhages,  by  their  great  severity  and 
their  long  duration,  together  with  the  slightness  of  the  causes  that  pro- 
voke them.  A  true  hemorrhagic  disease  is  usually  an  infection  in  which 
a  variable  clinical  picture  is  dominated  by  a  common  symptom,  namely, 
the  persistent  tendency  to  bleed. 

Hemophilia. — The  hemophilic  diathesis,  or  tendency  to  bleed  at 
the  slightest  provocation,  or  even  spontaneously,  exhibited  by  certain 
individuals  otherwise  healthy,  is  known  as  hemophilia. 

The  hemophilic  diathesis  may  manifest  itself  at  all  ages,  but  in  its 
most  typical  form  is  characteristic  of  early  life  and  especially  of  the 
first  two  decades.  Sex  plays  a  very  notable  part  in  the  history  of 
this  disease,  males  being  infinitely  more  subject  to  it  than  females. 
Hereditary  transmission  is  an  undisputed  and  most  conspicuous 
characteristic  of  this  diathesis — and  what  is  more  curious  is  that 
it  is  always  conveyed  from  one  generation  to  the  other,  through 
the  mother,  even  though  she  herself  be  exempt  from  hemophilic  mani- 
festations. On  the  other  hand,  the  male  of  hemophilic  stock  cannot 
transmit  the  disease  to  his  children,  unless  he  himself  be  a  victim  of  the 
disease.  This  general  law  laid  down  by  Grandidier  is  not  absolute,  and 
has  been  contradicted  by  later  statistics  of  Kolster,  Retterschorn,  and 
de  Bovis,  which  show  that  hemophilia  manifests  itself  with  almost  equal 
frequency  in  the  infancy  of  both  sexes.  The  hereditary  or  family  tend- 
ency to  hemophilia  may  skip  one  or  more  generations  and  then  unex- 
pectedly appear  as  an  atavistic  trait  after  a  long  interval  of  latency. 
There  is  also  a  sporadic,  accidental,  or  acquired  hemophilia,  which  it  is 
very  important  to  recognize  on  account  of  its  prognostic  bearings. 
The  difference  between  the  acquired  and  the  hereditary  types  have 
been  especially  brought  out  by  Weil. 

Pathogeny. — The  essential  factor  in  the  causation  of  hemophilia 
still  remains  problematic,  notwithstanding  the  time  and  immense  labor 
devoted  to  its  elucidation  since  the  days  of  Fordyce  (1784).  The 
progress  of  histology  and  hematology  has  ruined  all  the  old  theories 
by  showing  the  absence  of  structural  abnormalities  in  the  vessels  or  of 
any  notable  alterations  in  the  blood. 

Sahli,  who  in  1905  investigated  this  question  with  all  modern  re- 
sources, failed  to  arrive  at  a  solution  of  the  problem.  He  found  no 
appreciable  abnormalities  in  the  morphology  of  the  blood,  in  its  osmotic 
tendencies  or  alkalinity,  or  in  the  blood-pressure.  He  concluded  that  the 
coagulation  of  the  blood  is  at  fault,  and  that  the  cause  lies  chiefly  in 
the  endothelium  of  the  vessel-wall.  A  very  elaborate  and  suggestive 
theory  of  the  causation  of  hemophilia  based  upon  Ehrlich's  researches 
on  immunity  has  been  recently  presented  by  Wachenheim,  of  New  York. 
As  an  abridged  statement  of  this  thoughtful  author's  view  would  con- 
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vey  no  intelligent  explanation,  the  reader  is  referred  to  the  original 
text. 

As  recently  shown  by  Emil  Weil,  hemophilia  presents  itself  clinically 
in  two  distinct  forms:  the  accidental  or  acquired  hemophilia  and  the 
hereditary  or  family  type.  Clinically,  the  acquired  "sporadic"  type  is 
distinguished  from  the  hereditary  by  its  relative  benignity — i.  e.,  it  does 
not  cause  such  frequent  or  great  hemorrhagic  manifestations.  In  the 
accidental  variety  a  traumatism  of  some  importance  is  necessary  to 
bring  about  a  hemorrhage  of  any  serious  consequence.  The  hemor- 
rhages in  this  type  are  also  separated  by  long  intervals  of  time,  some- 
times years.  On  the  contrary,  the  tendency  to  obstinate  bleeding 
in  the  congenital  variety  is  manifested  from  the  moment  of  birth;  the 
slightest  prick,  wound,  or  blow  may  provoke  interminable  hemorrhages. 
Sometimes  the  hemorrhages  appear  to  come  spontaneously,  so  inappre- 
ciable is  the  provocation.  The  hemorrhages  into  the  joints — hemar- 
throses — are  distinctive,  if  not  exclusive,  manifestations  of  the  congenital 
type,  and  occur  not  only  after  the  slightest  injury,  but  after  mere  mus- 
cular effort  or  fatigue.  The  mortality  is  very  considerable  in  hemophilic 
families  and  death  is  frequent  at  a  tender  age.  In  his  recent  and  inter- 
esting research  Weil  has  shown  that  blood  can  be  obtained  directly 
from  the  superficial  veins  of  hemophilic  subjects  without  danger  by 
using  a  fine  hollow  needle.  After  puncture  through  the  skin  the  blood 
flows  as  long  as  it  may  be  needed.  No  hemorrhage  follows  the  removal 
of  the  needle,  the  elasticity  of  the  veins  being  sufficient  to  occlude  the 
puncture  and  secure  complete  hemostasis. 

The  dominant  characteristic  of  hemophilic  blood  is  the  extreme  retard- 
ation of  coagulation.  If  allowed  to  drop  from  a  vein  into  a  test-tube,  the 
corpuscles  soon  drop  to  the  bottom,  the  coagulum  forming  only  after  the 
lapse  of  from  one  to  nine  hours.  Distinct  differences  separate  the  blood  of 
the  accidental  and  hereditary  types  of  hemophilia.  In  accidental  hemo- 
philia the  blood  is  very  fluid,  the  flow  from  a  needle  introduced  into  a 
vein  is  rapid  and  prolonged;  the  corpuscular  field  is  normal  in  appear- 
ance, the  leukocyte  count  is  also  normal  or  subnormal,  the  coagulation  is 
"plasmatic,"  but  the  time  is  long  delayed — seventy-five  minutes  on  the 
average;  the  clot  when  formed  is  solid  and  the  serum  abundant.  In  the 
hereditary  type  the  blood  is  sticky,  viscous;  the  flow  from  the  needle 
is  slow  and  less  persistent;  the  blood-picture  is  normal  in  appearance, 
except  that  leukopenia  is  constant  and  there  is  an  excess  of  mononuclear 
leukocytes;  the  time  of  coagulation  is  enormously  retarded  (two  and  one- 
quarter  to  nine  hours) .  The  clot  is  white,  soft,  flocculent,  with  less  serum. 
These. marked  differences  between  these  two  types  of  hemophilia,  as 
clearly  shown  by  Weil,  are  not  only  important  in  determining  the  relative 
prognosis  of  the  disease,  but  are  of  special  value  in  guiding  the  practi- 
tioner in  the  application  of  serum  therapy  as  devised  by  this  investigator. 

The  symptoms  of  hemophilia  are  extremely  variable.  The  hemor- 
rhages are  practically  always  capillary,  the  blood  escaping  as  in 
parenchymatous  bleeding,  ?'.  e.,  slowly  exuding  without  spurting.  Hemor- 
rhage from  the  large  arteries  takes  the  customary  course,  and  can  be 
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controlled  by  ligature.  The  duration  of  hemophilic  hemorrhage  is 
variable.  Not  extraordinarily  profuse  at  a  given  time,  it  assumes  dan- 
gerous proportions  by  the  enormous  amounts  of  blood  which  are 
gradually  lost  in  a  hemorrhage  extending  over  a  period  of  weeks  and 
months.  In  the  statistics  of  the  fatal  cases  of  hemophilia  collected  by 
Grandidier,  the  trivial  character  of  the  injuries  which  led  to  death 
is  shown  by  the  following:  there  were  14  deaths  from  cracks  or  fissures 
about  the  skin  and  lips;  11  from  superficial  wounds  of  the  scalp; 
7  from  accidental  wounds  of  the  tongue  caught  between  jagged  teeth; 
in  42  fatal  cases  (Grandidier)  death  occurred  10  times  after  tooth 
extraction;  8  after  blood-letting;  4  after  leech-bites;  4  after  wet-cups; 
and  4  followed  circumcisions. 

The  articvlar  swelling  and  pains  in  the  limbs,  occurring  in  hemophil- 
ics, and  formally  interpreted  as  rheumatic,  are  now  referred  to  hemor- 
rhages into  and  around  the  joint  capsule.  These  articular  effusions 
tend  to  become  more  prominent  after  the  period  of  puberty,  before 
which  the  hemorrhagic  phenomena  predominate.  The  knee  is  the 
favorite  seat  of  a  hemophilic  arthropathy.  A  simultaneous  or  successive 
involvement  of  several  joints  is  sometimes  observed,  but  it  is  the  knee 
which  is  first  attacked.  The  clinical  history  of  the  hemophilic  joint  is 
divided  into  three  periods  by  Koenig,  whose  masterly  study  of  this 
articular  affection  has  remained  a  classic  since  1891:  (1)  Period  of 
articular  effusion  or  hemarthrosis;  (2)  period  of  chronic  arthritis;  (3) 
period  of  ankylosis  and  permanent  deformities. 

The  first  period  is  essentially  characterized  by  an  extravasation  of 
blood  in  the  joints,  usually  an  acute  hemarthrosis;  the  knee  becomes 
globular  in  shape,  tense,  painful  on  hard  pressure,  and  fluctuating.  The 
skeleton  of  the  articulation  is  not  tender  or  sensitive,  and  the  function 
of  the  joint  is  limited  solely  because  of  the  disturbing  effect  of  the 
effusion.  There  are  no  local  inflammatory  signs;  there  is  sometimes  a 
slight  elevation  of  temperature.  The  duration  of  this  hemarthrosis  is 
generally  short;  in  a  few  days  the  blood  is  absorbed,  and  in  eight  to 
fifteen  days  the  joint  is  restored  to  its  normal  function. 

Unfortunately,  frequent  relapse  is  a  characteristic  of  this  affection. 
As  many  as  forty  recurrences  in  the  same  patient  have  been  reported 
by  one  observer  (Gocht).  The  constant  repetition  of  these  hem- 
orrhages brings  about  a  second  or  arthritic  stage,  which  is  charac- 
terized by  chronic  inflammatory  changes  in  the  synovial  sac  and  rough- 
ening of  the  cartilages  of  the  joints.  The  comparative  lack  of  pain, 
however,  permits  the  patient  to  use  the  joint  in  walking  until  an  acute 
exacerbation  compels  a  halt.  At  this  stage  the  dystrophies  of  the  par- 
ticular muscles  become  marked,  giving  the  joint  the  spindle-shaped 
appearance  of  a  white  swelling.  The  synovial  sac  thickens,  enlarges,  and 
hardens;  adhesions  form,  and  ankylosis,  the  third  stage,  develops,  which 
cripples  and  deforms  the  joint. 

In  the  treatment  of  hemophilic  joints  the  essential  is  to  avoid 
all  operative  procedures.  Even  exploratory  puncture  should  be  avoided, 
if  possible,  but  an  exploratory  puncture  with  an  aspirating  needle  to 
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reveal  the  hemorrhagic  nature  of  the  effusion  is  infinitely  less  serious 
than  arthrotomy  or  arthrectomy,  which  will  invariably  lead  to  disaster. 
The  only  treatment,  in  view  of  the  prompt  absorption  of  the  hemor- 
rhagic effusion  in  the  first  stage,  is  rest  with  immobilization  and 
gentle  compression,  avoiding  massage  (Broca)  for  fear  of  extrava- 
sations. In  the  arthritic  and  deforming  stage,  a  vicious  attitude 
must  be  avoided  by  gentle  extension,  never  by  violent  manipula- 
tions or  attempts  to  break  adhesions.  Possibly,  as  Delbet  and 
Schwartz  suggest,  it  may  be  that  in  the  future,  by  a  judicious  use  of 
normal  serum  by  the  method  of  Weil,  or  the  use  of  thyroid  extract  as 
recently  applied  by  Torrance  Rugh,  of  Philadelphia,  it  may  be  possible 
to  control  the  hemorrhagic  tendency  sufficiently  to  permit  of  the  cor- 
rection of  the  deformity  with  comparative  safety  in  the  advanced  cases. 
The  differential  diagnosis  in  tuberculous  arthritis  will  be  materially 
assisted  by  the  history  of  the  patient;  by  x-ray  examinations;  by  the 
cuticular  reaction  of  von  Pirquet,  or  the  Wolf-Calmette  ophthalmic  test. 

Hemophilia  may  end  in  recovery,  a  more  likely  termination  in  the 
mild,  benign,  or  accidental  cases — so-called  "abortive  hemophilia." 
In  the  typical  hereditary  cases  the  prognosis  is  gloomy  indeed.  The 
oft-quoted  statistics  of  Litten  show  that  60  per  cent,  of  hemophilic  sub- 
jects die  before  the  eighth  year  and  only  1 1  per  cent,  survive  after  the 
twentieth.  After  the  first  two  decades  of  life  the  prognosis  improves 
steadily  with  advancing  age. 

Treatment  of  Hemophilia. — The  therapeutics  of  hemophilia  are 
as  unsatisfactory  as  its  etiology.  There  is  no  specific  remedy  that 
will  deal  with  the  condition  etiologically.  While  the  use  of  special  food- 
stuffs (vegetables)  is  of  no  value,  a  general  improvement  of  the  nutri- 
tion of  hemophilic  patients  is  a  great  desideratum;  meaning  by  this 
nutrition  in  its  widest  sense,  inclusive  of  an  abundant  and  varied 
diet,  a  suitable  combination  of  rest  and  exercise,  of  sleep  and  waking; 
sometimes  employing  medicinal  agents  to  meet  special  symptom- 
atic indications.  From  the  surgical  point  of  view  it  is  especially  im- 
portant that  his  condition  be  explained  to  the  patient  or  his  friends, 
who  should  be  provided  with  a  number  of  prophylactic  measures  no 
less  than  with  explicit  directions  for  emergency  procedures. 

In  the  control  of  hemorrhage  in  wounds  and  bleeding  surfaces, 
the  most  reliable  are  compression  gelatin  bandages  and  compresses 
soaked  in  fresh  normal  blood -serum  (Weil).  For  this  purpose 
a  bandage  is  soaked  in  sterilized  gelatin  (2  per  cent.)  and  applied 
to  the  bleeding  parts  under  pressure.  For  purposes  of  preservation, 
glycerin  and  chlorid  of  calcium  may  be  added  to  the  gelatin.  This 
mixture  is  chiefly  applicable  to  surface  hemorrhages  from  accessible  ves- 
sels or  multiple  bloody  extravasations  and  in  operations  on  bone.  For 
local  application,  either  gelatin,  which  solidifies  at  ordinary  room  tem- 
perature, or  sterilized  gelatin,  which  is  rich  in  gelatose  and  becomes  fluid 
at  this  temperature,  may  be  employed,  since  the  effect  is  essentially 
of  a  physical  character.  The  subcutaneous  injection  of  gelatin  for  the 
control  of  hemophilic  hemorrhages  by  the  general  effect  of  the  remedy, 
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has  its  opponents  as  well  as  its  advocates,  not  only  on  account  of  the 
attendant  danger  from  tetanus,  but  also  because  the  supposed  hemo- 
static effect  is  by  no  means  universally  credited.  The  internal  adminis- 
tration of  gelatin  does  not  seem  to  be  based  on  rational  premises,  since 
the  gelatin  does  not  reach  the  blood  as  gelatin  at  all  (Sahli). 

Adrenalin  may  be  used  as  a  local  hemostatic,  but  is  inert  as  an 
internal  remedy.  Its  subcutaneous  use  is  likewise  rejected  not  only  as 
unphysiologic  on  account  of  the  resulting  increase  of  blood-pressure, 
but  because  it  is  inert  except  by  intravenous  injection. 

Calcium. — While  too  much  should  not  be  expected  from  the  internal 
administration  of  lime-salts  in  hemophilia,  the  local  application  of  cal- 
cium chlorid  at  the  bleeding  part  is  worthy  of  a  trial,  in  form  of  a  cotton 
pledget  soaked  in  a  1  to  2  per  cent,  solution  and  firmly  held  in  place.  The 
lactate  of  calcium,  in  doses  of  30  to  40  grains,  once  or  twice  in  chronic 
cases,  has  recently  been  recommended.  There  is  a  case  on  record  in 
which  the  internal  use  of  ovarian  extract  proved  successful  after  all 
other  remedies,  including  adrenalin,  had  failed  (Grant). 

Thyroid  Extract — The  recovery  of  a  patient  with  a  bad  hemophilic 
joint  (Rugh)  suggests  its  further  use  in  similar  conditions. 

Atmokausis  has  sometimes  proved  the  last  life-saving  resort  in 
hemophilic  hemorrhages  from  the  uterus  (Pincus  and  Stoeckel).  The 
bleeding  has  been  observed  to  subside  at  once,  after  two  or  three  minutes' 
use  of  atmokausis  at  115°  C.  The  method  constitutes,  according  to 
Pincus,  a  specific  against  uterine  hemorrhages  of  whatever  origin. 

Serotherapy. — A  most  valuable  suggestion  which  has  resulted  from 
Weil's  studies  in  hemophilia  is  that  fresh  animal  or  human  serum  when 
injected  into  hemophilic  subjects  greatly  increases  the  coagulability  of 
the  blood.  In  accidental  or  acquired  hemophilia  it  brings  up  the  stand- 
ard of  coagulation  to  normal  twenty-four  hours  after  it  has  been  injected, 
and  this  improvement  continues  for  an  average  period  of  a  month,  when 
the  treatment  has  to  be  renewed  to  prevent  relapse.  In  the  congenital 
type,  blood-serum  injections  are  not  so  effective.  They  markedly 
improve  the  clotting,  but  have  little  influence  in  shortentng  the  coagu- 
lation period.  This  is  due  apparently  to  the  presence  of  anticoagulant 
bodies  in  the  blood.  Weil  recommends  the  local  as  well  as  systemic 
application  of  the  serum  in  bleeding  wounds.  To  arrest  hemorrhage  in 
adults  he  injects  10  to  20  c.c.  into  the  veins  or  20  to  30  c.c.  subcuta- 
neously,  the  dose  to  be  repeated  if  necessary  on  the  second  day.  In 
children,  half  the  dose  is  recommended.  As  a  preoperative  prophylactic 
the  same  dosage  is  indicated.  The  serum  as  obtained  by  venesection 
from  man,  rabbits,  and  the  horse  has  been  utilized,  but  normal  human 
serum  is  undoubtedly  most  effective  for  man.  Beef-serum  must  never 
be  used,  as  it  is  always  followed  by  severe  toxic  phenomena.  In  emer- 
gencies it  is  often  impossible  to  wait  twenty-four  hours  to  obtain  the 
fresh  blood-serum  of  a  rabbit,  and  a  fresh  sample  of  antidiphtheritic 
serum,  which  is  always  at  hand,  can  be  used  with  advantage  in  the 
same  manner.  Most  cases  thus  far  reported  have  been  treated  with 
antidiphtheritic  serum,  and,  in  the  majority,  with  remarkably  good 
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results.  When  fresh  normal  sterile  serum  can  be  obtained,  it  is  to  be 
preferred  to  the  therapeutic  antitoxic  sera,  as  it  contains  all  the  desirable 
fibrin  ferments  and  nothing  more.  This  mode  of  treatment,  while  not 
at  all  specific  in  its  character,  is  based  on  a  rational  principle,  and  has 
yielded  sufficiently  encouraging  results  since  its  introduction  to  deserve 
further  trial,  not  only  in  hemophilia,  but  in  all  the  allied  hemorrhagic 
states. 
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Aneurism. 

Aneurisma  (dvsupuafjia,  from  diteupuvw,  to  widen,  dilate).  In 
its  fundamental  meaning,  the  word  aneurism  is  applied  to  a  hollow 
tumor,  space,  or  sac,  filled  with  liquid  or  coagulated  blood,  or  both, 
directly  connected  with  the  lumen  of  an  artery  (with  which  it  is  con- 
tinuous), and  developed  in  whole  or  in  part  at  the  expense  of  its  walls. 
The  essential  ideas  that  are  inseparable  from  the  concept  of  an  aneurism 
are:  (1)  That  the  interior  of  the  sac  must  be  directly  continuous  with 
the  lumen  of  an  artery;  and  (2)  that  the  sac  containing  the  blood  must 
be  well  defined  or  encysted.  Arterial  aneurisms  are  anatomically 
divided  into  two  distinct  types:  the  true  and  the  false.  The  true — 
aneurisma  verum — are  all  those  in  which  one  or  all  the  tunics  of  an 
artery  enter  into  the  composition  of  the  sac;  the  false — aneurisma 
spurium — those  in  which  the  sac  is  formed  entirely  by  adventitious 
walls,  i.  e.,  by  newly  formed  perivascular  connective  tissue,  in  which 
organized  clots  participate  in  the  wall-building  process.  The  aneurisma 
verum  of  the  classic  writers,  in  which  the  sac  preserves  the  original 
three  coats  of  the  parent  artery,  is  extremely  rare,  the  middle  coat 
(media)  disappearing  in  all  well-developed  aneurisms.  To  avoid  con- 
fusion, these  arterial  dilatations  should  be  referred  to  as  arteriectases, 
and  represent  the  incipent  stages  of  the  cylindric  and  fusiform  aneurisms 
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of  the  aorta  or  its  primary  branches.  Sometimes  the  three  coats  are 
recognizable  in  the  small  miliary  aneurisms  of  the  cerebral  or  visceral 
arteries. 

Classification. — According  to  their  causation  or  their  pathogeny, 
aneurisms  may  be  classified  into  at  least  five  groups  (Thoma's  classifi- 
cation modified):  (1)  Congenital  aneurisms;  (2)  pathologic  (the  so- 
called  spontaneous,  idiopathic,  but  more  properly  arteriosclerotic 
aneurisms);  (3)  traumatic;  (4)  embolic;  (5)  erosion;  (6)  cirsoid  aneu- 
risms. 

(1)  Congenital  aneurism*  are  almost  pathologic  curiosities,  they  are 
so  rare.  They  appear  occasionally  as  prenatal  dilatations  of  the  fetal 
vessels,  especially  the  ductus  arteriosus,  which  continues  patulous  and 
develops  after  birth.  Rokitansky,  Kussmaul,  Mayer,  and  others  have 
described  congenital  aneurisms  which  Eppinger  attributes  to  a  congen- 
ital histologic  anomaly  of  the  vessels — a  dystrophy  of  the  media — which 
impairs  the  elasticity  and  resistance  of  the  vessel  coats  to  the  normal 
blood-pressure.  In  this  way  a  congenital  aneurismal  diathesis  may 
obtain  in  certain  individuals  which  must  be  distinguished  from  the 
less  rare  and  acquired  diathesis  of  adult  life,  the  result  of  a  generalized 
disease  of  the  arteries. 

(2)  Pathologic  or  arteriosclerotic  aneurisms  constitute  a  great  majority 
of  the  aneurisms,  especially  those  of  the  aorta  and  the  internal  arteries, 
met  in  practice.  Under  this  heading  are  grouped  all  those  aneurisms 
which  are  formed  without  apparent  cause,  hence  " idiopathic"  or 
"spontaneous,"  and  in  which  there  is  no  distinct  history  of  direct  injury 
to  the  artery.  In  these,  one  or  more  coats  of  the  artery  enter  into  the 
composition  of  the  sac.  They  may  be  subdivided  into  two  groups: 
(a)  Those  in  which  the  aneurismal  pouch  is  formed  by  a  process  of 
dilatation  or  stretching  of  the  walls,  the  diseased,  softened,  and  inelastic 
tunics  yielding  progressively  to  the  expansile  force  of  the  blood-current; 
(6)  by  rupture  or  the  giving  way  (atheromatous  degeneration  and 
ulceration)  of  the  internal  and  middle  coats  at  the  diseased  spots.  This 
is  the  most  frequent  way  in  which  an  aneurism  is  formed.  The  elastic 
fibers  of  the  intima  and  media,  softened  by  atheroma,  break  down,  the 
middle  coat  gives  way,  and  the  external  coat,  unable  to  resist  the 
blood-pressure,  bulges  out,  forming  the  sac  of  the  aneurism. 

By  this  process  dissecting  aneurisms  are  formed.  An  intramural 
channel  is  started  in  the  thickness  of  the  arterial  wall,  which  admits 
the  blood-stream  and  allows  it  to  burrow  its  way  for  a  greater  or  less 
distance  along  the  lines  of  cleavage  in  the  vessel  until  it  finds  an  exit  at  a 
distance  from  its  starting-point.  A  single  artery  is  thus  transformed 
into  a  double  one  for  a  very  considerable  distance.  Dissecting  aneur- 
isms are  almost  exclusively  met  in  the  thick  walls  of  the  thoracic  and 
abdominal  aorta,  in  which  the  fibrous  adventitia  is  especially  strong. 
They  have  been  occasionally  observed  in  the  sclerotic  cerebral  arteries. 
The  interval  separating  the  two  internal  openings  of  a  dissecting 
aneurism  may  be  1  or  2  inches  apart,  or,  as  in  some  reported  cases,  the 
new  tunnel  may  extend  from  the  origin  of  the  aorta  to  its  abdominal 
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bifurcation.  An  interesting  feature  of  these  aneurisms  is  that  when 
the  intramural  circulation  has  been  established,  the  new  channel  be- 
comes completely  and  perfectly  lined  with  endothelium  of  new  for- 
mation, which  is  in  every  respect  identical  with  that  of  the  normal 
artery. 

When  a  mass  of  broken-down  atheroma,  consisting  of  semifluid, 
fatty,  or  chalky  debris  (steatoma  of  the  aorta),  breaks  through  the 
intima  into  the  aortic  lumen,  and  leaves  a  hollow  or  a  cavity  which 
serves  as  a  recess  for  the  formation  of  an  aneurism,  such  aneurisms 
are  known  as  kystogenic  aneurisms;  when  they  form  shallow  excava- 
tions with  slight  external  bulgings  they  are  known  as  the  cupoliform 
aneurisms. 

More  often,  after  the  break-down  of  the  intima  and  media,  a 
progressively  increasing  sacciform  aneurism  is  formed,  which  com- 
municates with  the  lumen  of  the  -artery  by  a  relatively  narrow 
orifice.  These  sacciform  aneurisms,  formed  by  the  rupture  of  the  two 
inner  coats,  are  by  far  the  most  frequent  of  the  aortic  aneurisms  (fully 
two-thirds).  When  such  aneurisms  press  upon  surrounding  large  veins 
(vena  cava  or  pulmonary  artery)  they  form  pathologic  anastomoses  or 
fistulas,  arteriovenous  aneurisms  resulting  from  pressure  atrophy. 

(3)  Traumatic  aneurisms  are  those  which  are  clearly  traceable  to 
injury  of  the  arterial  walls,  by  contusions,  falls,  gun-shots,  stabs,  punc- 
tures, and  other  penetrating  wounds.  In  these,  aneurism  is  the  result 
of  an  injury  done  to  a  healthy  or  normal  artery.  More  often,  trau- 
matism or  injury  only  determines  the  localization  of  an  aneurism  in 
arteries  already  diseased.  Much  confusion  has  been  caused  in  nomen- 
clature by  the  misapplication  of  the  word  aneurism  to  the  recent  ill- 
defined  collections  of  extravasated  blood  which  follow  certain  contused 
and  perforating  arterial  wounds.  These  hemorrhagic  extravasations 
have  no  well-defined  or  differentiated  sacs — an  essential  feature  of  an 
aneurism — and  they  should  be  distinguished  by  the  term  "pulsating 
hematomata,"  long  ago  proposed  by  Delbet,  Michaux,  and  Rotter. 
These  hematomata  may  be  diffused  into  the  tissues  or  circumscribed, 
but  cannot  be  recognized  as  aneurisms  until  a  well-differentiated  wall 
is  formed  by  the  organization  of  the  perivascular  tissue  and  clot  into  a 
distinct  fibrous  wall,  lined  by  endothelium  of  new  formation.  When 
a  pathologic  aneurism  ruptures  through  all  its  coats,  it  may  cause 
a  secondary  diffuse  or  circumscribed  false  aneurism — also  called  a 
consecutive  aneurism.  These  arteriovenous  aneurisms,  as  observed  in  the 
extremities,  are  almost  exclusively  of  traumatic  origin  (vide  infra). 

(4)  Embolic  aneurisms  may  present  themselves  in  three  forms: 
(1)  the  simple  or  non-infectious;  (2)  the  infectious,  septic,  or  pyogenic; 
(3)  the  parasitic.  The  simple  or  non-infectious  are  caused  by  the  lodge- 
ment of  a  migrated  clot  or  a  fragment  of  calcic  atheroma  in  a  vessel  too 
small  to  allow  its  farther  transit;  a  secondary  traumatic  endarteritis 
is  produced  thereby,  ending  in  the  yielding  of  the  artery  at  the  ob- 
structed point.  The  septic  emboli  are  always  given  off  from  pyemic 
foci  in  general  infections;  more  often  from  the  roughened  surfaces  of  the 
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valves  in  septic  endocarditis.  Wherever  they  become  impacted,  these  em- 
boli infect  thfe  artery,  causing  a  septic  or  pyogenic  endarteritis,  followed 
by  infiltration,  softening,  and  dilatation  of  the  walls  (the  embolic  mycotic 
aneurisms  of  Eppinger).  (See  Diseases  of  Arteries.)  The  parasitic 
or  verminous  aneurisms  are  found  almost  exclusively  in  the  horse. 

(5)  Erosion  aneurisms  of  Eppinger  are  small  circumscribed  aneurisms 
formed  in  suppurating  cavities,  in  tuberculous  vomicae  in  the  lungs,  with 
rupture,  causing  profuse  and  often  fatal  hemoptysis.  They  are  caused 
by  infiltration  of  the  adventitia  by  specific  pathogenic  micro-organisms, 
such  as  the  tubercle  bacillus,  but  more  often  by  pyogenic  micro-organ- 
isms, which  erode  and  ulcerate  the  two  outer  coats;  the  weakened  media, 
yielding  to  the  intravascular  pressure,  bulges  through  the  eroded  area 
as  a  hernial  projection,  finally  rupturing  before  attaining  great  size, 
causing  the  erosion  hemorrhages  already  referred  to. 

(6)  Cirsoid  aneurisms,  or  aneurisms  by  anastomosis.  Arterial 
varices  or  simple  dilatations  of  the  arteries  (arteriectases),  either  singly 
or  in  plexiform  masses,  have  been  erroneously  included  in  this  group. 
These  arterial  varices  differ  essentially  from  cirsoid  aneurism  in  two 
ways:  (1)  That  veins  of  new  formation  participate  in  the  process;  (2) 
that  the  blood-vessels  entering  into  the  formation  of  cirsoid  aneur- 
isms are  largely  neoplastic,  and  are  frequently  reproduced  in  loco  after 
apparently  complete  extirpation.  Therefore,  cirsoid  aneurisms,  so 
called,  are  not,  strictly  speaking,  aneurisms — i.  e.y  a  disease  acquired 
or  grafted  on  a  preexisting  normal  artery — but  neoplasms  or  tumors 
with  close  affinities  to  the  angeiomata. 

Structure  of  Aneurism. — An  aneurism  consists  of  a  sac  and 
contents,  and,  in  sacciform  aneurisms,  also  of  a  neck.  In  considering 
the  structure  of  the  sac  we  must  distinguish  between — (1)  the  true 
aneurism,  always  associated  with  preexisting  arterial  disease;  and  (2) 
the  false,  always  of  traumatic  origin. 

The  true  aneurisms  may  consist,  as  previously  outlined,  of:  (1) 
All  the  coats  of  the  artery,  a  very  rare  occurrence  except  in  arterial 
ectases  or  incipient  aneurisms;  (2)  the  external  coat  only,  as  seen  in 
sacculated  aneurisms  of  pathologic  origin;  (3)  the  internal  coat  (erosion 
aneurism);  (4)  the  separated  layers  of  the  middle  coat,  between  which 
the  blood  has  been  forced  with  the  external  and  internal  coats  on 
either  side  (dissecting  aneurisms).  The  one  unfailing  histologic  char- 
acteristic of  the  structure  of  all  aneurisms  is  that  the  middle  or  museulo- 
elastic  coat  is  always  missing  in  the  sac-walls  ;  and  that  the  media  never 
enters  into  the  formation  of  the  aneurism.  If  the  walls  of  an  ordinary 
so-called  spontaneous  aneurism  of  considerable  size  and  of  the  saccu- 
lar type  are  examined,  it  will  be  found  to  be  composed  of  a  fibrous 
layer,  the  relic  of  the  adventitia  or  of  this  membrane  blended  with  con- 
densed sclerotic  connective  tissue,  lined  on  its  inner  surface  by  a  thin 
membrane  analogous  to  the  intima  of  the  parent  artery.  This  internal 
lining  presents  a  smooth  endothelial  surface  of  flat  nucleated  cells,  rest- 
ing upon  a  connective-tissue  bed.  These  endothelial  cells  are  formed 
by  the  proliferation  of  the  intima  of  the  parent  artery.     They  multiply 
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with  great  rapidity  and  soon  cover  all  the  surfaces  which  come  in  con- 
tact with  the  blood-stream.  Traces  of  the  middle  coat  may  be  found 
scattered  here  and  there  in  the  sac,  but  even  these  soon  disappear, 
leaving  only  a  distinct  layer  at  the  junction  of  the  sac  with  the 
normal  arterial  wall,  where  they  are  continuous  with  the  elastic  and 
muscular  fibers  of  the  media.  These  elements  show  no  tendency  to 
regenerate  or  form  again  once  they  have  been  destroyed  and  trans- 
formed into  degenerative  products  by  the  arteriosclerotic  and  athero- 
matous processes.  The  newly  formed  endothelial  lining  and  connec- 
tive-tissue walls  of  the  aneurism  may  itself  undergo  degenerative 
changes;  fatty  and  calcareous  transformation  (atheroma).  Sometimes 
the  sac  becomes  so  infiltrated  with  salts  that  it  will  crackle  and  break 
like  an  egg-shell  under  the  pressure  of  the  hand.  It  is  a  fairly  con- 
stant law  in  arterial  pathology  that  wherever  the  circulation  is  active, 
the  tissues  that  are  in  contact  with  the  blood-stream  soon  become  lined 
with  smooth  endothelial  cells,  which  spread  by  multiplication  from 
the  intima  of  the  main  vessels,  and  probably  also  from  angeioblasts 
furnished  by  the  vasa  vasorum.  Therefore,  when  a  rupture  of  the 
distended  coats  of  an  aneurism  takes  place,  the  peri-aneurismal  tissues 
with  which  the  extravasated  blood  comes  in  contact  soon  become 
lined  with  newly  formed  endothelium,  in  imitation  of  the  parent  lining 
of  the  main  vessel,  provided  the  blood  be  in  motion. 

The  practical  point  to  be  borne  in  mind  is  that  it  is  only  while  the 
aneurism  is  still  small  and  young  that  a  distinction  can  be  made  between 
its  coats.  As  the  aneurism  increases  in  size,  the  tissues  around  it 
become  condensed  and  fused  with  the  sac,  which  may  ultimately  be 
formed  entirely  of  these  tissues  and  of  new  fibrous  tissue  produced  by 
chronic  irritative  hyperplasia. 

The  walls  of  the  sac  are  of  variable  thickness,  dependent  upon  a 
multitude  of  causes.  In  a  general  way  it  may  be  said  of  sacciform 
aneurisms  that  the  walls  become  progressively  thinner  from  the  point 
of  attachment  or  neck  to  the  periphery  or  greatest  bulge  of  the  sac. 
In  the  typical  fusiform  type  the  sac  is  thinnest  at  its  equator  and 
thickest  at  the  poles,  where  the  vessel  fuses  with  the  sac,  but  as  the 
fusiform  outline  is  far  from  constant,  it  may  be  better  to  state  that 
the  sac-walls  grow  thinner,  as  in  sacciform  aneurisms,  from  the  points 
of  arterial  attachment  to  the  most  distended  portions  of  the  sac. 

The  Structure  of  the  Sac  in  False  Aneurisms  (Aneurysma 
Spurium). — These  are  always  traumatic.  In  exceptional  cases  these 
aneurisms  appear  as  cylindric  or  fusiform  sacs.  This  occurs  only 
when  the  artery  has  been  transversely  divided,  the  two  ends  retracting 
and  the  extravasated  blood  diffusing  itself  in  the  space  between  them. 
Instead  of  a  direct  junction  of  the  divided  ends,  the  communication  is 
established  by  the  interposition  of  an  adventitious  connective-tissue 
sac.  As  a  rule,  a  traumatic  arterial  aneurism  is  the  result  of  parietal 
injury,  either  in  the  shape  of  an  open  vascular  wound  due  to  a  puncturing 
injury,  stab,  gunshot,  etc.,  or  of  contusion  of  the  vascular  walls  through 
the  intact  external  skin.     The  wall  under  these  circumstances  is  either 
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ruptured  or  injured  so  severely  that  it  undergoes  secondary  degen- 
eration. Given  a  large  vessel  with  a  lateral  wound  and  an  injury  of 
the  skin,  the  result  may  be  a  severe  hemorrhage.  In  subcutaneous 
injuries  the  extravasated  blood  may  diffuse  itself  widely  throughout 
the  tissues,  causing  a  diffuse  hematoma,  sometimes  so  extensive  and 
excessive  as  to  cause  death  from  vascular  depletion.  More  often, 
however,  the  bleeding  is  arrested  by  the  resistance  and  tension  of  the 
perivascular  tissues,  which  confine  the  blood  to  a  limited  space,  forming 
a  circumscribed  pulsating  hematoma.  This  space  is  soon  walled  off  by 
connective-tissue  formation,  consisting  at  first  of  granulation  tissue, 
which  matures  into  a  dense  connective-tissue  layer,  lined  by  newly 
formed  endothelium.  In  this  way  a  distinct  capsule  or  sac  is  formed, 
which  in  time  is  highly  differentiated  from  the  surrounding  tissues. 
This  is  the  classic  concept  of  the  adventitious  sac  as  it  is  formed  in 
the  spurious  or  traumatic  aneurisms.  On  the  other  hand,  when 
an  artery  is  contused  or  sustains  a  parietal  injury  only,  when  the 
eschar  forms  in  the  case  of  a  contusion,  or  when  the  hemorrhage 
occurs  at  the  time  of  perforation,  the  opening  in  the  artery  is  provision- 
ally closed  by  a  blood-plate-fibrin  thrombus.  The  parietal  thrombus 
soon  yields  to  the  blood-pressure,  it  stretches  and  is  thinned  out,  adopting 
the  form  of  a  sac  as  it  is  forced  against  the  perivascular  tissues  by  the 
expansile  force  of  the  blood-stream.  This  mode  of  thrombotic  saccular 
formation  in  traumatic  aneurism  was  first  revealed  by  the  researches 
of  Rose  and  his  assistant,  Hain. 

Arteriovenous  Aneurisms* — These  are  sufficiently  important  to 
deserve  separate  consideration.     (See  p.  290.) 

Form  (Morphology  of  the  Sac). — According  to  the  form,  aneurisms 
are  classified  into — (1)  cylindric;  (2)  fusiform;  (3)  sacciform. 

The  fusiform  or  spindle-shaped  aneurisms  are  found  most  frequently 
in  the  great  arteries  at  the  root  of  the  heart,  the  aortic  arch,  the  thoracic 
and  abdominal  aorta,  innominate,  subclavian,  common  carotid,  and  com- 
mon iliacs.  They  are  most  frequent  in  these  localities  because  of  the 
great  thickness  of  their  coats,  forming  a  good  nidus  for  infections,  either 
through  the  intima  or  through  the  vasa  vasorum,  because  the  anatomic 
configuration  and  position  as  well  as  proximity  to  the  heart  subject 
them  to  greater  strain  in  consequence  of  the  great  volume  of  the  blood- 
stream. They  also  receive  less  support  from  the  perivascular  tissues 
than  the  arteries  of  the  extremities,  which  are  protected  by  powerful 
aponeurotic  sheaths  as  well  as  masses  of  perivascular  muscular  and 
tendinous  structures.  While  the  aneurismal  process  is  essentially 
initiated  by  diseased  conditions  of  the  arterial  coats,  there  is  usually 
an  element  of  indirect  traumatism  brought  about  by  variations  in  the 
arterial  tension  which  favor  the  localization  and  development  of  aneu- 
rismal dilatation.  While  the  fusiform  type  of  aneurism  is  apparently 
restricted  to  the  arteries  of  the  first  magnitude,  according  to  classic 
tradition,  it  is  also  present  and  perhaps  more  often  than  the  sacciform 
in  the  extremities. 

The  sacculated,  saccular,  or  sacciform  aneurisms  receive  their  names 
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from  their  pouch-like  appearance,  as  the  name  suggests.  They  form  at 
the  expense  ot  the  walls  of  the  artery  in  a  limited  area  of  its  periphery, 
leaving  the  outline  of  this  part  of  the  vessel  well  defined  and  uninter- 
rupted, forming  a  collar  or  neck  at  the  point  where  they  are  con- 
nected. We  may,  therefore,  speak  of  sacculated  sacs  as  peduncu- 
lated aneurisms  in  which  the  attached  portion  represents  a  pedicle 
of  variable  dimensions  according  to  the  breadth  of  its  attachments  at 
the  side  of  the  orifice  which  connects  it  with  the  lumen  of  the  vessel. 

The  form  assumed  by  the  sac  in  the  process  of  development,  as 
well  as  its  relations  to  the  parent  trunk,  depend  upon:  (1)  The  original 
starting-point  of  the  lesion  or  site  of  the  injury  in  the  arterial  wall 


1  2  3  4 

Fig.  71. — Transformation  of   a  Primary   Sacciform  (Single  Opening)  into  a  Fusiform  Sac 

with  two  Openings  Leading  to  the  Main  Trunk. 
The  constant  backward  pressure  upon  the  artery*  leads  to  the  stretching  of  the  vessel,  with  elongation 
of  the  orifice  until  it  is  gradually  made  to  appear  as  a  double  opening.  , 

which  serves  as  a  basis  for  the  aneurismal  dilatation.  It  may  begin 
in  any  part  of  the  circumference  of  the  vessel,  anteriorly,  posteriorly, 
laterally,  or  circumferentially,  according  to  the  primary  seat  or  extent 
of  the  lesion;  (2)  the  development  of  weak  spots  in  the  primary  sac 
after  it  has  formed,  the  sac  yielding  always  at  the  weakest  point; 

(3)  the  variable  resistance  of  the  peri-aneurismal  tissues,  the  sac  devel- 
oping (other  conditions  being  equal)  along  the  lines  of  least  resistance; 

(4)  the  direction  of  the  blood-stream  or  current  in  the  sac,  that  part 
dilating  most  which  receives  the  most  direct  impact  of  the  systolic 
wave. 

Adaptation  to  Surroundings. — The  sac  in  the  process  of  formation 
therefore  adapts  itself  to  its  surroundings,  and  the  original   bipolar 
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or  spindle-shaped  outline  of  the  typical  fusiform  sac,  for  example,  is 
lost,  the  tumor  rotating  upon  its  polar  and  equatorial  axes  as  it  meets 
resisting  planes  which  change  the  direction  and,  consequently,  the 
force  of  the  blood-stream  from  one  point  to  another  in  the  interior  of 
the  sac.  If  a  fusiform  (pathologic)  aneurism  develops  in  the  peripheral 
arteries  of  the  extremities,  it  meets  with  the  resistance  of  the  skeleton 
and  the  aponeurotic  and  other  unyielding  tissue  planes,  as  in  the  groin 
(the  pubic  plane),  in  the  popliteal  space  (the  posterior  intercondyloid 
and  tibial  planes),  in  the  neck  (the  anterior  vertebral  plane) — which 
cause  the  original  ovoid  sac  to  flatten  on  the  side  which  meets  with  the 
greatest  resistance.  It  then  develops  progressively  into  a  saccculated 
pouch  in  the  opposite  direction,  i.  e.y  where  it  meets  with  the  least 
resistance.  It  is  evident  from  this  that  the  classic  teachings  that 
fusiform  aneurisms  are  not  common  in  the  extremities  is  true  only  as  to 
the  form  of  the  sac  when  taken  in  a  literal  sense,  experience  showing 
that  the  sacs  which  begin  originally  as  fusiform  swellings,  with  a 
bipolar  formation,  are  more  often  found  in  the  extremities  than  in  the 
central  vessels. 

In  34  peripheral  aneurisms,  of  which  55  per  cent,  were  popliteal,  operated  upon 
by  Matas'  intrasaccular  method,  23  were  fusiform  and  11  sacciform.  It  is  well 
known,  on  the  other  hand,  that  two-thirds  of  aortic  aneurisms  are  of  the  sacciform 
type. 

The  Form  of  the  Sac  Not  a  Guide  as  to  the  Extent  of  the  Arterial 
Disease. — It  is  also  an  error  to  believe  that  the  entire  circumference 
of  the  artery  is  diseased  when  an  aneurism  assumes  a  fusiform  shape, 
or  that  the  artery  is  only  partially  diseased  in  those  of  the  sacciform 
type.  Many  fusiform  aneurisms  assume  a  sacciform  shape  solely  as  a 
consequence  of  their  environment  and  not  as  a  result  of  the  relative 
soundness  or  disease  of  the  arterial  parietes.  On  the  other  hand,  it 
does  happen  quite  frequently  that  aneurisms  which  begin  as  typical 
bulgings  or  pouches  at  the  site  of  well-defined  and  circumscribed  lesions 
of  the  arterial  wall  (punctured,  gunshot,  or  other  exclusively  traumatic 
aneurisms)  ultimately  assume  a  fusiform  type.  The  original  narrow 
neck  of  the  sac  will  gradually  stretch  as  the  result  of  flexion  or  extension 
of  the  limb;  a  curve  or  bend  in  the  long  axis  of  the  artery,  etc. — and 
dilate  until  the  orifice  enlarges  to  the  length  of  the  longest  diameter  of 
the  sac;  the  partition  or  Speron  (spur)  which  originally  separated  the 
cavity  of  the  aneurism  from  the  lumen  of  the  artery  is  absorbed  or 
obliterated.  In  opening  such  sacs,  instead  of  the  one  original  opening 
or  neck,  the  interior  will  reveal  two  openings  corresponding  to  the 
inlet  and  outlet  of  the  aneurismal  pouch.  The  fact,  however,  that  the 
sac  has  assumed  the  fusiform  shape  does  not  necessarily  imply  a 
diffused  generalized  degeneration  of  the  entire  circumference  of  the 
parent  artery.  In  traumatic  and  even  some  pathologic  aneurisms,  in 
which  the  area  of  degeneration  is  circumscribed,  it  will  be  still  possible 
to  recognize  the  outline  of  the  parent  artery  in  the  interior  of  the  sac, 
as  either  a  deep  or  shallow,  gutter-like  groove,  which  extends  from  the 
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outlet  to  the  inlet  along  the  floor  of  the  aneurismal  sac.  When  this  is 
the  case,  it  is  possible  to  reconstruct  the  parent  artery  or  to  restore  it 
by  suturing  the  sac-walls  over  the  groove  in  a  continuous  suture  from 
one  orifice  to  the  other,,  with  greater  probability  of  permanent  success 
than  when  this  procedure  is  adopted  in  fusiform  aneurisms  in  which 
there  is  no  visible  relic  of  the  parent  trunk  in  the  sac. 

Relation  of  the  Sac  to  the  Parent  Artery. — The  direction  and 
impact  of  the  blood-stream  (coup  de  b£lier  (ram)  of  the  French  writers) 


Fia.  72. — The  Course  of   Blood  in    Aneurism.     (Ballance  and  Edmunds.) 
The  blood  is  supposed  to  enter  on  the  left;  it  then  passes  straight  across  the  aneurism  to  the 
opposite  opening  or  outlet;  part  of  the  blood  escapes  directly  out  of  the  sac  in  this  way,  the  rest 
returns  in  eddies  around  the  sides;   the  arrows  and  circles  represent  the  varying  courses  which 

ELrticles  suspended  in  water  can  be  seen  to  take  in  a  hollow  glass  sphere  used  in  the  experiment; 
ter  they  reenter  the  central  stream.  Close  to  the  surface  of  the  aneurism  are  very  small  eddies. 
The  only  effect  of  making  the  inlet  tube  extend  in  the  center  of  the  aneurism  is  to  make  the  fluid 
behind  the  entrance  more  stagnant.  In  living  aneurisms  the  direction  of  the  blood-stream  in  the 
sac  will  be  determined  largely  by  the  fixed  longitudinal  axis  of  the  artery  at  the  inlet,  the  greatest 
distention,  expansile  pulsation,  and  final  rup  ure  taking  place  at  that  part  of  the  sac  opposite  the 
inlet.  The.  diagram  is  utilized  solely  to  show  that  in  the  peripheral  parts  of  the  stream  the  fluid 
becomes  more  stagnent  in  the  smaller  and  larger  eddies  and  is,  therefore,  more  favorable  for  the 
formation  of  clot.  Apart  from  this  general  fact,  the  conditions  represented  in  a  hollow  glass  sphere 
do  not  reproduce  those  which  occur  in  living  aneurisms  in  whicn  the  walls  are  not  rigid  and  the 
form  of  the  sac  is  extremely  variable,  rarely  symmetric,  and  in  which  the  positions  of  the  inlet 
and  outlet  are  also  most  variable  and  eccentric. 


is  the  most  powerful  factor  in  determining  the  alterations  observed  in 
the  form  of  the  sac;  far  more  important  than  the  resistance  of  the  peri- 
vascular tissues,  as  is  well  illustrated  in  the  thoracic  aortic  aneurisms, 
which  erode  and  perforate  the  sternum  and  ribs  when  the  systolic  dis- 
tention of  the  sac,  due  to  direct  impact  of  the  blood-stream,  is  directed 
against  the  osseous  walls  of  the  chest.  In  the  popliteal  space  an 
aneurism  may  bore  its  way  into  the  knee-joint  in  spite  of  the  extreme 
resistance  and  toughness  of  the  posterior  ligament  of  the  joint.  But 
this  only  happens  when  the  proximal  pole  of  the  artery  is  fixed  or  per- 
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manently  held  in  place  by  peri-arterial  adhesions,  which  do  not  permit 
it  to  adapt  itself  to  the  varying  resistance  of  the  surrounding  tissues. 

Rotation  of  the  Aneurismal  Sac. — By  the  different  changes  observed 
in  the  form  of  the  sac  as  result  of  adaptation  to  surroundings,  the  rela- 


Fio.  73. — Studies  in  the  Rotation  op  Aneurismal  Sacs.     Anteroposterior  View  op  Series. 

Popliteal  aneurism  at  bend  of  knee.     The  afferent  trunk  lies  on  the  knee  side  (ventrad);  the  efferent 

ascends  on  the  dorsal  side  (dorsad)  (proximal  to  the  operator). 

tions  of  the  main  artery  to  the  sac  may  also  be  notably  altered  as  the 
aneurismal  dilatation  progresses.  Thus,  in  an  originally  fusiform  sac, 
the  terminal  bipolar  implantation  of  the  afferent  and  efferent  trunks 
mav>  by  a  gradual  process  of  actual  rotation,  be  displaced  from  the 


Fio.  74. — Studies  in  the  Rotation  op  Aneuribmal  Sacs.     Lateral  View. 
Backward  rotation  in  a  popliteal  aneurism  at  the  bend  of  the  knee;  the  afferent  trunk  lies  on 
the  joint  side  progressively,  descending;  the  efferent  trunk  progressively  ascends  on  the  dorsal 
(cutaneous)  side  (proximal  to  the  operator). 

polar  to  the  equatorial  diameter  of  the  sac,  thus  accounting  for  the 
eccentric  and  unexpected  position  of  the  main  orifices  in  the  interior 
of  the  sac  when  this  is  opened.  The  relation  of  the  sac  and  the  dragging 
of  its  attachments  from  an  original  polar  implantation  to  other  points 
of  the  aneurismal  spheroid  has  only  come  clearly  to  light  since  the 
vol.  v — 15 
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frequent  application  of  Matas'  method  of  intrasaccular  suture,  as 
giving  better  opportunities  for  the  study  of  the  relations  of  the  sac  to 
the  parent  vessel.  The  anatomic  data  thus  obtained  have  a  practical 
bearing  on  the  operative  surgery  of  aneurisms,  because,  without  a 
knowledge  of  the  probability  of  aneurismal  rotation  or  transposition  of 
the  orifices,  the  operator  may  readily  cut  into  the  nutrient  or  parent 
trunk  as  it  lies  embedded  on  the  surface  of  the  aneurism  right  in  the 
path  of  the  knife.  A  knowledge  of  these  facts  will  also  avoid  a  long 
and  disappointing  search  for  the  nutrient  orifices  which  is  reported  by 
several  operators,  who,  expecting  to  find  these  orifices  at  the  so-called 
classic  points  of  attachment,  i.  e.,  at  each  pole  of  the  sac,  are  surprised 
to  find  them  in  the  roof  of  the  sac  or  other  eccentric  or  unexpected  sites. 
Sometimes,  in  ignorance  of  the  possibilities  of  rotation  and  eccentric 
implantation  of  the  main  artery,  the  search  for  these  orifices  in  the 
interior  of  the  sac  has  been  abandoned,  and  instead  of  suturing  the 
orifices  with  the  sac  as  should  be  done,  the  parent  trunk  has  been  sought 
and  ligated  above  and  below  the  sac  after  considerable  dissection  and 
traumatism,  thus  defeating  one  of  the ,  prime  objects  of  the  intra- 
saccular method,  which  is  to  economize  trauma  and  to  secure  all  bleeding 
points  within  the  sac  itself.     (See  Treatment  of  Aneurisms.) 

In  addition  to  the  three  fundamental  types,  the  cylindric,  fusiform, 
and  sacciform,  the  sac  may  also  be  multilocular  or  rnultisaccular,  if 
secondary  dilatations  and  pouches  result  from  the  yielding  of  the  primary 
sac  at  weaker  points.  A  fusiform  sac  may  also  present  a  series  of 
constrictions  indicating  the  various  points  where  a  series  of  peripheral 
dilatations  have  fused  with  each  other,  forming  a  bipartite,  tripartite, 
or  multilocular  sac.  A  fusiform  sac  may  also  assume  an  hour-glass 
shape,  the  narrow  neck  constricting  both  proximal  and  distal  pouches, 
representing  the  constriction  caused  by  the  passage  of  the  aneurismal 
trunk  through  an  opening  in  unyielding  tissues.  A  most  striking 
illustration  of  this  hour-glass  type  was  recently  presented  by  Reichel, 
who  extirpated  a  femoral-popliteal  aneurism,  which  was  divided  in 
the  manner  above  described  into  two  compartments  as  it  passed  through 
the  tendinous  foramen  of  the  adductor  magnus,  one-half  of  the  aneurism 
developing  in  Hunter's  canal  and  the  other  in  the  popliteal  space. 

The  rotation  of  the  sac  and  the  greatest  alteration  in  the  form  of 
the  aneurism  are  observed  with  greatest  frequency  in  those  regions  in 
which  the  main  artery  is  the  most  subject  to  disturbance  from  the 
proximity  to  the  joints.  Hence  the  greater  frequency  of  anomalies  of 
configuration  in  the  aneurisms  in  the  popliteal  space  and  in  the  groin. 
It  is  also  in  consequence  of  the  frequent  exaggeration  in  the  normal 
flexion  and  extension  of  the  movements  of  the  knee  that  the  popliteal 
artery  is  the  most  frequent  seat  of  aneurism  in  the  periphery  of  the 
body;  the  physiologic  trauma  caused  by  forcible  stretching  (in  athletes 
and  the  laboring  classes  particularly)  in  exaggerated  tension,  con- 
tributing no  doubt  to  the  localization  of  the  aneurismal  disease  most 
frequently  in  this  part  of  the  body  when  arteriosclerotic  or  degenerative 
conditions  of  the  vessel  walls  prepare  the  ground  for  the  trauma. 
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Classification  of  Sacs  for  Surgical  Purposes. — In  view  of  the 
variability  and  inconstancy  of  the  form  of  the  sac,  the  older  classifica- 
tion, based  upon  the  external  appearance  or  form  of  the  aneurism,  is 
no  longer  available  for  the  needs  of  the  modern  surgeon.  Furthermore, 
since  the  object  of  the  surgeon,  in  operating  directly  upon  an  aneurism 
by  the  intrasaccular  method,  is  to  disturb  the  sac  from  its  surroundings 
as  little  as  possible,  in  order  to  spare  the  collateral  circulation  to  the 
fullest  extent,  the  dissection  of  the  sac  (which  alone  would  permit 
a  differentiation  of  types  by  their  external  form)  is  not  permissible. 
It  is  best  for  surgical  purposes  to  differentiate  the  fundamental  types 
of  aneurisms,  not  by  their  outward  form,  for  they  cannot  be  exposed 
to  view,  but  by  the  number  of  orifices  which  connect  them  with  the  parent 
artery.  These  are  recognized  only  after  opening  the  sac.  We 
would  call  fusiform  aneurisms  all  those  in  which  there  are  two  distinct 
orifices  of  communication  with  the  parent  trunk,  representing  the 
inlet  and  the  outlet  of  the  aneurism  and  corresponding  to  the  proximal 
and  distal  poles  of  the  original  sac.  The  sacciform  aneurisms  are  those 
in  which  the  sac  is  connected  with  the  lumen  of  the  parent  vessel  by  a 
single  direct  orifice  through  which  the  blood  flows  in  and  out  of  the 
sac.  When  this  type  of  sac  is  opened,  its  interior  will  reveal  either 
a  single  circular,  ovoid,  or  elongated  opening  leading  to  the  main 
artery.  As  the  sac  has  grown  as  an  offshoot  of  the  main  artery  and  is 
grafted,  as  it  were,  on  it,  the  outline  of  the  parent  trunk  is  preserved 
almost  in  its  totality  as  a  deep  groove  or  gutter  leading  from  one  orifice 
to  another.  By  approximating  the  edges  of  this  single  opening  or 
longitudinal  fissure  the  communication  of  the  artery  with  the  sac 
is  completely  obliterated  without  interrupting  the  continuity  of  the 
vessel  or  obstructing  its  lumen  (restorative  aneurismorrhaphy).  In 
fusiform  aneurisms  the  orifices  can  be  obliterated  by  suture  without 
interrupting  the  continuity  of  the  main  artery  for  a  distance  equal  to 
the  length  of  the  space  intervening  between  them. 

External  Surface ;  Collateral  Branches. — The  external  surface 
of  a  dissected  sac  will  show  a  number  of  collateral  branches  of  variable 
size  and  number,  corresponding  in  a  general  way  with  the  branches 
given  off  normally  by  the  artery  in  the  aneurismal  segment.  Other 
branches  not  clinically  recognizable  as  normal  branches  may  also 
develop  from  small  undeveloped  trunks  which  assume  collateral  func- 
tions as  the  growth  of  the  aneurism  progresses.  Many  of  the  branches 
opening  into  the  sac  will  be  found  functionless  and  plugged  with  thrombi, 
especially  in  old  aneurisms  in  which  the  inner  walls  have  become 
plastered  with  many  layers  of  laminated  clot.  Though  many  of  these 
collaterals  are  obliterated  in  the  sac,  they  anastomose  with  each  other 
and  with  the  vessels  above  and  below  the  aneurism  in  such  a  manner 
that  a  continuous  extra-aneurism al  circulation  is  maintained,  even 
though  all  the  branches  immediately  opening  into  the  sac  may  ulti- 
mately become  plugged  and  functionless.  This  fact  has  important 
bearing  in  the  surgical  treatment  of  aneurism,  because  the  destruction 
of  these  peri-aneurismal  anastomosing  branches  involves  great  risk  to 
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the  limb  whenever  the  circulation  in  the  aneurism  is  interrupted  by 
extirpation  of  the  sac  or  its  obliteration  by  suture.  Hence,  again,  the 
important  injunction  to  disturb  the  peri-aneurismal  tissues  as  little 
as  is  consistent  with  the  mere  opening  of  the  sac.  Whenever  it  happens 
that  the  aneurismal  sac  (popliteal,  for  example)  becomes  partially 
or  completely  obliterated  by  the  formation  of  a  laminated  clot,  the 
anastomotic  network  which  originates  directly  from  the  sac  may 
become  functionally  useless,  and  gangrene  of  the  distal  parts  will  occur 
spontaneously  and  without  surgical  intervention.  If  the  peri-aneuris- 
mal network  is  well  developed,  even  though  the  sac  be  plugged,  including 
all  the  collateral  vessels  originating  from  it,  spontaneous  cure  will  follow 
without  detriment  to  the  peripheral  circulation.  On  the  other  hand, 
the  perviousness  and  activity  of  the  collaterals  which  originate  or  open 
in  the  sac  itself  also  account  for  the  frequency  of  relapse  when  only  the 
main  trunk  is  ligated  above  the  sac,  as  in  the  Hunterian  or  Anel  operation. 
It  should  be  remembered  also  that  in  fusiform  aneurism  a  much  larger 
segment  of  the  artery  is  involved  at  the  seat  of  the  aneurism  than  in 
those  of  the  sacciform,  type  which  do  not  involve  the  entire  circumfer- 
ence of  the  artery.  Hence,  the  prognosis,  from  the  point  of  view  of  the 
vitality  of  the  distal  parts,  is  better  in  sacciform  aneurisms,  especially 
as  these  can  be  readily  obliterated  without  interrupting  the  continuity 
of  the  blood-stream.  Hence  again  the  importance  of  treating  fusiform 
aneurisms  with  the  least  interference  of  the  peri-aneurismal  circulation. 

Contents  of  the  Sac. — When  an  aneurism  is  first  formed,  the  sac 
contains  only  fluid  blood.  As  it  develops,  the  circulation  in  the 
periphery  of  the  current  becomes  less  active,  especially  in  those 
parts  where  the  elasticity  of  the  vessel  is  totally  lost  and  where 
the  systolic  impulse  is  less  felt.  In  this  way  blood  stasis  is  favored  and 
followed  by  the  coagulation  of  blood-plates  and  leukocytes  in  the 
more  stagnant  areas,  leading  to  the  liberation  of  fibrin  ferment 
and  the  precipitation  of  fibrin.  A  plate-fibrin  thrombus  is  thus 
formed  which  is  deposited  in  stratified  superimposed  layers,  constituting 
the  active  or  laminated  clot  of  Broca.  This  stratified  laminated  white 
clot  becomes  partially  adherent  to  the  sac-wall,  and  as  the  aneurism 
grows  older  may  become  organized  and  permanently  adhere  to  the 
sac-wall  as  a  pseudo membrane;  the  organization  never  being  complete, 
however,  but  still  appreciable  in  many  cases  of  obliterated  aneurism 
in  which  the  clot  has  been  invaded  by  fibroblasts  and  angeioblasts  from 
the  adventitia  or  perivascular  connective  tissue.  Usually  the  blood- 
stream finds  its  way  between  the  lamellae  and  interferes  with  their 
organization,  except  in  the  primitive  or  oldest  layers.  In  favorable 
conditions  the  white  clot  will  be  deposited  in  concentric  layers  until 
the  sac  is  filled  in  its  totality,  thus  excluding  the  blood-stream  and 
spontaneously  curing  the  aneurism.  Or  it  may  fill  up  the  sac  circum- 
ferentially,  leaving  only  a  middle  channel  from  the  inlet  to  the  outlet 
of  the  sac,  thus  virtually  rendering  the  aneurism  inert,  the  clot  being 
merely  canalized  for  the  passage  of  the  blood-current. 

Usually,    when   an    aneurismal    sac  is  opened,    it    contains  fluid 
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blood  with  a  mixture  of  white  laminated  and  red  or  "cruoric" 
clot,  the  passive  clot  of  Broca,  which  cannot  be  distinguished  from 
an  ordinary  extravascular  coagulum.  The  difference  between  the 
two  varieties  of  clot  is  that  the  white  thrombus  consists  of  fibrin, 
blood-plates,  and  leukocytes,  with  a  few  erythrocytes  tangled  in 
the  fibrin  network;  while  the  red  clot  is  made  up  of  all  the  elements 


Fig.  75. — Diagrams  Showing  the  Process  or  Growth  of  the  Aneurism  and  the  Mode  of 
Deposition  or  a  Clot  Within  it.  (Ballance  and  Edmunds.) 
A,  the  first  stage  of  aneurism.  It  is  a  simple  sac  (w)  filled  with  laminated  clot  (a).  The 
space  (x)  between  the  wall  and  the  clot  contains  fluid  blood  and  is  in  communication  with  the 
main  vessel.  B  and  C,  the  second  stage.  Th  portion  of  the  clot  first  deposited  is  marked  a,  the 
later  6;  as  the  aneurism  extends  by  pressure  of  the  blood,  the  clot  (a)  is  pushed  further  away  from 
the  mouth  of  the  aneurism  and  a  more  recent  clot  is  deposited  beneath  it,  as  seen  in  C;  or  the  clot 
(a)  may  become  situated  on  one  side  in  consequence  of  the  unequal  extension  of  the  sac,  as  seen  in 
B.  D  shows  a  yet  further  stage:  a,  b,  and  w  as  before,  but  the  space  (xxt)  has  become  much  en- 
larged from  the  pressure  of  the  fluid  blood  within  it.  which  is  in  communicat  on  witli  the  blood  in  the 
artery.  The  fluid  pressure  is  in  all  directions  as  shown  by  the  arrows,  but  the  direction  of  the  growth 
is  modified  by  the  resistance  of  surrounding  structures.  By  this  process  the  clot  (a)  has  been  left  in 
this  case  in  the  center  of  the  aneurism,  and  a  new  layer  of  clot  (c)  has  been  deposited  on  the  inner 
side  of  the  wall  (uO. 


of  the  blood,  including  fibrin.  Usually  there  is  a  gradual  transition 
from  the  laminated  stratified  clot  to  the  red  clot.  The  white  clot 
is  adherent  to  the  walls,  where  it  becomes  dry,  firm,  and  compressed. 
Toward  the  mouth  of  the  sac  it  becomes  softer  and  moister  and  of  a 
reddish  color,  while  that  in  contact  with  the  blood-stream  resembles 
ordinary  soft  red  clot.  The  relative  proportion  of  white  clot  in  the  sac 
is  dependent  upon  several  causes,  chiefly  upon  the  age  and  form  of  the 
sac  and  the  activity  of  the  blood-current  within  it.      The  sacciform 
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aneurism  with  a  narrow  neck  has  the  most  sluggish  circulation  and 
favors  most  the  formation  of  the  clot.  In  some  old  sacs  or  those  which 
have  been  cured  spontaneously,  the  stratified  white  clot  is  arranged  in 
concentric  layers  which  suggest  the  appearance  of  a  cut  onion  (Fig.  75). 
In  some  of  the  old  obliterated  aneurisms  the  clot  undergoes  calcareous 
and  other  degenerative  changes  (sometimes  forming  thromboliths), 
but  this  occurs  much  less  frequently  than  in  the  thrombi  of  varicose 
veins.  When  the  circulation  is  suddenly  arrested  in  an  arterial  aneurism, 
the  blood  coagulates  and  the  sac  is  filled  with  a  soft  red  passive  clot, 
which  breaks  up  very  easily,  often  forming  emboli,  which  find  their 
way  into  the  distal  artery,  causing  gangrene  or  other  peripheral  dis- 
turbances in  the  circulation. 

The  relation  of  the  white  to  the  red  clot  has  been  a  subject  of  much  controversy. 
While  the  primitive  fibrinous  layers  are  deposited  in  the  interior  of  the  sac  as  the 
result  of  conglutination  of  blood-plates  and  leukocytes,  the  transition  or  transfor- 
mation of  the  red  clot  into  the  white  is  not  so  apparent.  Without  entering  into  the 
details  of  the  controversy,  it  would  not  appear  at  all  incompatible  with  our  knowl- 
edge of  coagulation  that  the  red  clot  in  the  course  of  time  would  lose  its  color  by 
absorption  of  the  hematin  and  its  fibrin  remain  stratified  in  concentric  layers  as  the 
more  active  current  receded  from  the  periphery  of  the  sac.  The  view  that  the  red 
and  white  clot  were  altogether  distinct  in  their  origin  was  especially  upheld  by  the 
older  surgeons  and  pathologists,  and  even  lately  so  eminent  an  authority  as  Stimson 
(1891)  regards  the  transformation  of  one  into  the  other  as  highly  improbable.  On 
the  other  hand,  Richet,  Lefort,  Boinet,  Hayem,  Ballance  and  Edmunds,  and  prob- 
ably the  vast  majority  of  modern  writers  support  the  transformation  theory. 

Evolution  of  the  Sac  and  its  Effects  upon  the  Peri-aneurismal 
Tissues  (Pressure  Effects). — As  the  sac  develops,  a  series  of  changes 
in  the  peri-aneurismal  tissues  are  instituted  which  in  time  add  seriously 
to  the  burdens  of  the  original  disease.  These  pressure  effects  are 
manifested  by  a  chronic  type  of  irritative  cellulitis,  in  which  the  con- 
nective tissue  in  the  vicinity  of  the  aneurism  proliferates  and  fuses 
with  the  outer  coat  of  the  sac,  becoming  condensed  and  sclerotic  by 
gradual  hyperplasia.  In  this  sclerogenic  process  are  also  involved 
the  surrounding  lymphatics,  veins,  and  nerves,  which  become  stretched, 
flattened,  thinned,  and  altered  by  progressive  distention.  The  veins 
in  contact  with  the  sac  become  in  many  advanced  cases  obliterated 
by  a  plastic  phlebitis,  the  lymphatics  also  and  the  traumatized  nerves 
undergo  interstitial  neuritis,  manifested  symptomatically  by  peripheral 
neuralgias,  paresthesias,  and  trophic  disturbances  in  the  distal  parts. 
Edema  of  the  extremities  likewise  results  from  interference  wTith  the 
venous  and  lymphatic  circulation.  The  bones  undergo  absorption  and 
erosion  as  a  result  of  progressive  osteoporosis  and  decalcination. 

A  most  important  effect  upon  the  arterial  collateral  circulation  in 
the  immediate  vicinity  of  the  aneurism  is  also  exercised  by  the  con- 
stantly growing  sac.  This  is  especially  important  in  the  popliteal 
region,  where  the  overlying  aponeurosis  offers  great  resistance  to  the 
expansion  of  the  sac.  Here  the  peri-aneurismal  tissues  are  displaced 
and  laterally  crowded  en  masse  toward  the  unyielding  condyles  and  the 


ANEURISM.  231 

osseous  insertions  of  the  hamstrings,  gastrocnemius,  and  soleus,  which 
form  the  lateral  boundaries  of  the  space.  The  more  yielding  veins  and 
lymphatics  are  the  last  to  feel  the  effect  of  the  compression  exercised 
by  the  growing  sac,  then  the  peripheral  collateral  arteries,  and  lastly 
the  nerves.  It  is  easy  to  conceive  that  in  advanced  cases,  when 
the  tumor  occupies  the  center  of  the  popliteal  space  immediately 
behind  the  knee.-joint,  that  not  only  locomotion  should  be  impeded, 
but  that  the  arterial  supply  of  the  leg  and  foot  should  be  much 
impaired.  In  fact,  the  circulation  of  the  distal  parts  is  then  dependent 
almost  exclusively  upon  the  continuity  of  the  blood-stream  through 
the  aneurism  itself.  Any  accidental  condition  or  obstructive  inter- 
ference which  will  bring  about  an  obliteration  of  the  main  artery  or  of 
the  aneurism,  such  as  sudden  displacement  of  a  thrombus  or  a  general 
clotting  of  the  sac  contents  by  a  ligature,  and  will  end  in  gangrene  of  the 
peripheral  parts.  This  is  the  great  danger  which  attends  all  methods 
'  of  proximal  compression.  The  ideal  treatment  is  reached  when,  in 
addition  to  the  immediate  relief  of  tension,  the  continuity  of  the  main 
artery  as  well  as  the  compressed  collaterals  is  obtained. 

In  the  central  organs,  the  thoracic  and  abdominal  cavities  especially, 
"  where  aortic  aneurisms  obtain  their  largest  size,  the  sac  in  its  growth 
displaces  the  neighboring  organs,  contracting  adhesions  with  the  sur- 
rounding parts.  The  hollow  organs,  the  trachea,  bronchi,  esophagus, 
stomach,  the  great  veins,  the  cavae,  the  pulmonary  artery,  the  auricles 
and  ventricles  of  the  heart,  and  the  thoracic  duct  are  encroached  upon, 
the  compression  ending  by  melting  away  the  intervening  partition  and 
rupturing  into  the  other  organs  or  splanchnic  cavities  and  thus  bringing 
about  a  fatal  termination  by  hemorrhage,  which  may  appear  as  a  profuse 
hemoptysis,  hematemesis,  or  as  a  concealed  hemopericardium,  hemo- 
thorax, hematorrachis,  etc.  When  the  large  veins  are  perforated, 
pathologic  arteriovenous  aneurisms  are  formed  which  cause  great 
circulatory  disturbances  from  the  rapid  fall  of  the  blood-pressure  on  the 
arterial  side  as  the  aorta  empties  itself  into  the  veins.  If  the  fistulous 
communication  is  not  very  large,  a  temporary  adaptation  to  con- 
ditions will  occur  which  may  be  tolerated  for  a  time  just  as  con- 
genital malformations  of  the  cardiac  septa  are  fairly  well  tolerated  for 
a  time  in  early  life. 

In  the  thoracic  and  abdominal  aneurisms  the  compression  of  import- 
ant nerves  (pneumogastric,  phrenic,  sympathetic,  recurrent  laryngeal, 
intercostals)  gives  rise  to  a  series  of  reflex  and  referred  pains  which, 
when  properly  interpreted  by  the  clinician,  not  only  reveal  the  presence 
of  an  aneurism,  but  its  progress  as  well. 

Terminations. — A  few  and  very  rare  aneurisms  have  been  recorded 
in  the  literature  which  showed  no  tendency  to  grow  or  develop.  In 
some  of  these  the  sac  has  clotted,  leaving  a  central  channel  for  the 
passage  of  the  blood.  They  have  continued  indolent  and  latent,  some- 
times for  a  period  of  fifteen  to  twenty  years  (Broca).  In  the  end,  how- 
ever, accidental  conditions  have  always  caused  them  to  return  to 
activity,  compelling  active  measures  for  their  control  or  removal. 
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The  natural  tendency  of  an  aneurism  is  to  dilate  and  finally  to  rup- 
ture, either  by  gradual  weakening  of  its  walls  or  by  ulceration  into 
a  natural  adjoining  cavity  or  through  the  skin.  As  it  approaches  the 
surface  the  skin  becomes  tense,  adherent,  inflamed,  and  may  ulcerate 
and  become  gangrenous.  The  inflammatory  process  outside  of  the  sac 
has  been  thought  to  favor  coagulation  of  the  blood  within  it,  and  thus 
lead  to  a  temporary  or  even  a  permanent  arrest  of  the  disease,  but, 
ordinarily,  free  hemorrhage  follows  the  rupture  and  requires  extreme 
measures  for  its  arrest,  if,  indeed,  arrest  is  possible. 

The  most  favorable  possible  termination  is  its  spontaneous  cure  by 
coagulation  of  the  blood  within  it.  The  conditions  which  provoke  or 
favor  this  occurrence  may  be  classified  under  three  heads:  (1)  Those 
which  favor  clotting  in  the  sac  by  retardation  or  arrest  of  the  current 
through  it;  (2)  those  which  increase  the  coagulability  of  the  blood; 


Fig.  76. — Spontaneous  Cure  op  Femoral  Aneurism.     (Ballanoe  and  Edmunds.) 

(3)  those  which  provoke  coagulation  through  changes  in  or  about  the 
walls  of  the  sac  (Stimson).  All  these  may  be  briefly  summarized 
as  follows:  Spontaneous  recovery  takes  place  by  (1)  gradual  deposit  of 
fibrin  from  the  blood  in  a  laminated  manner  on  the  walls  of  the  sac, 
so  that  the  aneurism  is  completely  consolidated  and  subsequently,  by 
condensation  and  shrinking,  becomes  converted  into  a  small,  nodular 
mass  of  fibrous  tissue.  The  artery,  under  such  circumstances,  may 
remain  pervious  or  become  converted  into  a  fibrous  cord  as  far  as  the 
first  collateral  branch  above  and  below  the  seat  of  the  aneurism.  Such 
a  favorable  termination  may  be  brought  about  by  the  retardation  of 
the  blood-current  induced  by  (a)  the  lowering  of  the  heart's  action; 
(b)  the  pressure  of  the  aneurism  upon  the  artery  above  its  opening 
into  the  sac;  (c)  partial  blocking  of  the  mouth  of  the  sac  with  a  piece  of 
detached  coagulum;  (d)  the  impaction  of  a  piece  of  clot  in  the  artery 
below  the  mouth  of  the  sac;  (e)  the  pressure  of  another  aneurism 
or  a   tumor   upon    the   artery  above   the   sac    or   on  the  sac  itself; 
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(/)  the  aneurism  rupturing  and  the  effused  blood  compressing  the 
artery  leading  to  the  aneurism.  (2)  By  filling  of  the  sac  with 
recent  ordinary  coagulum  as  distinguished  from  the  deposit  of  old- 
standing  laminated  fibrin.  The  coagulation  of  the  blood  in  the  sac 
may  be  brought  about  by:  (a)  the  complete  blocking  of  the  mouth 
of  the  sac  by  a  piece  of  detached  clot;  or  (b)  by  the  complete  plugging 
of  the  artery  above  and  below  the  aneurism.  The  clot  may  thus  become 
organized  and  transformed  into  a  fibrous  cord.  (3)  By  the  inflamma- 
tion and  sloughing  of  the  sac  and  the  plugging  of  the  artery  above  and 
below  the  clot. 

While  there  are  so  many  ways  by  which  an  aneurism  may  be  spon- 
taneously cured,  the  event  is  nevertheless  a  very  exceptional  occur- 
rence. Boinet  has  collected  60  instances  of  verified  spontaneous  cures 
in  aortic  aneurism  alone;  but  this  mode  of  termination  is  not  legiti- 
mately to  be  expected.  Sometimes,  and  not  very  rarely,  the  sponta- 
neous cure  of  an  aneurism  may  bring  about:  (1)  Great  disturbances 
in  the  peripheral  circulation,  ending  in  gangrene  of  the  foot  and  leg  in 
popliteal  aneurisms  (whenever  all  the  collaterals  become  plugged  with 
a  thrombus) ;  death  from  intestinal  gangrene  (duodenum)  when  a  celiac 
aneurism  fills  with  clot,  blocking  up  the  collaterals  which  nourish  the 
stomach,  duodenum,  liver,  and  pancreas;  fatal  gangrene  will  also  follow 
in  the  extremities  when  an  abdominal  aneurism  close  to  the  bifurca- 
tion undergoes  spontaneous  coagulation — i.  e.,  when  it  is  cured — or 
uremia  may  follow  the  spontaneous  obliteration  of  an  aortic  aneurism 
involving  the  origin  of  both  renal  arteries  in  the  sac.  (2)  Gan- 
grene of  distal  parts  may  also  follow  compression  and  occlusion 
of  the  parent  artery  by  the  aneurism  itself.  (3)  More  often  the  sac 
ruptures,  ending  in  fatal  hemorrhage  which  may  become  manifest,  when 
the  rupture  takes  place,  in  one  of  the  hollow  organs,  esophagus,  trachea, 
bronchus,  or  remain  concealed  when  the  hemorrhage  occurs  into  one 
of  the  splanchnic  cavities.  Three-fourths  of  abdominal  aneurisms  end 
fatally  by  rupture  (Boinet).  (4)  Death  may  be  caused  by  a  series 
of  small  preliminary  extravasations  which  invade  the  surrounding 
tissues  and  bring  about  the  end  by  anemia,  exhaustion,  or  interference 
with  vital  or  important  organs.  (5)  Death  may  occur  from  asphyxia 
due  to  reflex  spasm  of  the  larynx  or  abductor  paralysis  of  the  glottis 
by  direct  compression  of  the  trachea.  (6)  By  marasmus  and  aneurismal 
cachexia  (Renon),  especially  when  the  esophagus  and  the  thoracic  duct 
are  compressed.  (7)  Infection  and  sloughing  of  the  sac,  with  sepsis 
and  secondary  hemorrhage.  (8)  By  the  formation  of  arteriovenous 
aneurisms  which  result  from  rupture  into  the  vena  cavae,  pulmonary 
artery,  and  other  thoracic  veins,  and  may  bring  about  a  fatal  syncope 
from  acute  arterial  depletion. 

Death  as  the  result  of  aneurism  may  occur  suddenly  or  rapidly, 
or  slowly  and  gradually.  Sudden  death  is  more  often  caused  by  cardiac 
syncope  due  to  acute  vascular  depletion  and  anemia  of  the  brain;  by 
angina  pectoris,  by  glottic  spasm,  caused  by  irritation  of  the  recurrent 
laryngeal   or   by   inhibition    of    both    pneumogastric   nerves.     Death 


234  SURGERY    OF    THE    VASCULAR    SYSTEM. 

may  come  rapidly  by  asphyxia  when  the  aneurism  ruptures  into  the 
trachea,  bronchi,  or  respiratory  passages;  when  it  ruptures  into  the 
pericardium,  pleurae,  peritoneum,  or  spinal  canal;  by  cerebral  embolism, 
by  pericardial  effusion,  hemorrhagic  or  otherwise,  by  progressive  slow 
compression  of  the  trachea,  or  by  compression  of  the  atrium  of  the 
cavae  or  of  the  auricles  themselves.  It  may  come  slowly  or  gradually 
by  progressive  compression  of  the  trachea  and  bronchi,  by  compression 
of  the  superior  vena  cava  or  of  the  heart  itself,  by  compression  of  the 
esophagus  or  thoracic  duct;  by  causing  pulmonary  edema  and  even 
gangrene  of  the  lungs  by  obliterating  the  vessels  at  the  hilum  or  by 
favoring  marasmus  and  pulmonary  tuberculosis  on  account  of  damage 
to  the  pneumogastrics,  which  greatly  diminish  the  resistance  of  the 
lung-tissue  to  infection. 

Effects  on  the  Circulation.— Hypertrophy  of  the  left  ventricle  of 
the  heart,  varicose  enlargement  of  veins,  obstruction  of  vessels  by 
emboli  discharged  from  the  sac,  disturbance  in  the  blood-pressure 
caused  by  compression  of  important  veins,  thus  preventing  the  blood 
from  reaching  the  auricles  and  supplying  the  pulmonary  and  general 
circulation;  edema;  anasarca  from  compression  and  damming  back  of  the 
venous  circuit  of  the  veins;  disturbances  in  the  composition  of  the  blood 
and  in  general  blood-pressure  by  the  formation  of  arteriovenous  aneu- 
risms may  follow. 
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Symptomatology. — The  signs  and  symptoms  of  aneurisms  vary 
with  their  topographic  distribution.  In  some  internal  aneurisms  the 
tumor  may  attain  full  development  and  even  rupture,  causing  death, 
and  the  diagnosis  still  remain  uncertain  until  the  existence  of  the 
aneurism  is  revealed  by  the  autopsy.  According  to  Lebert,  fully  one- 
eighth  of  thoracic  aneurisms  escape  detection  during  life  and  are  only 
revealed  after  a  fatal  hemorrhage  has  caused  death  (Boinet).  More 
often  the  attention  of  the  patient  is  attracted  to  the  seat  of  the  lesion 
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by  subjective  and  functional  symptoms  even  long  before  any  appre- 
ciable tumor  is  recognizable  externally.  In  the  peripheral  aneurisms, 
taking  the  popliteal  as  the  most  common  illustration,  the  attention 
of  the  patient  is  directed  to  the  affected  part  by  the  pain,  swelling,  and 
a  feeling  of  muscular  weakness,  sometimes  by  stiffness  of  the  joint.  On 
examination  a  swelling  is  discovered  in  the  course  of  the  main  artery. 

When  an  aneurism  forms  suddenly,  by  rupture  or  perforation  of 
an  artery,  or  in  consequence  of  a  violent  effort  or  emotion,  its  formation 
is  announced  by  a  sharp  pain  and  the  more  or  less  prompt  appearance  of 
a  tumor  if  it  is  in  an  accessible  locality.  Usually,  however,  the  aneurism 
forms  slowly  and  with  little  subjective  disturbance  in  the  incipiency, 
and  the  discovery  of  the  tumor  is  the  first  event  to  attract  attention. 

Physical  Signs. — A  tumor  of  variable  size  develops  along  the  course 
of  the  main  artery  of  the  region.  Its  surface  is  smooth  and  regular, 
ovoid  or  globular  in  shape.  On  inspection,  it  is  seen  that  the  mass 
pulsates  and  that  the  pulsations  are  synchronous  with  the  pulse.  The 
skin  over  the  tumor  is  normal  in  appearance  and  movable.  The  veins 
below  the  tumor,  on  the  distal  side,  may  be  turgid,  congested,  varicose, 
and  the  skin  in  fair  subjects  may  present  a  marbled  appearance.  As 
the  tumor  enlarges  there  may  be  marked  edema  about  the  malleoli, 
foot,  or  other  dependent  parts.  On  palpation,  the  tumor  is  found  to 
be  non-adherent  to  the  skin,  painless  to  the  touch.  By  manipulations 
it  may  be  moved  slightly  in  a  lateral  direction,  not  at  all  in  a  longitudinal 
direction  along  the  axis  of  the  artery.  It  is  soft,  compressible,  elastic 
to  the  feel  when  it  is  of  recent  formation;  hard  and  tense  when  it  is  old 
and  filled  with  clot.  The  most  notable  fact  recognized  by  palpation 
is  the  expansile  character  of  the  pulsation  in  the  tumor  itself;  that 
is,  when  the  hand  is  placed  upon  the  tumor,  it  is  felt  to  expand  in  every 
direction.  If  it  is  grasped  between  the  thumb  and  finger  or  between 
the  hands,  these  are  not  only  lifted  up,  but  pushed  apart  by  it.  In 
aneurisms  containing  much  clot,  this  expansile  pulsation  may  not  be 
so  readily  obtained,  but  when  present,  as  it  is  in  the  majority  of  cases, 
it  is  a  sign  of  the  most  convincing  character.  If  steady  pressure  is 
applied  to  the  tumor  its  size  may  be  more  or  less  diminished,  but  it 
immediately  regains  its  former  volume  when  the  pressure  is  removed. 
If  the  artery  on  the  cardiac  side  of  the  tumor  can  be  compressed,  the 
pulsation  in  the  tumor  will  gradually  diminish  and  cease  altogether, 
the  tumor  becoming  perceptibly  smaller  and  less  tense.  On  removing 
the  pressure  it  quickly  fills  again  in  two  or  three  forcible  pulsations 
and  recovers  all  its  former  characteristics.  This  reduction  in  size 
and  volume  of  the  tumor  with  arrested  pulsation — obtained  by  com- 
pressing the  main  artery — is,  of  all  the  signs  of  aneurism,  by  far  the 
most  important  and  characteristic.  When  well  marked,  it  is  pathog- 
nomonic of  the  disease.1 

1  The  eccentric,  expansile  pulsation  that  is  so  characteristic  of  aneurism  and  the 
friction  produced  by  the  eddies  and  obstruction  by  clot  in  the  aneurism  causes  a 
marked  reduction  in  the  arterial  pressure  beyond,  which  is  often  easily  recognized 
at  the  bedside,  constituting  an  important  diagnostic  symptom  (Ballance  and  Ed- 
munds, p.  532). 


236  SURGERY    OF   THE    VASCULAR    SYSTEM. 

Influence  of  Position. — If  the  limb  is  elevated,  the  pulsation  is  less 
visible,  the  tension  of  the  tumor  relaxes,  it  becomes  softer,  and  more 
compressible.  If  the  limb  is  depressed  or  lowered  vertically,  the  tumor 
beats  more  vigorously,  enlarges,  hardens,  and  is  less  compressible. 

"The  pressure  the  blood  exerts  on  the  inner  surface  of  the  sac  is 
the  same  on  every  area,  corresponding  in  extent  to  that  of  the  sectional 
area  of  the  artery  as  it  enters  the  sac.  Now,  the  area  of  the  inner  sur- 
face of  the  sac  increases  as  the  square  of  the  radius  (Holmes,  Walsham- 
Spencer).  From  these  considerations  may  be  gathered  the  amount  of 
pressure  to  which  the  wall  of  the  aneurism  is  subjected  unless  strength- 
ened and  the  area  of  its  inner  surface  lessened  by  the  clot." 

"  The  pulse  below  the  tumor  is  smaller  on  the  affected  side  than  on 
the  sound  side.  The  blood-pressure  is  also  diminished  as  compared 
with  the  sound  side;  in  some  cases,  with  little  clot  in  the  sac,  the  differ- 
ence may  be  very  slight  between  the  two  limbs.  If  a  sphygmographic 
tracing  is  taken,  it  shows  that  the  pulse  is  delayed  on  the  aneurismal 
side  and  diminished  in  force  as  well;  the  tracing  being  less  abrupt  in  its 
rise  and  more  rounded,  the  dicrotic  notch  being  less  sharp  or  absent " 
(Mahomed,  Walsham). 

On  auscultation,  with  the  ear  directly  applied  to  the  tumor,  or  by 
listening  through  a  stethoscope,  a  murmur  is  heard  which  is  synchronous 
with  the  arterial  pulse;  this  is  the  aneurismal  bruit.  It  may  vary 
considerably  in  character  in  different  cases  and  In  different  regions, 
but  it  is  usually  harsh  rather  than  a  soft  or  blowing  murmur.  It  is 
usually  limited  to  the  tumor  itself  and  rarely  propagated  beyond  it, 
along  the  arterial  tract  or  along  the  blood-current.  If  pressure  is  made 
upon  the  artery  above  the  tumor,  the  bruit  and  all  the  sounds  in  the 
aneurism  cease  with  the  arrest  in  the  pulsation.  Sometimes  a  double 
murmur  is  heard,  one  systolic  and  the  other  diastolic.  Ghauveau 
and  Marie  account  for  the  aneurismal  bruit  by  the  vibrations  of  the 
blood-stream  in  the  interior  of  the  sac  as  it  passes  from  a  narrower  to  a 
larger  channel.  The  murmur  is  loudest  at  the  point  where  the  artery 
enters  the  sac.  Vibratory  thrills,  so  characteristic  of  arteriovenous 
aneurisms,  are  extremely  rare  in  arterial  aneurisms. 

X-Ray  Examinations. — In  the  peripheral  aneurisms,  the  presence  of 
marked  arteriosclerosis  with  calcareous  change  can  be  demonstrated 
by  radiographs  which  show  diseased  arteries  as  faint  or  dark  shadows 
(linear  shadows),  corresponding  to  the  outline  of  the  vessels  (Carl 
Beck,  Imbert,  Lamy).  Old  aneurisms  with  atheromatous  and  cal- 
careous walls  or  containing  much  clot  show  as  deep  pulsating  shadows 
directly  recognizable  with  the  fluoroscope.  The  form  of  the  sac,  its 
size,  relation  with  the  afferent  and  efferent  vessel,  activity  of  its  circula- 
tion, judging  by  the  degree  of  expansion  and  the  amount  of  clot  con- 
tained in  it,  can  all  be  ascertained  by  fluoroscopic  examination.  The 
Rontgen  rays  have  been  most  valuable  in  aiding  the  early  diagnosis 
of  internal  aneurisms,  especially  those  of  the  thoracic  aorta.  Thanks 
to  this  great  help,  an  aneurism  which  is  merely  suspected  by  the  clinical 
signs  becomes  readily  demonstrable  through  the  screen.     In  examining 
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for  aneurismal  disease  the  fluoroscope  is  far  more  useful  than  the 
radiograph.  The  x-rays  not  only  aid  in  the  diagnosis  by  locating  the 
tumor,  but  also  in  the  prognosis  by  showing  the  reduction  or  increase 
in  size  of  the  tumor  in  the  course  of  the  treatment  (gelatin  injections, 
etc.).  Baetjer  (1895)  and  Krause  (1896)  have  developed  a  special 
technic  by  which  the  differential  diagnosis  can  be  better  made  between 
aneurism  and  other  mediastinal  tumors. 

The  exploration  of  the  chest  for  aneurism  by  the  x-rays,  if  it  is 
to  be  at  all  complete,  must  comprise  at  least  four  successive  views  in 
different  positions  of  the  patient:  an  anterior,  a  posterior,  a  lateral, 
and  especially  an  anterior  right  oblique,  as  insisted  upon  by  Holzknecht, 
are  indispensable.  It  is  important  that  the  patient  should  also  be 
examined  while  turning  slowly  and  standing,  in  order  that  the  thorax 
may  pass  gradually  through  the  various  phases  of  these  successive 
examinations  in  regular  order.  The  descending  portion  of  the  thoracic 
aorta  is  the  least  satisfactory  because  its  shadows  merge  so  com- 
pletely with  those  of  the  vertebral  column. 

Subjective  and  Functional  Signs. — In  the  peripheral  aneurisms, 
pains  radiating  from  the  aneurism  to  the  periphery,  numbness,  pares- 
thesias, etc.,  are  complained  of  as  the  result  of  stretching,  compression, 
and  inflammation  of  the  nerve-trunks;  edema  and  other  evidences  of 
obliterated  venous  and  lymphatic  circulation  have  already  been  referred 
to.  In  the  internal  aneurisms,  especially  the  thoracic  and  abdominal, 
many  of  the  most  typical  signs  previously  described  as  characteristic 
of  the  external  aneurisms  cannot  be  recognized  on  account  of  the 
inaccessibility  of  these  aneurisms  until  the  terminal  stages  have  been 
reached.  There  is  no  appreciable  tumor  until  late  in  the  progress  of 
the  disease.  On  the  other  hand,  a  group  of  pressure  signs  develop 
which  soon  direct  the  attention  of  the  clinician  to  the  chest,  and  with 
the  help  of  x-ray  examinations,  lead  to  comparatively  early  diagnoses. 

The  more  characteristic  signs  by  which  the  internal  and  especially 
the  thoracic  aortic  aneurisms  are  recognized  are  dulness  on  percus- 
sion over  the  region  occupied  by  the  tumor;  pulsation  transmitted  to 
the  surface  by  the  underlying  aneurism,  usually  under  the  sternum  or 
ribs;  aneurismal  bruit;  bronchial  breathing  and  other  signs  of  com- 
pression of  the  trachea,  bronchi,  or  lungs;  visible  enlargement  and 
turgidity  of  the  veins  of  the  neck  and  arm;  edema  of  the  arm  and  neck 
in  compression  of  the  superior  cava  or  innominate;  pain  referred  from  the 
level  of  the  aneurism  to  the  surface  along  Head's  zones;  or  peripheral 
neuralgia  caused  by  compression  of  the  intercostals,  especially  marked 
in  lower  thoracic  aneurisms;  reflex  pains  and  coughs  caused  by  com- 
pression of  the  recurrent  laryngeal;  laryngismus  stridulus,  dysphonia, 
or  even  aphonia,  edema  of  the  glottis,  paralysis  of  the  vocal  chords, 
usually  unilateral,  and  strident  cough,  may  be  all  grouped  as  the 
laryngeal  signs  of  thoracic  aneurism ;  vasomotor  disturbances,  unilateral 
miosis,  or  mydriasis,  and  accelerated  cardiac  action  result  from  com- 
pression of  the  sympathetic;  singultus,  dyspnea,  from  compression 
of  the  phrenic;  vomiting,  disturbances  of  the  esophagus,  and  dysphagia 
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may  result  from  compression  of  the  esophagus  directly  or  from  pneu- 
mogastric  paralysis;  oscillations  in  the  rhythmic  pulsation  of  the 
trachea  and  larynx  in  aneurisms  of  the  transverse  arch,  tracheal  tugging 
(or  the  Oliver-Cardarelli  sign),  result  from  the  transmission  of  pulsations 
of  the  aneurism  to  the  left  bronchus  where  it  touches  the  aorta  on  its 
way  from  the  root  of  the  heart  to  the  posterior  mediastinum;  marasmus, 
etc.,  resulting  from  the  compression  of  the  thoracic  duct  (very  rare). 

Signs  of  Rupture. — When  an  aneurismal  sac  ruptures,  the  event 
may  be  recognized  by  a  variety  of  manifestations  according  to  the 
region  and  the  artery  involved.  If  the  rupture  is  external,  the  diagnosis 
will  be  self-evident;  if  it  occurs  in  a  serous  cavity,  the  signs  of  acute 
vascular  depletion,  acute  anemia  with  prompt  and  fatal  syncope,  will 
at  once  suggest  the  concealed  hemorrhage,  which,  if  the  patient  sur- 
vives long  enough,  may  be  confirmed  by  a  physical  examination,  showing 
the  presence  of  fluid  in  the  pleura,  pericardium,  or  peritoneum,  according 
to  the  seat  of  the  rupture.  If  rupture  takes  place  into  the  trachea, 
hemoptysis  follows;  into  the  esophagus,  hematemesis;  into  the  intestinal 
canal,  enterorrhagia,  if  the  patient  lives  long  enough;  if  into  the  peri- 
cardium, all  the  signs  of  acute  heart  compression  ("  Herz  tamponade  ")• 
If  the  extravasation  takes  place  in  the  tissues,  all  the  local  signs  of 
extravasation  with  the  formation  of  hematomata—  usually  diffuse, 
progressive,  and  associated  with  all  the  signs  of  vascular  depletion, 
ending  in  syncope — will  follow. 

Aneurisms  undergoing  spontaneous  cure  are  recognized  by  the 
gradual  or  rapid  diminution  of  all  the  physical  and  subjective  signs, 
reduction  in  size,  increased  hardness,  suppression  of  murmurs,  pulsation, 
and  other  signs  of  circulatory  activity  in  the  aneurism. 

Differential  Diagnosis. — When  a  typical  arterial  aneurism  pre- 
sents all  or  most  of  the  symptoms  and  signs  previously  described, 
the  diagnosis  is  simple,  easy,  and  unmistakable.  When  an  aneurism 
is  filled  with  clot,  or  its  external  and  accessible  surface  is  well  lined 
with  laminated  clot,  and  the  pulsation  is  not  expansile  and  no  murmurs 
are  heard,  reduction  in  size  on  compression  may  still  guide  the  surgeon 
to  a  diagnosis.  But,  as  Delbet  says,  there  is  probably  no  other  disease 
which  exhibits  such  a  long  list  of  celebrated  diagnostic  errors. 

In  the  diagnosis  of  arterial  aneurisms  they  should  be  distinguished  or 
differentiated:  (a)  From  other  aneurisms,  and  (b)  from  other  allied 
tumors.  From  other  arterial  diseases:  from  arteriovenous  aneurisms 
by  the  absence  of  striking  disturbances  in  the  venous  circulation,  the 
lack  of  pulsation  in  the  veins,  the  absence  of  thrill  and  loud  purring, 
vibratory  murmurs  transmitted  widely  along  the  proximal  and  distal 
veins;  from  cirsoid  aneurism,  by  the  fact  that  these  are  composed  of 
numerous  pulsating  vessels,  a  congeries  of  arteries  and  dilated  veins, 
not  an  isolated  tumor  over  a  large  surgical  artery;  by  the  fact  that 
cirsoid  usually  occupies  the  scalp,  and  by  the  fact  that  the  ligation  or 
compression  of  the  main  artery  does  not  arrest  the  pulsation  of  the 
mass  or  reduce  the  bulk  of  the  swelling.  From  cavernous  angeiomata 
aneurisms  are  distinguished  by  the  absence  of  expansile  pulsation  in 
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the  angeiomata;  by  the  slight  impression  produced  upon  the  size  by 
compression  of  the  main  artery;  by  the  fact  that  angeiomata,  as  a  rule, 
are  subcutaneous  and  involve  the  skin,  causing  a  distinct  discoloration, 
and  convey  to  the  tactile  sense  an  unmistakable  sensation,  similar  to 
the  emptying  of  a  sponge  upon  compression.  Serpentine  dilatations 
or  ectases  of  isolated  arteries,  such  as  are  seen  in  the  arms  of  thin,  aged, 
arteriosclerotic  subjects,  are  not  to  be  confused  with  aneurism al  swell- 
ings because  the  artery  is  simply  tortuous  throughout  its  length,  but 
shows  no  distinct  sacculations.  From  other  tumors  or  swellings:  (1) 
Transmitted  pulsation  in  tumors.  A  hard  tumor,  such  as  a  mass  of 
enlarged  and  adherent  glands  in  the  neck,  may  simulate  an  aneurism 
by  transmitting  the  pulsations  of  the  carotid  to  the  surface.  The 
history  of  the  case,  the  absence  of  expansile  pulsation,  non-reduction 
of  the  tumor  by  compression  of  the  artery  on  the  proximal  side,  mobility 
of  the  tumor,  which  can  sometimes  be  lifted  up  from  the  artery,  will 
usually  suffice  to  clear  the  diagnosis.  (2)  Pulsating  abscess.  This 
may  be  (a)  a  peri-aneurismal  phlegmon;  (6)  an  abscess  into  which  an 
eroded  artery  has  ruptured,  transforming  the  cavity  into  a  spurious 
aneurism  or  pulsating  hematoma;  or  it  may  be  (c)  an  aneurism  which 
has  become  infected  and  is  suppurating.  In  either  of  these  three 
cases  the  history  is  of  great  value  for  the  diagnosis.  But  the  greatest 
errors  have  been  committed  in  connection  with  infected  and  suppurating 
aneurisms,  which  have  been  mistaken  for  ordinary  phlegmons  or 
abscesses,  especially  in  the  popliteal  space.  When  an  aneurism  inflames, 
the  peri-aneurismal  connective  tissue  quickly  participates  in  the  phleg- 
monous process,  the  skin  reddens,  becomes  edematous  and  infiltrated, 
hot  and  tender  to  the  touch.  The  outline  of  the  aneurismal  sac  then 
is  lost  in  the  general  swelling  and  cannot  be  felt  through  the  edematous 
skin,  the  whole  region  throbs  and  pulsates,  but  the  heaving  expansile 
pulsation  is  lost,  as  it  is  diffused  throughout  the  swelling.  It  is  easy 
then  to  fall  into  error  and  to  plunge  a  knife  into  the  supposed  abscess 
cavity  unless  advised  by  the  previous  history.  Some  of  the  most 
dramatic  episodes  recorded  in  surgical  history  are  connected  with  just 
such  mistakes.  Eminent  surgeons,  like  Desault,  Pelletan,  Dupuytren, 
Boyer,  Holmes,  Pirogoff,  Kuster,  and  a  host  of  others  too  numerous  to 
mention  have  given  proof  by  their  mistakes  of  the  extraordinary 
difficulty  attending  the  diagnosis  of  some  of  these  aneurisms.  In  view 
of  the  fact  that  all  the  conditions  above  mentioned  require  prompt 
surgical  intervention,  it  should  be  the  rule  that  in  all  distinctly  pulsating 
abscesses  occurring  in  important  surgical  regions,  in  which  a  mistake 
might  prove  fatal  through  hemorrhage,  every  precaution  should  be 
taken  to  procure  a  bloodless  field  at  the  time  of  the  intervention.  In 
the  limbs  the  circulation  should  be  controlled  by  the  Esmarch  con- 
strictor; in  the  neck,  the  main  artery  should  be  exposed,  clamped,  or 
provisionally  held  in  a  traction  loop;  in  the  groin,  gluteal,  iliac,  or 
axillary  regions,  the  common  iliac  or  subclavian  respectively  should 
be  exposed  and  held  securely,  pending  the  exploration  of  the  suspicious 
swelling.     There  is  no  reason  why,  at  the  present  day,  except  as  the 
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result  of  hasty  diagnosis  or  inadvertence,  such  disastrous  occurrences 
as  have  been  recorded  in  the  past  should  take  place. 

Telangiectatic  sarcomas,  endotheliomas,  and  epitheliomas,  especially 
when  developing  in  bone,  are  often  pulsatile  and  expansile,  thus 
simulating  aneurisms;  in  fact,  aneurisms  in  bone  do  exist,  but  in  these, 
while  the  pulsation  in  the  tumor  is  stopped  by  compression  of  the  main 
artery,  the  bulk  of  the  mass  remains  with  little  reduction  in  size.  In 
these  cases,  as  in  those  previously  referred  to,  a  preliminary  exploration, 
after  ischemia  has  been  obtained  by  elastic  constriction,  will  promptly 
clear  the  diagnosis  without  peril  to  the  patient.  X-ray  examinations 
(fluoroscopic)  will  also  help  to  reveal  the  character  of  the  tumor  as 
well  as  its  relation  to  the  bone. 

The  chief  interest  in  the  differential  diagnosis  of  aneurism  lies: 

(1)  In  the  possibility  of  cutting  into  an  aneurism  by  mistake,  and 
causing  disastrous  hemorrhage  before  the  bleeding  can  be  arrested. 

(2)  In  preventing  amputations  and  mutilations  for  supposed  malignant 
tumors  of  the  extremities,  which  would  have  been  avoided  had  the 
diagnosis  of  aneurism  been  suspected.  (3)  By  modifying  the  prognosis, 
which  would  be  more  favorable  in  aneurism  than  in  sarcoma  or  car- 
cinoma, or  vice  versd,  a  favorable  prognosis  might  be  given  under  the 
impression  that  the  tumor  is  a  simple  fibrolipoma  or  fibroma,  when  on 
exploration  it  would  be  discovered  to  be  an  aneurism.  Under  the 
prevailing  conditions  of  operative  surgery,  all  of  these  errors  can  be 
readily  avoided  by  direct  preliminary  exploration  at  the  time  of  inter- 
vention if  the  surgeon  would  only  bear  in  mind  the  possibility  of  aneurism 
and  prepare  himself  thoroughly  to  meet  it  should  the  exploration  reveal 
its  existence. 

The  diagnosis  of  aneurism  is  not  completed  by  the  mere  recognition 
of  its  existence;  the  patient  must  be  thoroughly  examined  with  a  view 
to  obtaining  cognate  data  which  bear  directly  upon  the  prognosis  and 
upon  the  selection  of  the  proper  treatment.  If  possible,  an  effort 
should  be  made  to  determine  the  topography  of  the  sac,  its  size,  \he 
activity  of  its  internal  circulation,  the  amount  of  clot  it  contains, 
shown  by  the  degree  of  compressibility,  the  vigor  or  feebleness  of  the 
expansile  pulsation;  the  effect  of  compression  of  the  main  artery  upon 
the  mass,  the  effect  upon  the  peripheral  circulation  obtained  by  such 
compression — all  valuable,  if  not  indispensable,  information  for  the 
guidance  of  the  surgeon  in  his  selection  of  the  best  method  of  inter- 
vention. 

It  is  also  necessary  to  determine  the  condition  of  the  general  circu- 
lation, the  heart,  the  peripheral  arteries,  as  regards  arteriosclerotic 
changes,  or  the  possible  coexistence  of  aneurism  elsewhere,  in  order 
to  estimate  not  only  the  probabilities  of  developing  the  collateral  cir- 
culation after  the  obliteration  of  the  aneurism,  but  also  the  general 
fitness  of  the  patient  for  the  operative  act  itself,  if  such  is  indicated. 

Prognosis. — An  aneurism — no  matter  where  it  may  be  or  how  small 
it  may  be — is  always  a  serious  menace  to  the  bearer.  If  neglected,  it 
is  a  menace  of  death.     While  spontaneous  cure  or  persistence  as  a 
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stationary  or  latent  condition  for  indefinite  periods  of  time  do  occur, 
these  are  such  exceptional  events  that  they  are  not  to  be  reckoned  with 
in  practice.  The  regular  tendency  of  an  aneurism  is  to  enlarge  without 
cessation  until  it  ruptures.  Hence  the  necessity  of  treating  them  from 
the  moment  they  are  recognized  (Delbet). 

The  prognosis  varies  according  to  the  situation  of  the  aneurism. 
The  external  aneurisms  or  those  accessible  to  the  surgeon  offer  infinitely 
better  prospect  of  recovery  than  the  internal  or  visceral  aneurisms. 
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Etiology. — The  Relative  Incidence  of  Aneurism. — In  a  collec- 
tive study  of  the  surgical  diseases  as  they  prevail  in  the  Charity  Hos- 
pital of  New  Orleans,  I  have  gathered  the  statistics  of  aneurism  as 
recorded  in  that  institution  from  the  decade  1884-1893  inclusive. 
During  this  decade  64,421  patients  of  all  classes,  suffering  from  all 
diseases,  were  admitted  to  the  Charity  Hospital;  of  these,  70.15  per  cent, 
were  of  the  white  race  and  29.85  per  cent,  were  colored.  During  this 
time  199  aneurisms  were  recorded,  of  which  143  occurred  among  the 
whites  (71.86  per  cent.)  and  56  among  the  colored  (28.14  per  cent.). 

Holcombe,  at  my  suggestion,  subsequently  compiled  the  statistics 
of  aneurism  as  recorded  in  the  same  institution,  during  the  decade 
from  1896-1905  inclusive.  During  this  period  81,242  patients  were 
treated,  of  whom,  approximately,  30  per  cent,  were  colored.  These 
yielded  172  cases  of  aneurism,  which  were  distributed  regionally  as 
follows:  Thoracic  aorta,  70;  abdominal  aorta,  36;  popliteal,  21;  femoral, 
10;  innominate,  9;  subclavian,  8;  common  carotid,  5;  external  iliac,  2; 
brachial,  2;  axillary,  2;  vertebral,  1;  ulnar,  1;  radial,  1;  celiac  axis,  1; 
splenic,  1;  occipital,  1;  temporal,  1. 

Stimson's  statistics,  based  upon  the  records  of  the  New  York  Hospital  for  the 
years  1882-1892,  show  that  of  22,197  patients  admitted  to  that  institution  during 
these  ten  years,  55  were  cases  of  aneurism,  classified  as  follows:  Aorta,  37;  innomi- 
nate, 3;  femoral,  3;  radial,  3;  brachial,  4;  cirsoid  aneurism,  5.  In  an  analysis  of 
103,060  autopsies,  held  from  1865-1900  at  the  Jena  Pathological  Institute,  E. 
Miiller  found  record  of  183  aneurisms.  In  1928  autopsies  held  at  the  Boston  City 
Hospital,  36  aneurisms,  or  1.8  per  cent.,  are  recorded.  At  the  Johns  Hopkins  Hos- 
pital 25  aneurisms  were  found  in  1800  autopsies  (Camack). 

The  real  incidence  of  aneurism  in  its  broadest  sense  is  not  easy 
to  determine  accurately,  because  numerous  aneurisms  of  cerebral,  pul- 
monary,  visceral  arteries,   and  also  many  traumatic  aneurisms,   are 
classified  under  different  headings  in  the  hospital  records,   such  as 
vol.  v— 16 
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apoplexy,  tuberculosis,  and  under  wounds  of  arteries,  etc.,  and  in  this 
way  are  eliminated  from  the  statistics.  However,  the  statistics  above 
quoted  confirm  in  a  general  way  the  experience  of  observers  all  over 
the  world,  showing  that  the  aorta  is  by  far  the  most  frequent  seat  of 
this  lesion.  The  popliteal  is  next  in  order  of  frequency,  with  25  per 
cent.  (Crisp)  of  all  aneurisms  and  55  to  60  per  cent,  of  the  peripheral 
cases  (Matas). 

Age. — Arterial  disease  in  children  under  six  years,  even  the  con- 
genially syphilitic,  is  practically  unknown.  In  those  from  six  to  fifteen 
years  it  is  rare  (Camack).  Pathologic  aneurisms,  therefore,  are  ex- 
tremely rare  in  children.  In  1799  autqpsies  of  foundlings  at  the  New 
York  Foundling  Asylum,  no  aneurisms  were  found  (Nicholl,  quoted 
by  Camack).  Schmidt,  however,  reports  radial  aneurism  in  an  infant 
eight  weeks  old;  Syme,  a  popliteal  aneurism  in  a  boy  seven  years  of  age; 
Hodgson,  an  aneurism  in  the  carotid  of  a  girl  aged  ten  years.  By  com- 
bining the  statistics  of  Crisp,  Lebert,  Liddell,  Lisfranc,  Ruehle,  and 
Lutlich,  F.  Fischer  found  that  in  2196  cases  of  aneurism  the  disease 
occurred  with  the  greatest  frequency  between  the  fortieth  and  fiftieth 
years  (622  cases) ;  in  41,  it  occurred  before  twenty;  in  39,  after  seventy. 
E.  Muller,  in  his  study  of  the  183  aneurisms,  found  that  only  1  per 
cent,  occurred  up  to  the  fifteenth  year. 

Sex. — Arterial  aneurism  is  largely  a  male  disease  (78  per  cent.). 
It  occurs  more  frequently  in  males  up  to  the  fourth  or  fifth  decade; 
after  the  fifth  decade  both  sexes  are  equal  (35  per  cent.).  In  Muller's 
183  aneurisms,  108  occurred  in  males  and  75  in  females.  In  280 
autopsies  collected  from  literature,  Camack  notes  210  males  and  70 
females. 

Race. — Aneurism  is  a  disease  peculiar  not  only  to  man,  but  to 
civilized  man.  It  is  practically  unknown  in  the  lower  animals,  except 
as  a  parasitic  manifestation  (strongylosis  in  the  horse) ;  this  harmonizing 
with  the  fact  that  arterial  disease  in  general  is  almost  unknown  among 
the  lower  animals.  Aneurism  in  the  pathologic  sense  follows  in  the 
wake  of  arterial  diseases  and  is  to  be  found  wherever  the  conditions 
which  favor  arterial  degeneration  prevail.  Its  relative  frequency  as 
a  product  of  disease  is  dependent  upon  the  mode  of  life,  habits  (indul- 
gence in  vascular  poisons,  alcohol,  tobacco,  etc.),  certain  general  infec- 
tions (especially  syphilis),  and  other  peculiarities  of  the  race  which 
directly  or  indirectly  influence  the  health  of  the  arteries.  Whatever 
will  prevent  premature  arteriosclerosis  in  any  of  its  forms,  using  the 
word  in  its  broad  generic  sense,  will  also  prevent  aneurism.  The  savage 
races  and  primitive  peoples  removed  from  the  touch  of  civilization 
enjoy,  as  far  as  we  know,  the  same  relative  immunity  from  aneurism 
that  is  observed  in  the  lower  animals.  The  sins,  vices,  luxuries,  and 
worries  of  civilization  clog  the  arteries  with  the  rust  of  premature 
senility,  known  as  arteriosclerosis  or  atheroma,  which  is  the  chief 
factor  in  the  production  of  aneurism.  The  Anglo-Saxon  and  North 
Celtic  races  have  been  reported  to  be  especially  liable  to  aneurismal 
disease,  more  so  than  the  Latin  races,  because  of  the  greater  indulgence 
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in  alcoholic  intoxicants,  as  well  as  the  abuse  of  athletic  exercises.  All 
races,  however,  are  equally  liable  when  the  same  conditions  of  life  and 
social  environment  prevail. 

The  American  negro  slave,  before  the  Civil  War,  living  under  the  vigilant  eye  of 
the  master,  was  sober  and  protected  to  a  large  extent  by  social  and  disciplinary  re- 
strictions from  the  great  vascular  poisons,  alcohol  and  syphilis;  and  then  aneurism 
was  comparatively  rare  in  the  colored  race.  Since  emancipation,  license  has  followed 
freedom,  and  now  the  negro  is  not  only  the  pathologic  peer,  but  the  superior,  of  his 
former  master  in  his  liability  to  aneurism  as  well  as  to  other  diseases  dependent 
upon  vascular  degeneration.  Statistical  evidence  shows  that  the  colored  race  in 
the  United  States  is  affected  with  aneurism  about  four  times  as  frequently  as  the 
white  (Camack). 

Number. — Aneurisms  are  usually  single,  but  two  or  more  may 
occur  in  the  same  individual  or  in  the  same  artery.  In  the  congenital 
dystrophy  of  the  arteries  described  by  Eppinger,  Rokitansky,  and 
others,  aneurisms  appear  not  only  in  early  life,  but  in  many  arteries  of 
the  same  individual.  Much  more  often,  the  multiplicity  of  aneurisms 
is  the  result  of  arterial  weakness  or  disease  acquired  in  adult  life — a  true 
aneurismal  diathesis.  Some  of  the  victims  of  this  diathesis  develop 
aneurisms  wherever  the  slightest  traumatism  is  inflicted  upon  the 
arterial  walls.  Digital  compression,  traction  upon  an  artery  with  a 
loop  ligature,  a  provisional  or  permanent  ligature,  and  forcipressure, 
suffice  to  develop  an  aneurism.  In  some  cases  as  many  as  thirty 
(Manec)  and  sixty-three  (Pelletier)  multiple  aneurisms  have  been 
counted  upon  the  same  individual. 

Multiple  aneurisms  are  usually  more  frequent  in  the  large  arterial 
trunks,  especially  the  aorta  (31  were  multiple  in  340  aortic  aneurisms, 
Boinet).  Multiple  small  aneurisms  characterize  that  rare  and  fatal 
form  of  arterial  disease  first  described  by  Kussmaul,  Maier  (1866),  by 
the  name  of  polyarteritis  nodosa,  in  which  small  aneurisms  are  strung 
like  the  beads  of  a  rosary  on  the  mesenteric  or  other  splanchnic  arteries. 

The  size  as  well  as  the  form  of  aneurisms  is  exceedingly  variable. 
While  not  always  true,  it  may  be  said  that  the  size  of  an  aneurism 
is  usually  proportional  to  the  caliber  of  the  artery  to  which  it  is 
attached.  In  many  of  the  cerebral  vessels  aneurisms  may  never  attain 
a  larger  size  than  that  of  a  millet  seed.  In  other  vessels,  as  in  the 
thoracic  or  abdominal  aorta,  aneurisms  may  be  as  large  as  a  fetal  head. 
When  aneurisms  attain  a  very  large  size,  the  original  sac  has  long 
since  ruptured  or  yielded  in  some  part  of  its  surface.  By  yielding 
or  rupturing  in  this  way,  diverticula  or  secondary  pouches  are  formed, 
made  up  of  fibrous  connective  tissue  and  generalized  clot. 

Pathogeny. — As  shown  by  statistics,  aneurism  is  most  frequent 
at  that  age  when  the  coats  of  the  artery  are  most  liable  to  be  weakened 
by  disease,  syphilis,  and  alcohol,  and  the  muscular  system  is  still  vigorous. 
Hence  the  frequency  of  aneurism  among  those  whose  occupation 
subjects  them  to  sudden,  violent,  or  irregular  strain,  such  as  soldiers, 
sailors,  porters,  laborers,  and  in  men  so  much  more  than  in  women. 
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It  is  the  loss  of  the  middle  or  musculo-elastic  tunic  by  disease  and 
degeneration  which  impairs  and  finally  destroys  the  elasticity  of 
the  arterial  wall  and  allows  it  to  yield  to  the  pressure  of  the  blood- 
stream. Therefore,  as  Bougie  says,  the  study  of  the  pathogeny  of 
aneurisms  resolves  itself  into  an  analysis  of  the  causes  which  bring 
about  this  primary  defect  of  the  media.  To  account  for  this  change 
various  theories  have  been  suggested,  of  which  the  best  known  are: 

I.  The  inflammatory  or  infectious  theory  of  arteritis,  according  to 
which  the  disease  begins  as  a  proliferative  perivascularis  of  the  vasa 
vasorum,  starting  in  the  external  tunic  and  secondarily  affecting  the 
media  through  obliterative  nutritive  disturbances,  the  process  being 
started  by  a  toxemia  or  bacteriemia,  usually  of  syphilitic  origin. 

II.  The  mechanical  theory  of  Manchot  (1890),  based  upon  observa- 
tions of  previous  observers,  teaches  that  the  elastic  fibers  of  the  media 
may  be  primarily  ruptured  by  any  muscular  overstrain  which  would 
bring  about  a  sudden  violent  increase  in  the  arterial  tension.  These 
authors  believe  that  this  can  take  place  in  normal  arteries  not  previ- 
ously weakened  by  disease. 

Traumatism. — Barring  the  false  aneurisms  (aneurysma  spurium)  resulting  from 
perforating  or  penetrating  wounds  of  arteries,  the  influence  of  traumatism  in  the 
production  of  aneurism,  without  coincident  arterial  disease,  has  been  the  subject 
of  much  controversy,  doubt,  and  experimentation.  It  is  now  well  known  that  with 
the  exception  of  arteriovenous  aneurisms,  which  in  very  recent  times  have  been 
experimentally  produced  in  animals  by  improved  technical  methods,  the  experi- 
mental production  of  typical  aneurism  by  traumatism  is  practically  impossible  and 
has  always  failed  in  the  lower  animals,  especially  dogs  and  rabbits,  these  animals,  as 
is  well  known,  being  apparently  exempt  from  arterial  disease.  Later  experiments 
made  by  Fabris  (1901)  were  more  successful.  All  this  evidence  shows  that  in 
animals,  at  least,  traumatisms  alone  will  not  cause  pathologic  aneurism  unless 
degeneration  (inflammation)  of  the  media  is  superadded. 

III.  The  Arteriosclerotic  Theory. — Thoma  and  his  followers  attack 
the  mechanical  theory,  claiming  a  priori  that  the  elastic  and  muscular 
fibers  of  the  media  in  a  normal  vessel  are  able  to  bear  any  strain  occurring 
in  life,  no  matter  how  great.  Thoma  tries  to  prove  by  numerous  experi- 
ments on  dogs  that  the  intima  can  be  subjected  to  an  intra-arterial 
pressure  amounting  to  100  to  200  cm.  Hg.  without  producing  the 
least  microscopically  appreciable  damage.  On  the  other  hand,  vessels 
degenerated  by  arteriosclerotic  processes  show  enormous  lacerations 
and  ruptures  when  subjected  to  the  same  or  much  less  pressure. 

It  is  evident  that  all  three  factors,  inflammation  or  infection,  trau- 
matism, and  degeneration,  are  all  frequently  united  in  the  exercise  of 
the  same  deleterious  influence  upon  the  elastic  and  muscular  elements 
in  the  media.  That  arteriosclerosis,  in  its  broad  generic  sense,  is  the 
precursor  of  aneurism  in  the  vast  majority  of  cases  cannot  be  doubted. 
The  causes  that  lead  to  arterial  degeneration  in  general  have  been 
already  referred  to  in  the  chapter  on  Diseases  of  the  Arteries.  It 
is  usually  conceded  that  syphilis,  alcohol,  and  hard  labor  combined 
are  the  most  certain  predisposing  agents.     As  Osier  pithily  puts  it, 
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Venus,  Bacchus,  and  Hercules  are  to  be  recognized  as  the  etiologic 
trinity  in  the  causation  of  aneurism.  In  fact,  without  syphilis  to 
account  for  aneurism  at  the  prime  of  life,  there  would  be  no  aneurisms 
(pathologic)  in  the  great  majority  of  cases,  so  enormous  is  the  per- 
centage of  the  syphilitic;  at  least  70  per  cent,  of  aortic  aneurisms  are 
syphilitic. 

Experimental  Aneurisms  Obtained  by  the  Production  of  Toxic 
Arteritis. — The  physiologists,  however,  have  succeeded  in  obtaining 
positive  results  by  injecting  adrenalin  and  other  toxic  substances. 
Reference  has  already  been  made  in  the  chapter  on  Diseases  of  the 
Arteries  to  the  production  of  toxic  non-inflammatory  degeneration 
of  the  media  obtained  by  adrenalin  injections,  and  the  conclusion 
expressed  that  the  burden  of  evidence  was  in  favor  of  regarding  these 
lesions  as  identical  with  those  of  human  arteriosclerosis.  To  con- 
tribute further  to  the  analogy  it  has  been  found  that  multiple  aortic 
aneurisms  may  be  produced  in  rabbits  by  this  same  means.  After 
the  adrenalin  injections  have  been  administered  for  some  time,  circum- 
scribed bulgings  are  noticed  in  the  arch  and  the  thoracic  aorta. 
Generally,  and  in  the  most  typical  cases,  well-developed  saccular 
aneurisms  are  found.  Even  aortic  ruptures  with  dissecting  aneurisms 
are  reported  by  Fischer. 

The  pathogeny  of  aneurism,  as  viewed  in  the  light  of  modern  evidence, 
may  thus  be  summed  up  in  a  modified  statement  from  His*  recent 
contribution  on  the  subject: 

(1)  Aneurisms  are  formed  as  a  result  of  the  permanent  disproportion 
or  disturbance  of  the  normal  balance  between  the  intravascular  pressure 
and  the  resistance  of  the  vascular  walls. 

(2)  The  resistance  of  the  arterial  walls  is  chiefly  dependent  upon 
the  integrity  of  the  media,  especially  its  elastic  elements. 

(3)  Any  influence  which  temporarily  or  permanently  destroys  the 
integrity  of  the  elastica  may  give  rise  to  aneurismal  dilatation,  unless 
the  power  of  resistance  of  the  walls  is  reestablished  by  a  compensatory 
process.     In  certain  cases  congenital  hypoplasia  probably  plays  a  part. 

(4)  The  integrity  of  the  elastica  and  muscularis  may  be  impaired 
by  traumatism  or  inflammation.  It  is  probable  that  an  entirely  healthy 
artery  may  be  ruptured  by  external  high  arterial  pressure,  especially 
in  combination  with  traction  and  contusion. 

(5)  It  has  been  determined  by  observations  upon  human  subjects 
as  well  as  animals  that  under  certain  conditions  even  extensive  ruptures 
may  heal  without  giving  rise  to  symptoms;  but  in  man  at  least  per- 
manent and  progressive  sac  formations  are  also  apt  to  occur.  Trau- 
matism is,  however,  a  determining  factor  in  the  formation  of  aneurisms 
when  it  is  added  to  diseased  arteries. 

(6)  The  spontaneous  formation  of  aneurisms  is  favored  by  all 
influences  which  destroy  the  elastica  of  the  tunica  media,  such  as 
ischemic  foci,  infarcts  of  bacterial  and  non-bacterial  origin  (Ponfick), 
and  inflammations  of  various  kinds.  These  include  mycotic  embolic 
aneurisms,  perhaps  the  relatively  more  common  form  in  children;  in 
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rare  cases,  tuberculosis,  perhaps  malaria,  and  often,  probably  in  the 
majority  of  all  cases,  syphilis,  which  produces  a  characteristic  endar- 
teritis readily  distinguishable  from  the  non-specific  arteriosclerotic 
endarteritis. 

(7)  It  has  not  yet  been  positively  ascertained  whether  or  not, 
besides  the  traumatic  and  inflammatory  aneurisms,  other  forms  occur 
based  upon  a  purely  mechanical  foundation  (elastic  and  muscular 
overstrain),  as  conceived  by  Thoma;  or  upon  a  degenerative,  perhaps 
autotoxic,  soil,  similar  to  the  adrenalin  aneurisms  of  rabbits  (aneurisms 
in  gouty  and  arthritic  subjects). 
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Treatment. — The  treatment  of  aneurism  may  be  conveniently  div- 
ided into  the  medical  and  the  surgical.  The  medical  treatment  is  reserved 
for  the  internal  aneurisms,  which,  at  present,  are  not  only  inaccessible  to 
the  surgeon,  but  even  when  they  are  accessible  to  direct  operative 
intervention,  involve  certain  areas  of  the  circulation  which  are  so  vitally 
necessary  to  the  life  of  the  organism  that  their  obliteration  by  radical 
operation  would  be  followed  by  certain  and  immediate  death.  In 
these  cases,  measures  of  treatment  may  be  adopted  which,  imitating 
the  spontaneous  or  natural  modes  of  cure,  may  succeed  in  arresting  the 
progress  of  the  disease  or  at  least  in  palliating  its  most  painful  and 
distressing  manifestations.  The  only  aneurisms  that  remain  in  the 
absolutely  non-surgical  category  are  those  of  the  thoracic  and  of  the 
abdominal  aorta,  especially  those  which  occupy  the  trans-  and  sub- 
diaphragmatic segments  of  this  artery.  With  anesthesia,  asepsis,  and 
improved  methods  of  hemostasis,  the  strictly  speaking  medical  aneur- 
isms have  been  circumscribed  to  the  limits  of  the  aortic  tracts  above 
referred  to. 
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Here,  however,  it  would  appear  that  the  advance  of  surgery  must 
halt.  For,  even  with  the  most  ideal  methods  of  approach,  and  granting 
that  without  long  delay  it  will  be  possible  to  open  the  thorax  as  safely 
as  we  now  open  the  abdomen,  there  will  always  remain  a  group  of 
fusiform,  cylindric,  and  dissecting  aneurisms  involving  the  entire  cir- 
cumference of  the  arch  and  other  sections  of  the  aortic  tract,  in  which 
a  radical  operation,  in  the  surgical  sense  of  removing  or  obliterating 
the  diseased  artery,  will  mean  death.  It  is  easy  to  conceive  that  con- 
tinued improvements  in  the  methods  of  artificial  respiration  on  the 
lines  of  the  Sauerbruch  cabinet  and  methods  of  positive  insufflation 
(Brauer's,  O'Dwyer's,  or  my  own  pump),  the  mediastina  may  be 
opened  without  pneumothorax  or  serious  interference  with  the  respira- 
tion; but  apart  from  the  exploration  of  the  aneurism,  its  type,  and  its 
relations  to  the  surrounding  parts,  the  diseased  sac  could  not  be  extir- 
pated or  obliterated  without  arresting  the  whole  systemic  circulation. 
Even  granting  that  two-thirds  of  the  aneurisms  of  the  aortic  arch  are  of 
the  sacciform  type,  it  will  be  only  in  exceptional  and  extremely  favor- 
able sacciform  cases  with  a  narrow  neck  that  it  will  be  possible  that  a 
sacculated  aneurism  may  be  obliterated  or  excised  without  interrupting 
the  circulation.  On  the  other  hand,  there  is  good  reason  to  hope  that 
with  increasing  facilities  for  the  early  recognition  of  aneurismal  dilata- 
tions (x-rays),  before  the  complete  and  irremediable  ruin  of  the  arterial 
coats  has  been  accomplished,  it  will  be  possible  to  institute  such  hygienic, 
constitutional,  and  therapeutic  treatment  that  will  arrest  the  degenera- 
tive process  and  prevent  the  formation  of  these  inoperable  aneurisms. 

Medical  Treatment. — The  object  of  this  treatment  is  to  imitate 
nature's  mode  of  cure  by:  (1)  Diminishing  the  blood-pressure; 
(2)  retarding  the  velocity  of  the  circulation;  (3)  increasing  the  coagula- 
bility of  the  blood;  (4)  provoking  thrombus-formation  within  the  sac 
by  agents  which  act  directly  on  the  aneurismal  tissues  from  within  and 
from  without.  These  indications  are  best  met  by  the  dietetic,  hygienic, 
and  medicinal  treatment  which  was  introduced  by  Valsalva  and 
Albertini  (1728),  Tuffnell  and  Billingham,  and  is  still  known  by  these 
names.  They  all  aim  at  accomplishing  the  first  three  indications  in 
nearly  the  same  way.  The  original  Valsalva  treatment  consisted  in 
absolute  physical  and  mental  rest,  in  rigorous  diet  (125  grams  of  food 
per  day),  deprivation  of  fluids,  and  repeated  bleeding  (venesection), 
by  which  the  volume  of  blood  was  reduced,  the  blood  tension  dimin- 
ished, and  the  coagulability  of  the  blood  increased.  The  treatment 
was  continued  until  the  patient  was  too  weak  to  lift  his  hand  from  the 
bed.  In  Tuffnell's  treatment  (1864)  the  spoliative  venesections  are 
omitted;  circulatory  and  other  drugs  are  given,  which  accomplish 
the  same  results  without  depreciating  the  vitality  of  the  patient  or  crip- 
pling his  resistance.  Neither  are  the  extreme  restrictions  in  diet,  so 
much  in  favor  in  the  past,  now  regarded  as  necessary,  especially  if  the 
treatment  is  likely  to  be  of  long  duration.  The  ordinary  medical  regime 
should  be,  above  all,  prolonged  and  absolute  rest  in  bed:  avoidance  of 
all  excitement  and  worry;  a  fish  or  similar  light  diet,  with  as  little  fluid 
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as  is  actually  bearable  and  is  consistent  with  the  proper  movement  of 
the  bowels.  Tuffneirs  diet  (1864)  is  an  extreme  measure,  which  if 
consistently  carried  out  imposes  a  very  severe  hardship  upon  the 
patient.  It  consists  of:  Breakfast,  bread  and  butter,  60  grams  (2 
ounces);  milk,  60  grams  (2  ounces);  dinner,  meat,  90 grams  (3  ounces); 
bread  and  potatoes,  60  grams  (2  ounces);  water  or  claret,  120  grams 
(4  ounces) ;  supper,  bread  and  butter,  60  grams  (2  ounces) ;  tea,  60  grams 
(2  ounces).  An  absolute  or  modified  diet  is  preferable  because  it 
eliminates  the  tea,  meat,  and  wine,  which  are  objectionable  in  the 
Tuffnell  dietary.  Tuffneirs  treatment  should  be  kept  up  for  three 
weeks  at  a  time.  In  its  place  Sir  Douglas  Powell  advises  a  fat  diet, 
because  it  results  in  the  formation  of  lecithin,  which,  according  to 
Woolridge,  is  possessed  of  marked  coagulative  properties.  Meats, 
according  to  Huchard,  are  particularly  objectionable  in  aneurism-diet, 
since  they  lead  to  the  formation  of  alimentary  toxins,  which  are  vaso- 
constrictor poisons  and  increase  arterial  tension.  Rest  in  a  horizontal 
position  reduces  the  pulse  eight  or  ten  beats  per  minute,  and  on  this 
assumption  the  impact  of  the  blood  against  the  aneurismal  walls  will 
be  lessened  by  9600  beats  in  sixteen  hours  (Boinet).  Furthermore, 
the  horizontal  position  reduces  the  general  blood-pressure  10  mm. 
Hg.,  and  in  this  way  rest  is  really  the  foundation  of  all  medical 
treatment. 

Medicinal  Treatment. — Drugs  are  chiefly  indicated  to  reduce 
the  frequency  of  the  heart-beat  and  to  diminish  the  arterial  tension. 
Nitroglycerin,  tetranitrite,  sodium  nitrite  (Huchard),  chloral  (Cher- 
chovsky),  aconite  (Grimshaw),  veratrum  viride,  etc.,  are  all  valuable 
when  the  pulse  is  rapid  and  the  arterial  tension  is  high.  Potassium 
iodid,  of  all  the  drugs  recommended  for  aneurism,  is  by  far  the  most 
potent  and  useful.  While  it  is  especially  indicated  in  all  cases  in  which 
there  is  an  antecedent  syphilitic  history,  its  action  in  relieving  pain  and 
quieting  the  distress  of  aneurisms  is  not  dependent  upon  its  antisyphilitic 
properties.  Its  mode  of  action  has  been  diversely  interpreted,  but 
whatever  this  may  be,  it  reduces  the  tension  in  the  aneurism  and 
favors  coagulation.  In  syphilitic  cases  it  should  be  combined  with  a 
positive  mercurial  treatment  in  view  of  possible  syphilitic  arteritis. 
Potassium  iodid  should  be  given  with  judgment  and  in  such  doses 
that  the  patient  may  tolerate  it  without  iodism.  It  should  be  given 
in  5  to  10  minims  of  saturated  aqueous  solution,  gradually  increased 
to  30  or  40  and  more  three  times  daily,  for  at  least  three  or  four 
weeks,  this  treatment  to  be  discontinued  when  iodism  develops. 
Surgical  patients,  unless  syphilitic,  should  not  be  subjected  to  the 
iodid  treatment. 

Vascular  Astringents  and  Coagulants. — Of  the  numerous  astringents 
and  coagulants  formerly  prescribed,  none  remain  except  the  names, 
as  past  memorials  of  this  anti-aneurismal  materia  medica.1  The 
only  remedies  of  this  class  that  deserve  consideration  are  gelatin  and 

1  Rosenfeld  has  recently  tried  stagnin  as  a  coagulant  hypodermically,  with  some 
improvement  in  3  cases. 
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calcium  chlorid  (Wright),  either  of  which  may  be  given  separately 
internally,  but  are  more  conveniently  and  positively  administered 
together  by  hypodermoclysis,  with  the  sole  view  of  favoring  the  coagula- 
tion of  the  blood. 

Gelatin. — In  1896  Dastre  and  Floresco  demonstrated  the  remarkable 
action  of  gelatin  in  hastening  the  coagulation  of  the  blood.  Lancereaux 
(1901)  and  Paulesco  introduced  and  systematized  the  administration 
of  gelatin  for  the  treatment  of  internal  aneurism.  The  solution  recom- 
mended by  Lancereaux  does  not  exceed  3£  per  cent,  gelatin  dissolved 
in  0.7  per  cent,  sodium  chlorid  solution.  The  stronger  gelatin  solutions 
have  shown  no  advantages  over  the  weaker  percentage  recommended 
by  Lancereaux.  Six  to  eight  ounces  of  Lancereaux's  solution  should 
be  injected  subcutaneously  in  the  lumbar,  subscapular,  or  upper 
gluteal  regions  every  five  or  six  days,  and  continued  until  twenty 
injections  have  been  given.  Jaeger  has  collected  120  cases  from  the 
literature  treated  by  this  method,  in  which  40  were  decidedly  improved 
or  apparently  cured.  Bollenstein  (1904)  also  reports  126  cases,  show- 
ing favorable  results  following  the  gelatin  injections  in  58  cases  (46.03 
per  cent.),  a  far  higher  percentage  than  obtained  by  any  other  method 
of  treatment. 

The  injection  of  gelatin  solution  is  followed  by  a  slight  rise  of  the 
blood-pressure,  which  soon  falls  to  normal.  The  coagulant  action  of 
the  gelatin  would  appear  to  be  much  accelerated  by  the  addition  of 
calcium  chlorid  by  mouth,  but  preferably  in  the  Carnot  solution  (2 
centigrams  to  100  grams  of  a  3  per  cent,  gelatin  and  sodium  chlorid 
solution),  or  by  prescribing  a  3  per  cent,  gelatin  solution  made  with 
Locke's  fluid,  which  contains  enough  calcium  chlorid  for  the  purpose. 
(See  Calcium  Chlorid  in  section  on  Hemorrhage.)  Boinet  and  Vedeler 
advise  the  administration  of  gelatin,  10  per  cent,  in  0.7  per  cent,  of  salt 
solution  by  enema,  conjointly  with  the  administration  of  the  gelatin 
by  mouth  or  by  hypodermoclysis.  The  mode  of  action  of  gelatin  is 
obscure;  it  is  not  transformed  into  peptone,  it  acts  not  by  its  acidity, 
as  claimed  by  some,  but  by  increasing  the  plasmase  or  fibrin  ferment 
contents  of  the  leukocytes  or  by  a  certain  degree  of  leukolysis. 
Gelatin  injections  are  usually  absorbed  in  twenty-four  hours; 
they  cause  no  abscesses  when  prepared  with  proper  and  rigorous 
methods  of  sterilization  (see  Sterilization  Method,  section  on  Hem- 
orrhage), and  their  value  appears  to  be  established  by  the  great 
number  of  cases  of  reported  improvement  in  favorable  cases.  The 
pains  and  pressure  signs  are  moderated  after  the  sixth  injection; 
the  aneurism  hardens  perceptibly  after  the  tenth;  complete  hardening 
with  arrested  pulsation  may  follow  after  thirty  or  forty  injections. 
When  the  treatment  is  followed  by  favorable  results,  it  should  be 
renewed  and  another  series  of  injections  repeated.  However,  cases  of 
embolism  and  thrombosis  have  been  recorded  by  several  observers. 
Tetanus  is  probably  the  most  serious  danger  to  be  apprehended  from 
defective  or  imperfect  sterilization.  By  subjecting  the  solution  to  a  tem- 
perature of  110°  C.  for  thirty  minutes  this  danger  can  always  be  avoided 
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(Roux).  To  obviate  all  risk,  ichthyocol,  which  contains  86  to  93 
per  cent,  pure  gelatin  (obtained  from  the  air-bladder  of  the  sturgeon), 
has  been  applied  with  even  more  marked  effect  than  the  ordinary 
gelatin  (Boinet,  Huon). 

My  own  experience  with  gelatin  injections  confirms  the  opinion  that 
gelatin  is  not  to  be  relied  upon  as  a  certain  remedy,  but  the  relief  it 
furnishes  in  a  considerable  percentage  of  these  unfortunate  cases  fully 
justifies  its  systematic  administration  in  all  inoperable  aneurisms. 
It  is  especially  indicated  in  sacciform  aneurisms.  A  certain  tendency 
to  irritation  of  the  kidneys  in  the  course  of  its  elimination,  which 
would  aggravate  a  coincident  nephritis,  is  the  only  contra-indication. 

Symptomatic  treatment  is  called  for  to  meet  special  indications. 
When  external  rupture  is  present,  venesection  was  formerly  recom- 
mended, but  rest,  with  veratrum  viride,  will  accomplish  the  same 
result  without  spoliation.  Ice-bags  over  the  well-protected  skin  may 
be  used  when  the  skin  is  inflamed,  red,  and  glossy.  When  sloughing  is 
threatened,  ice  will  aggravate  the  condition,  and  compresses  of  lead- 
and-opium  lotion  should  be  substituted.  Sachets  made  of  sterilized 
gauze  filled  with  the  Indian  fern — Pendjwar  Djambi — or  with  hemostatic 
agaricus  (punk)  are  especially  valuable  in  staying  the  threatened 
hemorrhage.  Absolute  rest  with  low  or  milk  diet  is  absolutely  man- 
datory. Hypodermics  of  morphin  and  atropin  with  aspirin  (Nunneley) 
are  especially  indicated  for  the  relief  of  pain  in  conjunction  with  potas- 
sium iodid.  Morphin,  codein,  heroin,  dionin  are  also  the  best  remedies 
for  the  warning  hemoptysis  which  precedes  the  fatal  rupture.  Morphin 
also  moderates  reflex,  spasmodic,  and  irritative  cough.  Extensive 
erosions  of  the  vertebral  column  call  for  rest  in  bed  or  support  with 
orthopedic  corsets.  Intubation  is  indicated  for  edema  or  spasm  of  the 
glottis;  tracheotomy  may  be  necessary  from  the  start,  with  a  long  soft 
cannula,  to  extend  if  possible  beyond  the  level  of  the  tracheal  compression. 
In  conclusion,  we  believe  with  Boinet  that  the  best  and  most  opportune 
time  to  treat  the  aneurismal  condition  effectually  is  in  the  incipient 
stages  of  dilatation  and  arteriosclerosis,  when  vascular  depressants, 
hygienic  care,  rest,  the  iodids,  and  gelatin  will  have  an  opportunity  to 
act  on  comparatively  healthy  and  resisting  tissues,  preventing  the  other- 
wise hopeless  development  of  fully  formed  aortic  aneurisms. 

Surgical  Treatment. — All  external  measures,  applied  directly  to 
the  aneurism,  are  included  in  this  category.  These  include:  Refrigera- 
tion, compression,  acupuncture,  filipuncture,  electropuncture.  These 
methods  are  only  semisurgical  or  quasi  medical  as  long  as  they  do  not 
include  the  open  sections  of  the  tissues  in  order  to  approach  the 
aneurism  directly.  The  strictly  speaking  surgical  methods,  apart 
from  the  above,  are  the  classic  operations,  the  ligature,  in  its  various 
applications,  above  and  below  the  sac;  the  occlusion  of  the  parent 
artery  by  constricting  appliances;  gradual  occlusion;  Halsted's  bands; 
gradual  compression  with  graded  clamps;  elastic  ligatures;  Keen's 
compressor;  the  radical  operations,  by  incision  of  the  sac,  aneu- 
rismotomy    (Antyllus'   operation);    extirpation    of  the  sac,    aneuris- 
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mectomy  (Philagrius*  or  Purmann's  operations),  with  their  later  modi- 
fications. 

Refrigeration. — At  present  ice  is  applied  as  a  palliative  in  dimin- 
ishing inflammatory  congestion  and  as  an  adjunct  to  other  treatment 
in  inoperable  aneurisms  (gelatin  treatment),  and  as  a  palliative  it 
undoubtedly  deserves  a  place  in  the  treatment  of  this  disease. 

Aseptic  acupuncture  (needling),  practised  by  Macewen  (1890)  for 
inoperable  aneurism,  consists  in  the  introduction  of  a  long  needle  into 
the  aneurismal  tumor,  where  it  remains  twenty-four  hours,  during 
which  the  needle  is  moved  sufficiently  to  scratch  the  intima  and  produce 
sufficient  irritation  to  induce  the  formation  of  white  or  plate-leuko- 
cyte-fibrin thrombi.  Ciniselli  in  1891  reported  33  cases  with  7  deaths; 
favorable  cases  were  reported  in  addition  to  those  of  Macewen,  by  Weir, 
Emmett  (1892),  B6guin,  Baumler.  The  method,  however,  is  practically 
abandoned  on  account  of  its  uncertainty,  the  difficulty  of  limiting  the 
effect  of  the  puncture  to  the  internal  surfaces,  and  the  fact  that  the 
aneurism  is  already  lined  with  laminated  clot. 

Wiring  (FMpuncture) ,  Moore1 8  Method  (1864). — Moore  inserted  and 
left  a  fine  silver  thread  in  a  thoracic  aneurism  in  order  to  induce  clot 
formation  from  it.  The  length  of  the  iron,  steel,  or  copper  wire  thus 
employed  has  sometimes  been  considerable — from  33  to  100  and  even 
over  200  feet.  Later,  silk  ligature  threads,  catgut,  horsehair  have 
been  successfully  employed.  Abb6  left  100  feet  of  catgut  and  150 
feet  of  steel  wire  in  an  aneurismal  sac.  Of  34  known  cases  of  thoracic 
and  abdominal  aneurisms  treated  by  wiring  alone,  30  died  in  the  course 
of  the  year  (Boinet,  1907). 

Bacelli  and  Montenovessi  (1877)  introduced  and  left  in  the  aneurism 
a  number  of  fine  metal  watch-springs,  the  total  length  of  which  varied 
between  10  to  40  cm.  Their  first  attempts  were  almost  disastrous 
from  perforation  of  the  sac  and  other  causes.  The  springs  have  been 
gilded  in  order  to  avoid  oxidation  and  breaking,  roughened  by 
exposing  them  to  the  fumes  of  osmic  acid,  or  dipped  into  hydrochloric 
acid  or  iron  perchlorid.  Migration  of  the  wires,  threads,  and  watch- 
springs  is  not  infrequent,  the  stiffer  wires  finding  their  way  into  the 
aorta,  even  where  the  aneurism  is  saccular  and  provided  with  a  nar- 
row orifice  of  communication.  In  several  cases  the  wires  found  their 
way  into  the  left  ventricle  of  the  heart  (Ballance,  Parham). 

Filigalvanopuncture. —  The  Moore-Corradi  Method. — Corradi  (1879), 
like  Moore,  introduced  into  an  aneurism  40  cm.  of  wire,  and  then  con- 
nected the  extremity  with  the  positive  pole  of  a  battery,  the  negative 
being  applied  in  the  vicinity  of  the  aneurism.  He  failed,  and  so  did 
his  immediate  followers.  Hunner  (of  Baltimore),  in  a  careful  study 
and  compilation  of  the  reported  cases  treated  by  this  method,  up  to 
1900,  combining  the  statistics  of  the  thoracic  and  abdominal  cases, 
collected  14  cases  in  which  Moore's  method  of  wiring  alone  had  been 
adopted.  Of  these  14  cases,  8  were  thoracic  and  6  were  abdominal. 
Two  only  of  the  abdominal  cases  were  apparently  cured  (14  per  cent, 
recoveries).     With  the  combined  method  (Moore-Corradi),  there  are 
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23  cases,  17  thoracic  and  6  abdominal.  Four  of  these,  or  17  per 
cent.,  recovered,  including  3  thoracic  (Rosenstein,  Stewart,  Kern)  and 
1  abdominal  (Noble).  By  combining  Hunner's  statistics  with  my 
own,  in  1900, 1  was  able  to  collect  41  cases  of  aortic  aneurisms  (thoracic 
and  abdominal),  treated  by  wiring  and  wiring  combined  with  electrol- 
ysis, with  a  total  of  8  apparent  recoveries  (2  abdominal  and  6 
thoracic),  or  19.20  per  cent,  recoveries.  In  39  per  cent,  of  Hunner's 
cases  there  was  an  apparent  amelioration  of  symptoms  and  prolon- 
gation of  life.  "  We  must  not  be  too  sanguine  on  this  improvement, 
for  in  any  given  case  we  cannot  prophesy  as  to  the  patient's  length  of 
days  or  suffering  if  there  be  no  operative  interference."  Without  con- 
demning the  practice  of  wiring  aneurisms  as  severely  as  Huchard,  I 
must  conclude  now,  as  I  did  in  1900,  that  the  uncertainties  of  this 
method,  its  dangers  from  migration  of  wire,  from  rupture  and  perfora- 
tion of  the  sac,  from  thrombosis  of  the  main  artery  and  gangrene  of 
peripheral  parts,  embolism  from  migratory  emboli,  all  contribute  to 
give  this  procedure  the  character  of  a  pure  experiment  which  is  justified 
solely  by  the  imminent  and  unavoidable  danger  of  death  from  the 
progress  of  the  disease  itself. 

Since  Corradi  introduced  the  combined  method  in  1879,  great 
improvements  in  the  technic  have  been  made,  especially  by  American 
and  British  surgeons,  who  have  applied  this  treatment  more  often  than 
those  of  other  countries.  The  chief  improvements  lie  in  the  better 
wire,  highly  drawn,  fine,  snarled,  silver  wire,  not  to  exceed  No.  28 
gage  (0.0085  inch)  in  diameter.  Gold  wire  is  used  by  Stewart;  silver 
blended  with  copper  alloy  (Finney,  Hunner),  the  length  not  to  exceed  10 
feet,  allowing  a  current  not  to  exceed  70  milliampGres  (I  have  used 
200  milliampSres  without  appreciable  bad  effects).  The  open  method 
of  approaching  an  aneurism  and  isolating  it  in  the  abdominal  cavity 
after  laparotomy,  to  facilitate  inspection  and  avoid  sepsis  during  the 
treatment  (by  packing  or  coffer-damming  the  sac)  (Parham),  by 
suturing  the  parietal  peritoneum  to  the  peritoneal  sac  (Matas),  are  also 
improvements  in  the  technic  of  the  abdominal  cases.  D'Arcy  Power 
(1903)  improved  the  technic  by  utilizing  an  apparatus  devised  by 
G.  H.  Colt.  This  consists  in  a  closely  packed  wire,  which  is  twisted 
through  a  fine  cannula  previously  introduced  into  the  sac,  where  it 
expands,  thereby  insuring  a  better  distribution  of  the  wire  network 
and  reducing  very  greatly  the  time  required  to  insert  many  inches  of 
wire. 

Mediate  Galvanization, — Galazzi  and  Vizzioli  applied  a  positive  con- 
stant current  of  50  to  60  milliamp£res  to  the  external  surface  of  the 
aneurismal  tumor  and  a  negative  pole  to  the  surroundings.  Each  session 
lasts  fifteen  minutes,  and  is  repeated  every  other  day.  Of  twelve  small 
aneurisms  of  the  thoracic  aorta  treated  in  this  manner,  2  cases  were 
almost  cured,  6  were  improved,  4  remained  stationary.  Britto  (1904) 
recommends  positive  cutaneous  voltaization  for  the  treatment  of 
aneurism.  The  advantage  of  these  methods  is  the  simplicity  of  their 
application.     They  appeal  to  us  more  as  placebos  than  as  real  remedies. 


ANEURISM.  253 

Compression. — In  the  preantiseptic  period,  when  all  operations 
involved  serious  risk,  mediate  or  indirect  compression  was  regarded 
as  the  method  of  election  in  the  treatment  of  aneurism.  The  object  of 
pressure  is  to  bring  about  consolidation  of  the  aneurism  by  the  formation 
of  either  a  laminated  or  an  ordinary  coagulum.  The  methods  of 
bringing  this  about  may  be  considered  under:  (1)  Direct  pressure  on 
the  aneurism;  (2)  indirect  or  direct  pressure,  either  on  the  artery 
above  or  the  artery  below,  or  on  both  simultaneously. 

Direct  pressure  over  an  aneurism  limited  to  its  surface  is  now 
never  practised.  Efforts  to  control  the  growth  of  a  thoracic  or  abdom- 
inal aneurism  by  compression  have  proved  disastrous,  being  followed 
by  embolism  or  by  rupture  into  the  internal  cavities  of  the  body. 

Indirect  Pressure. — Compression  of  the  artery  above  the  aneurism 
was  first  applied  in  1784  by  Desault,  who  was  likewise  the  forerunner 
of  John  Hunter  in  the  ligation  of  the  artery  above  and  at  a  distance 
from  the  sac.  It  was  not  frequently  adopted,  however,  until  1844, 
when  it  was  brought  more  prominently  to  professional  attention  by 
Billingham  and  the  Dublin  surgeons,  and  by  the  great  authority  of 
Broca  in  France,  who  warmly  advocated  it  in  1863.  It  is  applied  to 
the  artery  above,  the  artery  below,  or  to  both  at  the  same  time.  In 
either  case  its  object  is  to  promote  the  coagulation  of  the  sac  contents. 
Its  mode  of  application  may  be  classified  into:  (a)  Digital  pressure; 
(b)  instrumental  compression;  (c)  elastic  compression;  (rf)  compression 
by  flexion. 

Digital  compression  was  first  applied  as  the  sole  mode  of  treatment 
by  Jonathan  Knight  (1844),  of  New  Haven,  Conn.  In  France  it  is 
known  as  the  method  of  Belmas.  Knight's  case  was  one  of  popliteal 
aneurism,  and  a  cure  was  effected  in  about  two  days.  It  is  of  all  the 
bloodless  methods  of  compression  the  simplest,  the  best  regulated,  and 
probably  most  efficient.  Digital  pressure  cannot  be  made  satisfactorily 
without  the  aid  of  a  considerable  number  of  assistants,  hence  its  appli- 
cation is  limited  to  hospital  practice.  It  is  usual  to  employ  the  assistants 
in  pairs,  one  making  pressure  while  the  other  feels  for  pulsation  in  the 
sac.  "The  skin  should  be  covered  with  French  chalk  at  the  point 
where  the  pressure  is  made,  and  the  assistants  should  be  carefully 
instructed  as  to  the  amount  of  pressure  needed  and  the  place  where, 
and  direction  in  which,  it  should  be  made  upon  the  main  trunk.  When 
the  change  is  made  from  one  assistant  to  another,  the  latter  should 
place  his  finger  or  thumb  upon  the  artery  immediately  above  or  below 
that  of  the  one  whom  he  replaces,  and  this  one  should  not  remove  his 
finger  until  after  the  artery  is  duly  compressed  by  the  other.  Ether 
or  morphin  should  be  used  when  the  patient  begins  to  complain  of 
pain"  (Stimson). 

The  conditions  most  favorable  for  digital  pressure  are  found  over 
the  femoral,  just  below  the  groin,  where  the  pubic  arch  forms  a  solid 
resisting  plane.  It  has  been  applied  almost  exclusively  for  the  cure 
of  popliteal  aneurisms.  Constant  complete  compression,  so  as  totally  to 
arrest  the  pulsation  in  the  sac,  is  alone  effective.     Each  sitting  should 
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last  four  hours.  It  is  important  to  change  the  point  of  compression 
on  the  artery  for  fear,  in  arteriosclerotic  individuals,  of  producing 
injury  to  the  skin  or  secondary  aneurisms  at  the  point  of  compression 
(Berger,  Annandale).  Aside  from  the  inconvenience  of  applying  this 
method  except  in  hospital  surroundings,  where  numerous  assistants 
are  available,  it  is  also  uncertain  in  its  duration.  According  to  Fischer, 
in  90  cases  treated  by  this  method,  72  were  completely  cured.  Of 
these  72  successful  cases,  19  were  cured  in  from  one  to  twenty  hours, 
sometimes  in  the  first  sitting;  7,  from  twelve  to  twenty-four  hours; 
6,  from  twenty-four  to  thirty-six  hours.  For  the  remaining  40,  ten 
sittings  in  as  many  days  were  required.  According  to  Delbet,  the 
chances  of  cure  diminish  progressively  after  the  first  ten  sittings. 
After  thirty-six  hours  the  chances  of  cure  become  very  small,  the  dan- 
gers of  the  treatment  are  greatly  increased,  and  it  is  best  to  abandon 
it.  Apart  from  the  great  inconvenience  of  its  application  it  predisposes 
to  gangrene  of  the  extremities.  Especially  is  this  dreaded  complication 
liable  to  occur  if  the  stream  of  blood  in  the  aneurism  is  frequently 
interrupted  by  unsteady  application  of  the  digital  pressure.  In  96 
cases  there  were  76  recoveries  and  8  deaths;  6  of  these  deaths  occurred 
after  subsequent  ligation,  the  remaining  2  after  amputation.  Gangrene 
occurs  in  6  per  cent.     Recovery  may  be  expected  in  only  50  per  cent. 

Instrumental  pressure,  either  proximal  or  distal  to  the  aneurism, 
may  be  applied  with  a  variety  of  instruments  which  have  been  invented 
for  this  purpose.  They  have  been  applied  chiefly  in  the  treatment  of 
abdominal  aortic  aneurism.  Woirhaye  reported  6  recoveries  out  of 
9  cases  operated  on;  as  usual,  the  unfavorable  cases  are  not  reported. 
General  anesthesia  is  indicated,  and  the  compression  applied  at  an  equal 
distance  from  the  xiphoid  process  and  the  umbilicus,  until  the  pulsa- 
tion disappears  in  the  tumor  and  in  the  femoral  arteries.  It  is  applic- 
able only  in  a  few  especially  favorable  cases,  in  thin  subjects,  and 
when  the  aneurism  is  situated  very  low,  near  or  at  the  bifurcation. 
Notwithstanding  the  recovery  of  the  few  cases  recorded,  it  is  now 
practically  abandoned,  since  it  is  fraught  with  great  risk  from  gangrene 
of  the  intestines,  embolism  and  thrombosis  of  the  peripheral  arteries, 
rupture  of  the  atheromatous  aorta.  It  is  advisable  not  to  compress  the 
aorta  for  more  than  an  hour  at  a  time,  if  it  is  resorted  to  at  all. 

Elastic  Compression,  Reid's  Method  (In  Italy,  the  Reid-Clementi 
Method). — This  method  was  first  applied  by  \V.  Reid,  of  Plymouth, 
England,  in  1875.  The  object  of  the  method  is  simultaneously  to 
compress  the  artery  above  and  below  the  aneurism,  thus  causing  the 
blood  contained  in  both  the  aneurism  and  the  artery  to  coagulate.  The 
elastic  bandage,  in  cases  of  popliteal  aneurism,  in  which  it  has  been 
most  often  used,  should  be  evenly  applied  from  the  foot  as  far  as  the 
aneurism,  a  turn  should  then  be  made  over  the  tumor,  so  as  only 
lightly,  if  at  all,  to  compress  the  sac,  and  the  bandaging  then  continued 
firmly  half  way  up  the  thigh.  The  bandage  should  be  kept  on  for  an 
hour  to  an  hour  and  a  half.  The  elastic  cord  should  not  be  used  at  all. 
On  removing  the  bandage,   digital   or  instrumental  pressure  should 
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be  kept  up  on  the  main  artery  from  thirty-six  to  forty-eight  hours,  so 
as  to  control  the  circulation  and  prevent  the  clot,  which  is  still  soft, 
from  being  washed  out  of  the  artery  and  the  sac.  The  patient  should 
be  placed  under  an  anesthetic  during  the  application  of  the  bandage,  as 
it  causes  great  pain  (Walsham).  In  1881  Stimson  collected  62  cases 
treated  by  this  method.  In  52  cases  in  which  Reid's  method  was 
applied  without  modifications,  there  were  28  cures,  22  failures,  and 
2  deaths.  Of  the  cures,  24  were  obtained  by  a  single  attempt  continued 
for  about  an  hour;  on  the  average,  the  extremes  of  time  varying  from 
fifty  minutes  to  three  and  a  half  hours.  He  estimates  that  Reid's 
method  may  be  expected  to  fail  in  at  least  15  per  cent,  of  the  cases,  a 
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Fig.  77. — Various  Methods  of  Ligation. 
1,  Hunter's  ligation,  proximal;  2,  Anel's  ligation,  proximal;  3,  Brasdor's  ligation,  distal,  of  trunk; 
4,  Wardrop's  ligation,  distal,  of  branch  of  trunk. 

very  favorable  estimate,  judging  by  Delbet\s  statistics.  Reid's  technic 
has  been  modified  by  many  operators.  Gersuny  never  exceeds  half 
an  hour  at  a  sitting  and  multiplies  the  sittings.  This  method  is  known 
as  elastic  intermittent  compression  (Petit).  Reid's  method  enjoyed 
great  favor  at  one  time,  but  it  is  now  seldom  practised.  Delbet's 
statistics  (1889)  showed  48.2  per  cent,  cures.  It  leads  to  gangrene  of 
the  limb  twice  as  often  as  digital  compression  (Delbet). 

Flexion,  known  incorrectly  as  Hart's  method.  This  was  apparently 
first  suggested  by  Ellsworth  (1844)  and  Fleury,  a  French  surgeon  (1846), 
afterward  used  by  Thierry,  Maunoir  (Geneva),  and  Hart  in  1857.  Flexion 
has  been  tried  successfully  in  the  treatment  of  popliteal  aneurism 
and  aneurism  of  the  groin  and  the  elbow.    In  applying  it,  the  pulsation 
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in  the  peripheral  vessels  beyond  the  aneurism  must  be  arrested.  Flexion 
accomplishes  a  cure  in  35.55  per  cent,  of  the  cases.  It  is  apparently 
a  simple  measure,  but  it  is  long  and  painful,  averaging  fourteen  days 
before  coagulation  can  be  obtained  even  in  the  most  favorable  cases. 
It  leads  to  prolonged  stiffness  in  the  joints,  and,  what  is  worse,  according 
to  Delbet,  it  leads  to  the  rupture  of  the  sac  eight  times  more  often 
than  digital  or  other  methods  of  indirect  compression. 

The  Ligature. — A  ligature  is  applied  to  an  artery  in  the  cure  of  aneu- 
rism for  the  purpose  of  arresting  or  retarding  the  circulation  in  the 
aneurismal  sac  and  thus  favoring  its  obliteration 
by  the  rapid  or  gradual  coagulation  of  its  con- 
tents. To  accomplish  this  object,  the  ligature 
may  be  applied  to  the  artery  at  different 
points  in  relation  to  the  aneurism.  It  may  be 
applied  on  the  (1)  proximal  side,  immediately 
above  the  sac,  and  is  then  known  as  Anel's 
operation  (Fig.  77,  2),  after  the  first  surgeon  who 
treated  aneurism  by  the  ligature  in  1710.  It 
may  be  applied  at  a  distance  from  the  sac — for 
example,  in  Hunters  canal,  in  treating  popliteal 
aneurism — when  it  is  known  as  the  Hunterian 
operation,  after  John  Hunter,  who  ligated  the 
artery  at  this  point  (Hunter's  canal)  December 
12,  1785;  Default  had  previously  ligated  the 
femoral  for  popliteal  aneurism  at  or  about  the 
same  level  (immediately  below  the  opening  of 
the  abductor  magnus),  June  22,  1785,  both 
operators  ligating  at  a  distance  to  avoid  the 
supposedly  more  diseased  arteries  in  the  vicinity 
of  the  sac.  Or  it  may  be  ligated  at  a  still  higher 
point  on  the  same  principle  in  Scarpa's  triangle 
(Scarpa's  operation),  as  it  wTas  done  by  A.  Scarpa, 
at  a  much  later  period  (1819).  (2)  The  ligature 
may  be  applied  on  the  distal  side  very  close  to  the 
tumor;  it  is  then  Brasdor's  operation  (1798 — 
Fig.  77,  3) ;  or  to  one  or  two  of  its  main  branches, 
Wardrop's  operation  (1825 — Fig.  77,  4).  In  the 
aneurisms  of  the  innominate  artery,  if  the  liga- 
ture is  applied  to  the  subclavian  above  it,  it 
is  Brasdor's  operation  that  is  performed;  if 
applied  to  both  the  subclavian  and  the  carotid 
of  the  same  side,  it  is  Wardrop's  operation. 
(3)  Immediately  above  and  below  the  aneurism 
without  opening  the  sac  (Pasquin's  operation).  If  the  sac  is  opened, 
it  is  the  operation  of  Antyllus.  All  ligatures  applied  on  the  proximal 
side,  when  these  are  at  a  distance  from  the  sac,  are  usually  referred  to 
as  Hunterian  operations. 

The  distal  ligature,  Brasdor  and  Wardrop's  method,  first  suggested 


Fig.  78. — Ligature  of  the 
Superficial  Femoral 
Aktery  for  Popliteal 
Anei  ribm  by  Miloni. 
(Ballance  and  Edmunds, 
after  Porta.) 
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by  Brasdor  and  DSsault  toward  the  end  of  the  eighteenth  century, 
was  first  performed  by  Deschamps  in  1798  and  by  Sir  Astley  Cooper. 
In  1825  Wardrop  obtained  the  first  success  from  this  method  by  tying 
the  common  carotid  on  the  distal  side  of  a  large  aneurism.  The  opera- 
tion is  now  practically  restricted  to  aneurisms  of  the  common  carotid, 
subclavian,  and  innominate,  in  which  the  proximal  ligature  or  other 
and  more  valuable  methods  of  treatment  are  impracticable.  It  is 
an  uncertain  method  at  best,  but  since  the  aseptic  epoch  the  mere 
ligation  of  arteries  as  an  operative  procedure  has  been  made  so  simple 
and  comparatively  safe  that  it  is  justifiable  and  is  done  with  the  view 
to  favoring  the  deposition  of  the  clot  in  the  sac,  if  only  as  a  palliative 
method. 

The  doable  ligature  above  and  below  the  sac  without  disturbing  it: 
without  incision  of  the  sac.     This  method,  which  has  been  most  fre- 


2  3 

Fio.  79. — 1,  Double  (bipolar)  ligation  of  the  parent  trunk  on  the  proximal  and  distal  side 
of  the  aneurism  (Pasquin's  method),  showing  how  the  sac  can  still  be  nourished  by  the  collaterals; 
2,  the  operation  of  An ty  11  us — bipolar  ligation  of  the  parent  trunk,  with  incision  and  packing  of  the 
sac  (showing  how  primary  and  secondary  hemorrhage  may  occur  in  this  procedure  from  the  abun- 
dant collateral  supply);  3,  the  radical  operation  by  the  extirpation  of  the  sac  (Philagrius'  or  Pur- 
mann's  operation),  showing  how  the  collateral  circulation  is  maintained  and  how  it  is  possible  to 
interfere  with  it  seriously  by  the  ligation  of  the  branches  given  off  from  the  aneurism  (see  the  col- 
laterals on  the  left  side  of  the  diagram). 

quently  applied  to  the  treatment  of  arteriovenous  aneurism,  is  not 
applicable  with  any  advantage  to  simple  arterial  aneurisms.  According 
to  Broca,  it  was  applied  by  Pasquin  in  1812  (Fig.  79,  1).  It  has 
never  met  with  favor  as  a  surgical  method,  because  all  that  can  be 
accomplished  by  it  can  be  done  with  greater  advantage  by  other  more 
certain  and  complete  methods. 

The  Proximal  Ligature  at  a  Distance  from  the  Sac,  or  Hunterian 
Ligature. — This  operation  was  until  quite  recently  the  preferred  method 
of  treating  aneurisms.  The  chief  merits  claimed  for  it  are  ( Walsham) : 
(1)  That  the  artery  at  the  spot  selected  for  the  ligature  is  not  only 
more  likely  to  be  healthy,  but  is  also  more  easily  tied  than  the  artery 
vol.  v — 17 
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in  close  proximity  to  the  sac,  in  which  latter  situation,  moreover,  its 
anatomic  relations  are  liable  to  be  disturbed  by  the  aneurism;  (2) 
that  the  sac  is  not  interfered  with,  and  hence  is  less  likely  to  become 
inflamed  and  suppurate  than  by  close  ligature  to  the  sac;  and  (3) 
that,  as  several  branches  will  probably  be  given  off  between  the  ligature 
and  the  aneurism,  the  circulation  through  the  sac,  though  lessened,  will 
not  be  completely  arrested,  and  the  clot  is,  therefore,  more  likely  to 
have  a  laminated  and  hence  a  permanent  character. 

Objections  to,  and  Disadvantages  of,  the  Hunterian  and  other  Methods 
of  Proximal  Ligation. — Since  the  advent  of  the  aseptic  period,  and 
the  general  adoption  of  modern  methods  of  ligating  arteries,  the  dis- 
advantages of  the  Hunterian  ligature  have  become  more  apparent, 
and  the  once  almost  forgotten  method  of  Anel  has  come  to  take  its 
place.  The  chief  objections  formerly  raised  against  the  ligation  of  the 
parent  artery  close  to  the  sac  have  been  removed,  as  far  as  the  method 
of  ligation  is  concerned,  and  its  superiority  over  other  ligatures  in  favor- 
ing the  permanent  obliteration  of  the  sac,  with  much  less  danger  to 
the  collateral  circulation,  has  made  it  preferable  whenever  the  treat- 
ment of  aneurisms  by  proximal  ligation  is  indicated  or  adopted  by  the 
surgeon.  The  disadvantages  of  the  Hunterian  ligature  may  be  summed 
up  as  follows:  (1)  The  liability  to  gangrene  of  the  limb  is  increased  by 
(a)  the  interposition  of  two  obstacles  to  the  path  of  the  blood  from  the 
cardiac  side  to  the  periphery;  first,  at  the  seat  of  the  ligature,  and, 
secondly,  at  the  site  of  the  aneurism,  which  is  totally  or  partially  blocked 
by  clots  after  the  ligation;  (6)  by  putting  out  of  function  a  large  number 
of  important  and  often  essential  collateral  branches  given  off  from  the 
main  trunk  between  the  ligature  and  the  aneurism;  in  some  cases  the 
track  of  the  artery  becoming  obstructed  by  a  thrombus  for  a  great  part 
of  its  length  after  the  ligation;  (c)  in  consequence  the  blood  has  to  pass 
through  two  sets  of  collaterals  before  it  can  reach  the  part  beyond  the 
sac;  (d)  the  risk  of  gangrene,  therefore,  increases  in  direct  ratio  with 
the  distance  interposed  between  the  sac  and  the  ligature;  (e)  the  risk 
of  obstruction  of  the  distal  end  of  the  artery  beyond  the  sac  by  emboli 
or  propagated  thrombi  is  greatest  in  the  Hunterian  ligature,  which  aims 
at  the  gradual  and  not  immediate  suppression  of  the  circulation  in  the 
sac,  the  minor  circulation  in  the  sac  resulting  from  previous  col- 
laterals which  empty  into  the  main  trunk  above  the  sac,  favoring  the 
increased  deposition  of  active  clot,  and  also  breaking  up  the  new  soft 
and  passive  clot  formed  temporarily  by  the  ligation  of  the  main  trunk. 
(2)  The  reestablishment  of  the  collateral  circulation  after  ligation  at  a 
distance  may  carry  more  blood  into  the  main  artery  (between  the  liga- 
ture and  the  sac),  and  thus  lead  to  relapse.  (3)  There  is  no  advantage  in 
ligating  the  artery  at  a  distance,  because  (a)  the  simple  aseptic  ligature 
strengthens  the  artery  at  the  seat  of  ligation,  and  there  is  no  secondary 
hemorrhage  when  there  is  no  suppuration;  (b)  it  has  been  shown  that 
the  arteries  are  often  quite  healthy  immediately  above  the  aneurism 
(especially  in  traumatic  cases);  and  (c)  it  has  been  also  shown  that 
arteriosclerotic   arteries  undergoing  gradual  obstructive  changes  are  as 


ANEURISM. 


259 


readily  closed  by  aseptic  ligatures  as  the  healthy  ones.  (4)  The  ligature 
at  a  distance,  by  allowing  the  persistence  of  a  modified  (lessened) 
circulation  in  the  sac,  favors  the  further  deposition  of  fibrin,  and  thereby 
the  sac  remains  larger  than  when  the  immediate  proximal  ligature 
(Anel)  is  applied,  because  this  shuts  off  the  circulation  at  once  and 
allows  draining  of  its  fluid  contents,  also  allowing  the  old  laminated 
clot  to  remain;  thus,  the  volume  and  size  of  the  sac  is  less,  and  the 
tendency  of  the  passive  clot  to  break  up  is  also  lessened.  (5)  The 
danger  of  infecting  the  sac  by  the  manipulations  required  to  ligate 
the  artery  at  its  termination  in  the  sac  is  not  to  be  considered  in  aseptic 
operations. 


4 


Fio.  80. — 1,  Diagram  showing  how  peripheral  gangrene  may  occur  after  a  proximal  ligation; 

...»  .  . ital  tn     " 


>  of  clots  (emboli)  are  detached  from  the  aneurismal  cavity  and  block  up  the  distal  trunk 
at  its  bifurcation.  In  popliteal  aneurism  the  anterior  and  posterior  tibial  may  be  thus  blocked  up 
simultaneously  with  fatal  effects;  2,  after  the  Hunterian  ligation  especially,  the  openings  of  import- 
ant collaterals  may  be  obliterated  by  thrombi  or  emboli  between  the  ligature  and  the  opening  of 
the  aneurism.  A  third  mode  of  interfering  with  the  collateral  supply  is  shown  in  2.  The  orifices  of 
the  collaterals  inside  of  the  sac  and  the  vessels  themselves  may  be  plugged  by  extension  of  the 
thrombotic  process  into  their  liimina. 

Therefore  it  is  evident  that  proximal  ligation  as  near  the  sac  as 
possible  is  to  be  regarded  as  the  preferred  method  of  ligation.  Instead 
of  ligating  at  Scarpa's  triangle  or  Hunter's  canal  for  popliteal  aneur- 
ism, the  ligation  should  be  made  in  the  popliteal  space.  Veneration 
for  Hunter's  memory,  its  simplicity,  and  the  traditional  regard  for 
authority,  gave  the  Hunterian  ligature  the  first  rank,  not  only  in 
preference  to  the  Anel  method,  but  to  all  methods  of  treating  aneurisms, 
long  after  its  relative  inferiority  as  a  method  of  treating  aneurism 
had  been  established.  It  is  only  the  indisputable  evidence  and 
success  of  other  methods  obtained  since  the  aseptic  period  that  has 
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led  to  its  very  gradual  and  reluctant  displacement  in  surgical  esteem 
in  English-speaking  countries.  However,  the  introduction  of  the 
proximal  ligature  for  the  cure  of  aneurism  was  an  immense  stride 
forward  in  the  treatment  of  aneurism. 

We  have  already  noted  the  fact  that  digital  compression,  the 
best  of  the  indirect  and  bloodless  methods  of  compression,  yielded 
only  50  per  cent,  of  cures.  Now  Delbet,  who,  as  the  chief  advo- 
cate of  extirpation,  has  most  assiduously  scanned  the  statistics  of  liga- 
tion with  the  superiority  of  extirpation  in  view,  admits  that  the 
ligature  in  the  modern  period  accomplishes  an  apparent  cure  of  the 
aneurism  in  all  but  5  per  cent,  of  the  cases,  the  failures  being  due  to 
gangrene  or  relapse.  As  to  the  mortality,  which  was  very  high  in  the 
pre-antiseptic  period,  it  has  remarkably  changed  for  the  better  with 
the  modern  period.  In  1874  Holmes'  statistics  gave  13  deaths  in 
87  cases  of  popliteal  aneurism  treated  by  the  ligature,  a  mortality  of 
nearly  15  per  cent.,  say  one  in  seven  (Stimson).  In  1888  Delbet  found 
the  mortality  to  be  18.94  per  cent.,  while  in  1895  it  had  been  reduced 
to  only  8.35  per  cent.  Gangrene,  however,  still  remains  a  serious 
objection  to  all  methods  of  ligation.  Delbet's  statistics  give  a  propor- 
tion of  7.58  per  cent,  in  1888  and  8.25  per  cent,  in  1895.  Aseptic 
methods,  while  greatly  reducing  the  mortality,  have  exercised  very 
little  if  any  influence  upon  the  occurrence  of  gangrene.  The  reason 
for  the  persistence  of  this  disastrous  complication  in  spite  of  the  aseptic 
technic  is  well  expressed  by  Delbet,  who  first  pointed  out  that  gangrene 
is  not  due  simply  to  the  insufficiency  of  peripheral  circulation,  but 
to  the  frequent  displacement  of  clots  (ebolic)  from  the  sac  into  the 
distal  portion  of  the  artery  and  its  branches  after  the  sudden  arrest  of 
the  circulation. 

Gangrene  is,  therefore,  the  chief  objection  to  any  method  of  ligation 
on  the  proximal  side,  thougti  less  likely  to  occur  in  the  Anel  than  in 
the  Hunterian  operation.  This  is  most  apparent  in  the  treatment  of 
popliteal  aneurisms  in  which  (42  cases)  there  were  87.50  per  cent,  of 
recoveries  and  12.95  per  cent,  of  failures.  Of  the  recoveries,  8  were 
imperfectly  cured  (persistent  tumor,  functional  disability,  etc.),  10.50 
per  cent,  had  gangrene  of  the  toes,  and  3  out  of  the  5  failures  had 
gangrene  requiring  amputation  of  the  leg.  In  addition,  4.60  per  cent, 
of  the  cases  of  ligation  relapsed  and  other  methods  of  treatment  had 
to  be  resorted  to. 

The  sac,  which  remains  full  and  indurated  after  the  ligation,  usually 
contracts  after  it  has  been  filled  with  clot.  The  bulk  of  the  clot  is 
removed  by  absorption,  degeneration,  and  phagocytosis,  leaving  a 
small  residue  to  organize  and  remain  as  a  pseudomembranous  formation. 
Not  infrequently  the  laminated  clot  remains  in  bulk,  undergoing  organi- 
zation, acting  as  a  foreign  body  interfering  with  the  venous  and  lym- 
phatic circulation,  as  shown  by  a  persistent  edema.  Sometimes  it 
becomes  infected,  suppurates,  and  ruptures.  After  apparent  con- 
solidation, a  period  of  latency  sometimes  lasting  seven  years  (Hawkins), 
ten  years   (Smyth),  fifteen  years   (Cooper),  the    sac    becomes  active 
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again,  requiring  other  operations  to  control  it.  Sometimes  a  new 
aneurism  follows  at  the  seat  of  the  ligature.  In  1895,  Delbet  gathered 
6  cases  of  this  kind,  and  I  have  added  fully  8  from  the  recent  litera- 
ture. (See  Influence  of  Traumatism  in  Pathogenesis.)  When  the 
sac  remains  undisturbed  the  adherent  and  overstretched  nerves  con- 
tinue to  undergo  nutritive  changes,  a  sclerogenic  interstitial  pressure- 
neuritis,  which  are  initiated  during  the  life  of  the  aneurism.  In  this 
way  neuralgias,  trophic  ulcers,  paresthesias,  motor  disturbances  in  the 
peripheral  part,  continue  to  remain  unrelieved  after  the  operation. 
From  what  has  been  said  it  is  evident  that,  while  the  methods  of  ligation 
for  the  cure  of  aneurism  have  rendered  great  service  in  the  cure  of 
this  disease,  there  are  serious  defects  and  dangers  inherent  to  all 
methods  which  leave  the  sac  undisturbed  and  filled  with  clot — objec- 
tions which  remain.  To  avoid  these  and  still  further  improve  the 
results,  especially  as  regards  the  incidence  of  peripheral  gangrene,  is 
the  aim  of  modern  surgery,  and  it  is  in  this  direction  that  the  greatest 
advances  have  been  made  and  are  now  in  process  of  development. 

Partial  occlusion  and  gradual  obliteration  of  arteries  was  discussed 
by  L.  Porta  (1800-1875)  about  the  middle  of  the  last  century,  and 
gradual  occlusion  by  instruments  carrying  a  snare  or  by  instrumental 
compression  immediately  or  mediately,  by  elastic  ligature,  or  by  a 
series  of  gradually  contracting  ligatures,  has  been 
repeatedly  tried  and  advocated  in  the  treatment 
of  aneurisms  in  which  it  was  feared  that  the  im- 
mediate occlusion  of  the  artery  by  ligature  might 
lead  to  ulceration  and  secondary  hemorrhage  or 
to  gangrene. 

As  an  advanced  step  in  this  direction,  Halsted, 
of  Baltimore,  has  evolved  the  valuable  method  of 
gradual  occlusion  of  the  large  arteries  with  metal 
bands  (Fig.  81).  He  prefers  an  aluminum  metal 
band,  the  width  of  one-third  or  one-half  of  the 
lumen  of  the  vessel  to  be  obliterated;  the  thickness 
of  the  bands  is  from  29  to  36  sheet-metal  gage. 
The  band  is  rolled  around  the  artery  with  a  special 
instrument  and  the  final  tightening  of  the  band  is 
accomplished  with  the  fingers.  The  procedure  has 
been  tried  in  over  100  dogs,  chiefly  on  the  ab- 
dominal aorta.  One  dog  has  survived  a  complete 
occlusion  of  the  thoracic  aorta  brought  about 
gradually.  When  there  is  complete  occlusion  of 
the  aorta,  and  even  when  not  quite  complete,  para- 
plegia is  observed,  and  in  the  smaller  dogs  soon 
was  followed  by  death.  In  the  survivors,  the 
paralysis  diminished  greatly  in  three  to  ten  days. 
The  paraplegia  is  associated  with  a  rapid  deposition  of  extradural  fat  in 
the  spinal  canal,  sometimes  compressing  the  cord  (Gilman).  The  effect 
of  occlusion  on  the  arterial  pressure  above  the  band  was  not  stuided 
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instrumentally  by  kymographic  tracings,  but  it  is  estimated  that  the 
pressure  below  the  band  is  diminished  in  proportion  to  the  amount  of 
occlusion.  Partial  occluding  bands  produced,  as  a  rule,  no  visible 
changes  in  the  arterial  walls,  even  after  seven  or  eight  months.  Under 
completely  occluding  bands  the  wall  usually  atrophies,  to  the  extent, 
sometimes,  of  complete  absorption  of  the  aortic  wall.  Hemorrhage  in 
such  cases  has  been  prevented  by  the  formation  of  enveloping  con- 
nective tissue.  The  dangers  to  be  apprehended  by  this  method — 
pressure  atrophy,  with  ulceration  and  hemorrhage  above  the  band, 
embolism  or  thrombosis — do  not  figure  to  an  appreciable  extent  in 
the  experimental  mortality.  Only  one  dog  died  in  the  entire  series 
of  experiments  from  hemorrhage  caused  by  pressure  ulceration  above 
the  ring.  Complete  thrombosis  has  never  been  observed.  When  the 
lumen  is  almost  or  quite  occluded,  complete  occlusion  may  result  spon- 
taneously, with  the  conversion  of  the  arterial  wall  embraced  by  the 
band  into  a  solid  cylinder  of  living  tissue. 

Practical  applications  of  this  method,  as  stated  by  Halsted  and 
his  assistant,  Sowers,  are:  (1)  In  cases  of  aneurism  where  ligation 
is  attended  with  danger  of  gangrene.  (2)  In  the  case  of  ligature  of 
the  common  or  internal  carotid,  the  occlusion  may  be  produced  grad- 
ually; and  subsequently,  should  cerebral  symptoms  develop,  the  band 
may  be  removed.  (3)  In  aortic  aneurisms,  partial  and  progressive 
occlusion  of  the  aorta  can  be  obtained  by  this  method.  (4)  The  band 
is  possibly  safer  than  the  ligature  for  calcareous  arteries.  The  bands 
have  been  applied  to  human  subjects  as  follows:  Thoracic  aorta; 
the  carotids,  five  times,  to  starve  inoperable  malignant  disease;  once 
on  the  innominate,  for  aneurism;  once  on  the  femoral,  for  popliteal 
aneurism;  in  all  with  apparently  satisfactory  results  as  far  as  the 
partial  occlusion  of  the  artery  is  concerned. 
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The   Radical   Operations. 
(I)  Aneurismotomy  (the  Antyllian  operation). 
(II)  Aneurismectomy  (the  operation  of  Philagrius  and  of  Purmann). 

(III)  Endoaneurismorrhaphy  and  aneurismoplasty. 

(IV)  Aneurismectomy  with  (a)  associated  arteriorrhaphy;  (6)  asso- 

ciated angeioplasty  (arterial  and  venous  transplantations). 
All  these  methods  have  several  features  in  common;  that  is,  they 
attack  the  aneurism  directly;  they  limit  the  interruption  of  the  circu- 
lation in  the  parent  artery  to  the  extent  of  the  aneurismal  area  only 
when  the  main  arterial  channel  cannot  be  restored;  they  all  relieve 
the  tension  in  the  peri-aneurismal  tissues  by  emptying  the  sac  or  by 
removing  it  with  its  contents.  In  these  three  important  and  funda- 
mental particulars  they  are  all  superior  to  the  methods  of  treatment 
previously  described. 

The  two  fundamental  operations,  aneurismotomy  and  aneurismectomy,  are 
almost  as  old  as  the  history  of  medicine,  at  least  as  old  as  the  Christian  era,  and 
have  been  revived  in  actual  practice  only  by  the  advance  and  accomplishments 
of  the  Listerian  period;  the  other  two  operations,  as  fundamental  procedures  (endo- 
aneurismorrhaphy, aneurismoplasty,  and  aneurismectomy  with  angeioplasty),  have 
come  into  existence  only  in  the  last  decade,  and  have  been  made  possible  solely  by 
the  conditions  and  progress  of  contemporary  surgery. 

For  full  and  interesting  information  on  the  history  of  these  procedures,  see  Broca, 
Traite"  des  Anevrysmes,  Paris,  1856;  and  A.  Koehler,  Beit.  z.  Geschichte  der  Extir- 
patio  Aneurysmatis,  Arch.  f.  klin.  Chir.,  Bd.  lxxxi.,  1906. 

Aneurismotomy. — The  operation  of  Antyllus  (Fig.  79,  2),  as 
performed  in  the  modern  period,  consists  essentially  in  opening  the 
aneurismal  sac  after  securing  the  parent  artery  with  ligatures  above 
and  below  the  sac;  the  operation  is  performed  in  the  extremities  with 
the  protection  of  the  Esmarch  or  other  constrictor.  The  clot  is  evac- 
uated and  the  constrictor  or  tourniquet  is  removed.  If  bleeding  occurs 
in  the  sac  from  the  mouths  of  the  collaterals  which  open  into  its  interior 
they  are  sought  for  and  ligated  outside  of  the  sac.  A  probe  or  catheter, 
introduced  from  within  the  sac,  is  used,  when  possible,  as  a  guide 
to  secure  the  vessel  outside  of  the  sac  (Annandale).  After  the  hemor- 
rhage has  been  arrested  the  sac  is  packed  with  aseptic  gauze  and  allowed 
to  heal  by  granulation.  As  described  by  Oribasius,  the  operation 
performed  by  Antyllus  was  always  preceded  by  a  dissection  of  the  sac 
and  a  search  for  the  afferent  and  efferent  trunks,  which  were  secured 
both  above  and  below  the  sac  before  this  was  incised;  after  the  intro- 
duction of  the  tourniquet  the  sac  was  often  evacuated  by  free  incision, 
the  main  vessel  being  secured  after  the  aneurism  had  been  emptied. 
Syme,  in  1857,  revived  and  modified  the  procedure,  while  operating 
upon  carotid  and  subclavian  aneurisms,  in  which  the  central  end  of 
the  main  artery  was  difficult  to  secure  for  prophylactic  hemostasis,  by 
making  a  small  incision  directly  into  the  sac,  just  large  enough  to 
admit  the  index-finger.  With  the  finger  he  searched  the  interior  of  the 
sac  and  located  the  afferent  opening,  plugged  it  with  the  fingers,  and 
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then  dissected  the  sac  and  ligated  the  main  artery.  While  he  was 
successful,  few  surgeons  imitated  his  boldness,  as  the  penalty  paid 
for  such  temerity  by  the  profuse  and  almost  uncontrollable  hemor- 
rhage which  followed  from  the  distal  end  and  from  the  collaterals 
was  too  great  to  justify  it.  Since  the  advent  of  asepsis  the  Antyllian 
operation  has  been  performed  more  frequently,  but  the  manifold 
objections  to  the  procedure  as  classically  performed  led  to  its  abandon- 
ment for  the  ligature  and  subsequently  for  the  method  of  extirpation. 
The  Mikulicz  operation,  a  modification  of  the  Antyllian  operation, 
was  performed  by  von  Mikulicz  several  times  with  success.  Its  chief 
object  is  to  evacuate  the  contents  of  the  sac,  after  the  arrest  of  the 
circulation  and  consolidation  of  the  sac  have  been  obtained  by  liga- 
ture. The  operation  is  divided  into  two  stages:  First,  a  ligature  is 
applied  to  the  main  vessel  on  the  Hunterian  or  Anel  plan.  After  a 
variable  time,  when  the  arrest  of  the  circulation  in  the  sac  has  been 


Fio.  82.— Provisional  (preventive)  hemostasia  with  soft  elastic  metal  clamps  in  regions  in  which 

*«,  abdoE 


the  circular  elastic  constriction  of  the  limb  is  impracticable  (neck,  root  of  limbs,  abdomen).   Note 
that  the  clamps  are  applied  as  close  to  f 
found  at  the  poles  in  fusiform  aneurism. 


that  the  clamps  are  applied  as  close  to  the  sac  as  possible  to  control  the  large  collaterals  usually 
i  fus*" 


confirmed,  the  sac  is  opened  by  an  incision  not  larger  than  is  abso- 
lutely required  for  the  evacuation  of  the  coagula  or  by  means  of  a 
puncture  with  a  large  trocar.  This  operation  has  no  advantages 
over  the  proximal  ligation  or  any  of  the  radical  operations,  and  is 
attended  with  greater  risk  than  any  of  these,  both  from  the  possi- 
bility of  secondary  hemorrhage  in  the  second  stage  and  in  not 
obviating  the  risk  of  gangrene.  It  has  nothing  to  recommend  it, 
in  spite  of  the  advocacy  of  Hoffman,  except  the  prestige  of  the  dis- 
tinguished surgeon  who  first  performed  it. 

Aneurismectomy,  Extirpation ;  Philagrius'  or  Purmann's 
Operation. — To  overcome  the  objections  which  have  been  urged 
against  the  Antyllian  method,  the  old  operation  of  aneurismectomy, 
known  clinically  as  the  operation  of  Philagrius  or  Purmann  (who  re- 
invented it  in  1680),  has  been  reintroduced.  This  operation,  thanks 
to  the  efforts  of  TrSlat  and  Polosson  (1885),  has  become  the  accepted 
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operation  of  election  on  the  continent  of  Europe.  In  England  and 
English-speaking  countries  it  has  only  recently  found  favor  and  with 
comparatively  few  surgeons,  the  Hunterian  ligature  still  holding  the 
first  rank. 

Extirpation  is  performed  as  follows:  Prophylactic  hemostasis  must 
be  obtained  in  the  extremities  by  circular  constriction  at  the  root  of 
the  limbs;  in  the  neck  and  other  parts  of  the  body,  where  circular 
constriction  is  impracticable,  the  main  circulation  of  the  aneurism 
must  be  controlled  by  a  preliminary  exposure  of  the  afferent  and 
efferent  vessels,  in  order  to  guard  against  hemorrhage.  In  doing  this, 
the  vessel  must  be  compressed  as  near  the  aneurism  as  possible;  other- 
wise, very  fierce  hemorrhage  may  occur  from  branches  given  off  be- 
tween the  ligature  and  the  sac.  Instead  of  ligatures,  the  vessel 
may  be  controlled  by  applying  forceps  or  clamps  (such  as  Crile's, 
Alleghiani's,  Billroth's,  Hoepfner's,  or  my  own),  which  obliterate  the 
lumen  without   damaging  the  intima  (Fig.  82). 

This  preliminary  control  of  the  main  vessel  is  absolutely  necessary,  if  only  to 
minimize  the  loss  of  blood  on  opening  the  sac,  as  in  the  vast  majority  of  active 
aneurisms,  especially  those  of  the  neck  or  at  the  root  of  limbs,  numerous  branches 
open  into  the  sac,  which  invariably  bleed  vigorously  and  violently,  even  after  the 
parent  trunk  has  been  well  controlled  on  both  sides  of  the  sac.  Thiel,  for  instance, 
in  extirpating  a  recent  aneurism  of  the  femoral,  in  addition  to  ligating  the  exter- 
nal iliac  artery  above  and  the  femoral  artery  above  and  below,  had  to  ligate 
the  external  circumflex  iliac,  epigastric,  profunda  femoris,  and  also  the  vein  accom- 
panying the  latter.  In  view  of  the  difficulty  of  identifying  the  satellite  vein  when 
collapsed  and  embedded  in  the  aneurismal  sac,  it  may  be  advantageous  to  adopt 
Koehler's  suggestion,  with  the  aim  of  bringing  the  vein  prominently  into  view  if 
it  is  at  all  permeable.  In  popliteal  aneurisms,  for  example,  he  applies  a  circular 
elastic  constrictor  below  the  aneurism  (peripherad),  about  the  level  of  the  calf. 
The  Esmarch  bandage  is  then  applied  from  this  level  up  to  the  middle  of  the  thigh, 
where  the  regular  constriction  is  applied.  After  the  removal  of  the  Esmarch,  com- 
plete ischemia  is  obtained  throughout  the  seat  of  operation,  leaving  a  reserve  venous 
accumulation  beyond  the  line  of  the  first  constrictor,  which  has  been  allowed  to 
remain  during  the  operation.  If  after  exposing  the  sac  there  should  be  difficulty 
in  deciding  whether  the  vein  has  been  obliterated  or  not,  the  lower  (venous)  con- 
strictor is  removed  and  the  vein  is  allowed  to  fill  up,  thus  showing  where  the  vein 
is  and  whether  it  is  permeable  or  not. 

Koehler's  expedient  can  be  applied  by  leaving  a  circular  elastic  bandage  at  the 
desired  level,  the  ischemia  of  the  limb  above  it  being  obtained  by  elevation,  gravity, 
and  circular  constriction.  Ischemia  without  the  Esmarch  bandage  should  be  pre- 
ferred in  all  cases,  but  especially  in  the  aged  or  markedly  arteriosclerotic  subjects. 

A  free  incision  is  now  made  over  the  tumor  down  to  the  aponeurosis, 
when  the  dissection  must  proceed  cautiously  with  a  view  to  avoiding 
injury  to  the  nerves  and  the  veins,  which  are  usually  displaced  and  flat- 
tened out  on  the  surface  of  the  tumor.  After  the  important  nerves  have 
been  identified,  the  sac  is  detached  from  its  surroundings  by  dry  gauze 
dissection,  unless  the  satellite  vein  is  intimately  adherent  to  the  sac. 
Instead  of  enucleating  or  dissecting  out  the  vein,  it  is  safer  to  leave  be- 
hind the  part  of  the  sac  attached  to  it  (Sonnenburg).   All  collateral  ves- 
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sels  entering  the  sac  (sometimes  very  large  and  numerous)  are  exposed  as 
the  tumor  is  brought  into  view,  and  each  one  of  these  is  ligated.  It  is 
best  to  preserve  the  sac  without  opening  it  until  it  has  been  entirely 
freed  from  its  surroundings,  removing  it  in  this  way  like  a  cyst.  Rup- 
ture and  spilling  of  the  contents  usually  occur  in  consequence  of 
preexisting  rupture  or  extreme  thinness  and  adhesion  of  the  sac  at 
various  points.  Whenever  the  sac  is  found  attached  to  important 
structures,  the  attached  part  of  the  sac  should  be  allowed  to  remain. 
If  the  vein  is  accidentally  injured,  as  is  often  the  case,  the  rent  should 
be  closed  with  the  finest  silk  or,  if  already  obliterated,  it  may  have 
to  be  extirpated.  The  extirpation  or  occlusion  of  the  main  vein  is  not 
to  be  regarded  with  indifference,  as  Kopfstein  and  his  followers  would 
lead  us  to  believe.  I  believe  that  the  preservation  of  the  vein 
under  these  circumstances  is  a  matter  of  decided  importance  to  the 
vitality  of  the  limb,  and  its  sacrifice  when  unavoidable  must  always 
be  a  source  of  anxiety  and  apprehension.  Finally,  after  the  com- 
plete enucleation  of  the  sac  or,  at  least,  as  much  of  it  as  can  be  re- 
moved without  injury  to  important  parts,  the  artery  is  ligated  at 
each  pole  and  the  tumor  excised.  After  the  removal  of  the  constrictor 
all  bleeding  points  should  be  ligated,  so  as  to  leave  an  absolutely 
dry  wound.  Otherwise  a  hematoma  may  form,  requiring  reopening 
of  the  wound. 

It  is  important,  for  the  same  reason,  or  on  account  of  previous 
infection  requiring  drainage,  that  no  tight  packs  or  tampons  be 
employed,  as  the  collateral  circulation  must  not  be  interfered  with 
by  pressure  of  any  kind.  If  possible,  the  wound  should  be  closed 
without  drainage.  The  deep  wound  is  approximated  with  interrupted 
buried  catgut  sutures,  the  skin  and  overlying  flaps  with  interrupted 
sutures.  It  is  understood  that  the  most  rigorous  asepsis  must  be 
maintained  if  primary  union  is  to  be  obtained  after  extirpation, 
especially  of  extensive  aneurisms.  The  manipulations  and  traumatism 
inflicted  in  dealing  with  old  and  irregular  sacs  in  the  femoral,  axillary, 
or  subclavian  regions  are  sometimes  very  great  even  in  the  most 
skilful  hands,  especially  in  arteriosclerotic  subjects.  The  dangers  of 
infection  and  gangrene  can  only  be  avoided  by  the  strictest  modern 
aseptic  technic. 

Postoperative  Treat?nent. — Although  it  is  evident  that  postopera- 
tive gangrene,  occurring  as  the  result  of  insufficient  vascular  supply, 
can  hardly  be  prevented  by  the  aftei -treatment,  be  it  ever  so  adequate, 
it  still  must  be  our  endeavor  to  protect  the  extremity  from  circulatory 
disturbances  by  every  available  means  at  the  operator's  command, 
especially  during  the  critical  days  following  the  operation.  A  cold 
skin  and  protracted  postoperative  cutaneous  anesthesia  are  of  evil 
omen,  and  may  be  the  precursor  of  gangrene  in  two  forms:  (1)  Total 
massive  necrosis,  starting  at  the  digits  and  progressing  centripetally 
up  to  the  level  of  the  block  in  the  artery;  or  (2)  necrosis  in  patches, 
involving  the  skin  or  underlying  parts  for  a  considerable  depth,  espe- 
cially at  pressure  points — heel,  malleoli,  etc.  To  avoid  pressure-necrosis, 
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copious  dressings  with  non-absorbent  cotton  should  be  wrapped  from 
the  digits  to  the  trunk,  especially  at  pressure  points,  and  the  position 
of  the  limb  should  be  changed  at  frequent  intervals.  Efforts  to  increase 
the  arterial  tension  by  drugs  (digalen)  when  this  is  below  normal,  or 
by  the  infusion  of  physiologic  salt  solution  by  hypodermoclysis  (6  to 
12  pints  daily,  von  Frisch),  is  indicated  in  order  to  favor  the  develop- 
ment of  the  collateral  circulation;  also  artificial  heat  applied  to  the 
entire  extremity  and  moderate  elevation  of  the  limb  (to  favor  venous 
drainage).  In  cases  in  which  the  circulation  does  not  return  in  the 
foot  after  two  hours,  the  extremity  remaining  pallid  and  cold,  the 
application  of  active  hyperemia  by  Bier's  hot-air  apparatus  or  his 
suction  apparatus  may  prove  valuable,  as  von  Frisch  has  suggested. 

Permanent  Effects. — The  comparatively  favorable  results  of  extirpa- 
tion, as  far  as  the  recovery  of  the  patient  and  cure  of  the  aneurism  are 
concerned,  are  offset  to  a  serious  extent  by  the  functional  disability 
and  local  disturbances  which  persist  long  after  the  wound  has  healed 
and  the  patient  has  recovered  from  this  operation.  Even  after 
apparently  perfect  recoveries,  the  extremity  remains  weak  and  shows 
little  resistance  to  traumatism  or  exposure.  These  local  disturb- 
ances, apart  from  actual  gangrene,  may  be  summed  up  as  anes- 
thesias, paresthesias,  local  hypothermia,  edema,  pain,  and  tropho- 
neurotic disturbances,  serious  disorders  of  motility,  which  interfere 
with  proper  locomotion.  These  effects  are  not  altogether  due  to  tropho- 
neurotic disturbances,  as  Delbet  and  Kopfstein  contend,  but  to  the 
insufficient  reestablishment  of  the  collateral  circulation,  especially  in 
old  or  arteriosclerotic  subjects.  To  improve  the  nutrition  of  the  limb 
and  encourage  the  development  of  the  circulation,  hot-water  baths, 
followed  by  gentle  surface  massage  (effleurage),  should  begin  early, — 
as  early  as  the  third  week  (von  Frisch), — and  should  be  kept  up  regularly 
for  weeks  and  months.  With  the  hot  baths  and  massage  should  be 
combined  active  and  passive  movements  of  the  joints,  which  remain 
stiff  and  often  ankylosed.  No  effort  should  be  made  to  use  the  limb 
in  walking  until  the  circulation  is  well  established,  and  then  only 
tentative  exercises  should  be  allowed.  It  is  evident  that  a  large  number 
of  cases  reported  cured  after  extirpation  are  only  imperfectly  cured, 
and  remain  unwell,  with  long-persisting  functional  disabilities. 

Extirpation  Compared  with  the  Ligature  and  Other  Methods. — Con- 
trary to  what  is  usually  believed,  the  statistical  results  of  extirpation, 
as  far  as  the  recovery  of  the  patient  and  the  limb  is  concerned,  are 
less  serious  than  the  effects  of  the  simple  ligature,  especially  the  Hun- 
terian  ligature.  Delbet  found  in  1888  that  the  mortality  of  extir- 
pation was  11.32  per  cent.,  while  that  of  the  ligature  was  18.94  per 
cent.  In  1895  he  made  a  new  statistical  compilation  of  86  cases 
of  extirpation  without  a  death,  and  8.33  per  cent,  of  operative  deaths 
after  the  ligature.  As  to  gangrene,  we  find  from  Delbet's  statistics 
that  the  ligature  has  been  followed  by  gangrene  in  7.65  per  cent,  of  the 
cases  from  1888-1895;  8.25  per  cent,  gangrene  after  extirpation;  up  to 
1888,  2.94  per  cent.;  1888-1895,  2.77  percent. 
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If  we  compare  this  with  the  other  operative  methods  as  applied  in 
the  popliteal  region  (always  a  reliable  basis  for  comparison),  we  find 
that  the  Hunterian  ligature,  42  cases,  gave  87.05  per  cent,  recoveries; 
12.95  per  cent,  failures.  Of  the  recoveries,  8  were  imperfectly  cured; 
10.50  per  cent,  of  these  had  gangrene  of  the  toes,  3  of  the  failures 
from  gangrene  requiring  amputation  of  the  leg. 

Relapses  in  Popliteal  Cases. — According  to  Delbet,  4.50  per  cent, 
of  the  ligated  cases  relapsed  and  other  methods  had  to  be  resorted  to. 
In  15  per  cent,  of  the  cases  the  operation  failed  to  give  complete  relief, 
because  of  the  persistence  of  the  tumor,  though  not  pulsating.  Radical 
operation,  same  period,  32  cases.  Extirpation  (Philagrius),  19;  incision 
and  pack,  13.     Results,  no  deaths;  cure  of  aneurism  in  all. 

Final  Results. — In  10.40  per  cent,  of  the  cases  of  extirpation, 
superficial  gangrene  of  the  foot  in  patches,  not  requiring  amputation, 
developed.  In  8.33  per  cent,  of  the  cases  operated  by  Antyllus'  method 
gangrene  followed,  requiring  amputation.  While  these  statistics,  as 
far  as  they  go,  clearly  confirm  the  clinical  a  priori  conclusion  that  either 
the  simple  incision  of  the  sac  or  extirpation  are  safer  for  life  and  limb 
than  the  ligature,  there  still  remain  a  very  serious  proportion  of  cases  in 
which  gangrene  does  occur.  In  12  extirpations  (8  popliteal,  3  femoral,  1 
temporal,  von  Frisch)  there  were  5  gangrenes  (41.6  per  cent.),  one  of 
which  compelled  amputation  of  the  leg,  and  another,  a  Lisfranc  ampu- 
tation of  the  foot  (11.5  per  cent.).  According  to  Walsham  (35  cases), 
gangrene,  superficial  and  deep,  follows  in  10.3  per  cent.,  which  har- 
monizes remarkably  well  with  Delbet's  and  von  Frisch's  experience. 
Very  optimistically,  Werner  estimates  the  occurrence  of  gangrene  after 
extirpation  at  5.71  per  cent.  It  is  evident,  therefore,  that  notwith- 
standing the  enthusiasm  of  Delbet  and  his  followers  for  this  operation, 
the  ideally  safe  operation  has  not  been  reached  in  extirpation. 

Endo-aneurismorrhaphy  (from  the  Greek  endo,  within;  aneu- 
rysma,  aneurism;  rhaphe,  suture). — The  method  of  intrasaccular  su- 
ture is  referred  to  in  the  literature  as  the  "Matas  operation."  This 
procedure  I  first  applied  on  March  30,  1888,  while  operating  upon  a 
traumatic  brachial  aneurism  which  had  resisted  proximal  and  distal 
ligature.  It  was  subsequently  systematized  as  a  method  and  carried 
out  also  in  other  cases  of  popliteal  and  femoral  aneurisms  which  were 
reported  to  the  American  Surgical  Association  in  1902.  In  this  paper 
the  application  of  the  intrasaccular  method  is  divided  into  three 
types,  to  be  applied  according  to  special  classes  of  cases:  (1)  Oblitera- 
tive  endo-aneurismorrhaphy.  (2)  Restorative  endo-aneurismorrhaphy. 
(3)  Reconstructive  endo-aneurismorrhaphy  or  aneurismoplasty. 

The  intrasaccular  method  of  suture,  as  the  name  implies,  presupposes  the  ex- 
istence of  a  complete  or  partially  formed  sac.  In  recent  traumatic  or  false  aneu- 
risms (pulsating  hematomas),  too  recent  for  the  formation  of  an  adventitious  sac, 
the  wounded  vessels  are  recognized  at  the  bottom  of  a  raw,  ill-defined,  blood-filled 
space,  without  endothelial  lining.  In  these  conditions  the  wounded  artery  may 
be  sutured  by  lateral  or  circular  arteriorrhaphy,  though  this  is  not  always  possible; 
but  should  it  be,  such  a  procedure  should  be  classed  as  a  simple  arteriorrhaphy, 
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as  the  former  term  (aneurismorrhaphy)  implies  that  the  suture  has  been  carried 
through  the  sac-walls.  Indeed,  as  elsewhere  explained,  there  is  a  great  difference 
between  the  delicate  technic  of  arterial  suture  and  that  required  to  close  arterial 
orifices  in  the  sac  of  an  aneurism  or  to  restore  the  caliber  of  an  artery  opening  into 
a  well-formed  sac.  In  this  case  it  is  much  easier  to  close  the  gap  by  suturing  the 
thick  walls  of  the  sac  which  lines  the  orifice  of  communication,  etc.,  than  to  close  an 
arterial  wound  without  obliterating  its  lumen. 

This  difference  between  aneurismorrhaphy  and  arteriorrhaphy  should  not  be 
overlooked  in  the  discussion  of  the  treatment  of  aneurism  by  suture  methods. 

The  principles  involved  in  this  method  are:  (1)  The  aneurismal  sac 
is  to  be  regarded  as  a  serous  space.  It  is  lined,  in  fully  formed  sacs,  by 
an  endothelial  membrane  of  new  formation,  identical  with  the  intima 
of  the  parent  artery,  from  which  it  is  derived  by  proliferation  from  its 
margins,  and  possibly  also  from  the  vasa  vasorum;  that  as  an  extension 
of  the  vascular  endothelium  the  intima  of  the  sac,  like  other  serous 
sacs,  is  possessed  of  the  plastic  regenerative  qualities  of  the  vascular  and 
serous  endothelia;  that  the  sac  is  to  be  compared  surgically  to  the  intima 
of  the  blood-vessels,  to  the  peritoneum,  etc.,  and  that  as  such  it  is  not 
an  inert  membrane,  to  be  regarded  as  a  foreign  and  harmful  body,  as 
heretofore,  but  as  a  living  and  sensitive  membrane  capable  of  progres- 
sive, proliferative,  and  involutionary  changes,  which  it  will  display — 
if  not  detached  from  its  vascular  connections.  If  the  internal  surfaces 
of  the  sac  be  brought  together  by  suture,  they  will  unite  promptly 
and  adhere  by  primary  plastic  union,  like  the  serous  surfaces  of  the 
peritoneum!  Therefore,  the  arterial  orifices  in  the  sac  will  be  readily 
obliterated  by  suture,  hemostasis  will  be  secured,  and  the  sac  cavity 
closed  and  excluded  from  the  circulation.  By  leaving  the  sac  undis- 
turbed from  its  surroundings  its  nutrition  will  be  preserved,  no  necrosis 
of  the  membrane  will  follow,  and  the  sac  will  not  act  as  a  foreign  body. 

(2)  That  the  disturbances  and  injury  of  the  collateral  vessels 
emanating  from  the  sac  and  those  lying  in  the  immediate  vicinity  of 
the  sac  will  be  guarded  against  by  intrasaccular  suture  as  by  no 
other  method,  and  thus  the  liability  to  gangrene  be  diminished. 

(3)  That  (a)  if  the  parent  artery  is  obliterated  strictly  within  the 
internal  boundaries  of  the  sac  by  the  intrasaccular  suture  of  its  orifices, 
and  the  intra-aneurismal  orifices  of  the  collateral  vessels  emanating 
from  the  sac  are  also,  closed  by  intrasaccular  suture,  the  interruption 
in  the  continuity  of  the  main  channel  as  well  as  in  the  collaterals  will  be 
reduced  to  the  strictest  possible  minimum;  (b)  in  proper  cases  (sacci- 
form aneurisms)  the  sac  may  be  obliterated  completely  without  inter- 
rupting the  circulation  in  the  main  artery;  (c)  in  certain  cases  (fusiform 
aneurisms)  the  parent  artery  may  be  reconstructed  by  creating  a  new 
blood-channel  out  of  the  sac-wall.  v 

(4)  That  the  collapse  of  the  sac  following  a  thorough  removal  of 
all  detachable  clot  relieves  not  only  the  intra-aneurismal  tension,  but 
also  that  of  the  peri-aneurism al  tissues  (nerves,  arteries,  and  veins), 
and  gives  the  best  possible  opportunity  for  recovery  from  pressure 
effects,  without  the  damage  inflicted  by  the  traumatism  of  extirpation. 
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(5)  That  the  satellite  vein,  which  is  so  frequently  injured  in  extir- 
pation, is  spared  when  the  intrasaccular  operation  is  properly  per- 
formed. 

(6)  That  the  sac  can  be. obliterated  and  folded  upon  itself,  so  that 
primary  union  may  be  obtained  and  the  wound  closed  without  drainage, 
thus  favoring  a  speedy  convalescence,  and  obviating  the  long-pro- 
tracted healing  by  granulation  which  was  so  objectionable  in  the  old 
Antyllus  operation.  With  these  preliminary  data  in  mind,  the  three 
different  types  of  the  intrasaccular  method  will  be  better  understood: 
^^^^^^^_     «^^^^^^™  (I)     Obliterative    endo-aneur- 

ismorrhaphy  (the  fundamental  pro- 
cedure) consists  essentially  in  open- 
^■^k  ing  the  sac  freely  without  disturbing 

mL      ^L  it  from   its   surroundings,    by  pre- 

Mk  V  liminary  dissection,  and  closing  all 

l    Mi  ^  visible  orifices  within  the  sac  with 

^  fine  chromic    gut    or  silk  sutures, 

thus  securing  complete  hemostasis 
and  permanently  stopping  all  fur- 
ther access  of  blood  into  the  aneur- 
ismal  cavity.  The  sac  is  obliter- 
ated in  various  ways,  as  will  be 
explained,  by  approximating  its 
walls  with  buried  catgut  sutures 
and  closing  the  wound  with  or  with- 
out drainage,  according  to  the  usual 
surgical  indications.  The  distinc- 
tive feature  of  the  procedure  is  that 
the  continuity  of  the  parent  vessel 
is  only  interrupted  for  a  length  cor- 
responding to  the  interval  which 
separates  the  inlet  and  outlet  of  the  aneurism  as  seen  within  the  sac 
(Fig.  83). 

The  application  of  the  obliterative  procedure  is  indicated  in:  All 
aneurisms  in  which  the  sac  is  of  the  fusiform  type,  as  defined  in  this 
article,  and  not  as  classically  described — i.  e.,  in  those  aneurisms  in 
which  the  parent  artery  is  entirely  lost  at  the  site  of  the  aneurism  by 
expanding  into  the  aneurismal  sac  throughout  its  circumference; 
also  those  in  which  the  friability  or  diseased  state  of  the  sac-walls  is 
such  as  to  preclude  all  possible  use  as  plastic  material  (atheroma, 
calcareous  degeneration).  In  these  cases  there  are  always  two  orifices 
within  the  sac  separated  by  variable  intervals,  and  there  is  no  visible 
outline  of  the  main  artery  in  the  interior  of  the  sac.  Except  in  unusual 
conditions  no  attempt  is  made  to  restore  the  continuity  of  the 
parent  artery;  the  blood-stream  is  interrupted  in  that  part  of  the  vessel 
which  directly  opens  into  the  sac,  and  the  arterial  orifices  are  simply 
closed  by  suture,  thus  shutting  off  the  sac  cavity  from  all  visible 
sources  of  blood  supply. 


Fig.  83. — Obliterative  Endo-aneuribmor- 
rhaphy.  (Matas.) 
Showing  the  orifices  in  the  aneurismal  sac 
in  process  of  obliteration  by  suture  when  the 
restoration  or  reconstruction  of  the  arterial 
channel  is  impracticable.  The  process  of  ob- 
literation can  be  effected  more  quickly  and 
thoroughly  by  the  continued  suture. 
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(II)  Restorative  Endo-aneurismorrhaphy. — This  variation  in  the 
procedure  is  solely  applicable  to  aneurisms  of  the  sacciform  type,  in 
which  the  parent  trunk  retains  its  continuity  and  normal  outline,  and 
the  aneurism  is  a  sac  simply  grafted  upon  the  vessel.  By  opening  the 
sac  freely  and  washing  out  all  detachable  clot,  the  opening  leading  to 
the  artery  is  exposed  inside  of  the  aneurism,  and  is  readily  closed  by  a 
continuous  suture  which  penetrates  through  all  the  coats  of  the  sac  at 
the  margins  of  the  orifice  of  communication.  By  this  procedure  the 
blood-supply  of  the  sac  is  permanently  arrested,  the  lumen  of  the  parent 
artery  remains  patulous,  and  the  arterial  stream  supplying  the  limb 
or  dependent  territory  is  immediately  restored  through  its  normal 
channel.     The  sac  is  then  obliterated  by  bringing  its  endothelial  surfaces 


Fig.  84. — Restorative  Endo-aneurismorrhaphy.     (Mates.) 

Applied  to  sacculated  aneurisms  with  a  single  orifice  of  communication:  A,  Showing  the  pro- 
cess of  obliteration  of  the  orifice  in  the  aneurismal  sac  without  closing  the  lumen  of  the  parent 
artery;  B,  the  obliteration  of  the  orifice  completed. 


together  by  infolding,  or  direct  apposition  with  buried  sutures,  and  the 
surface  wound  is  closed  in  the  usual  manner. 

This  method  is  indicated,  and  should  be  applied  as  an  obligate 
procedure  in  all  sacciform  aneurisms,  as  defined  in  this  article,  not  only 
in  those  in  which  there  is  a  single  orifice  of  communication  leading  to 
the  main  vessel,  but  where  there  is  a  well-defined  and  deep  furrow  or 
gutter  leading  from  the  inlet  to  the  outlet  of  the  sac.  This  deep  groove 
or  fissure  furnishes  the  outline  of  the  parent  artery,  which  is  easily 
restored  without  obliterating  the  main  channel  (Fig.  84). 

(Ill)  Reconstructive  Endo-aneurismorrhaphy  (aneurismoplasty)  is 
applicable  solely  to  aneurisms  of  the  fusiform  type  in  which  the  walls 
of  the  sac  are  firm,  elastic,  and  resistant;  where  the  two  openings  leading 
to  the  main  artery  lie  on  the  same  level,  in  close  proximity,  and  are 
situated  at  the  bottom  of  a  superficial  or  readily  accessible  sac.     In 
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aneurisms  of  this  type,  especially  those  of  traumatic  origin,  the  con- 
tinuity of  the  parent  artery  may  be  restored  by  making  a  new  channel 
out  of  the  sac-walls,  which  can  be  brought  together  by  suture  over  a 
guide  (catheter  or  drainage-tube)  inserted  into  the  proximal  and  distal 
openings  of  the  aneurism.  Before  tying  the  last  (middle)  suture  the 
guide  is  removed  and  the  channel  is  left  behind,  corresponding  to  the 
outline  of  the  original  artery  (Fig.  85).  The  sac  is  then  obliterated 
by  approximating  its  surfaces  with  fine  buried  chromic  catgut  sutures, 
as  applied  in  the  first  and  second  procedures.  The  special  indications 
for  this  type  of  the  intrasaccular  operation  are  still  under  consideration, 
and  will  be  better  defined  in  future  after  a  larger  experience  has  accumu- 
lated. In  1902,  when  my  experience  with  the  method  was  limited  to 
4  femoral  cases,  I  felt  that  there  were  probably  numerous  cases  of 
aneurism  of  the  lower  extremities,  with  edematous  cyanotic  and 


Fio.  85. — Reconstructive  Endoaneurismorrhaphy.     (Matas.) 
A,  Showing  the  method  of  closing  the  orifices  and  of  constructing  a  new  arterial  channel  in  a 
fusiform  aneurism;  B,  removal  of  the  guide.   The  same  principle  may  be  carried  out  more  effectively 
with  a  continued  suture. 

choked  limbs,  or  marked  arteriosclerotic  subjects,  in  whom  the  col- 
lateral circulation  could  with  difficulty  be  restored.  In  these  the 
preservation  of  the  main  channel  would  be  necessary  for  the  life  of  the 
limb.  Subsequent  experience  has  convinced  me  that  the  reconstruc- 
tive operation  (aneurismoplasty),  while  of  proved  value,  is  called  for 
only  in  special  cases,  in  which  (a)  the  condition  of  the  sac  is  especially 
favorable  for  the  rebuilding  of  the  lost  artery;  (b)  cases  in  which  there 
is  good  reason  to  fear  the  insufficiency  of  the  collateral  circulation, 
either  by  the  rigidity  and  disease  of  the  arteries  from  arteriosclerosis, 
or  in  consequence  of  obliteration  and  obstruction  of  the  venous  cir- 
culation. In  this  relatively  small  but  dangerous  class  of  cases  the 
reconstruction  of  the  artery  may  render  great  service  as  a  temporary 
or  permanent  expedient  by  which  the  peripheral  circulation  may  be 
maintained  pending  the  development  of  the  collateral  circuit.     While 
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in  all  traumatic  cases  in  which  there  is  no  atheromatous  disease  of 
the  affected  artery  it  is  possible  to  restore  the  continuity  of  the  artery, 
I  do  not  pretend  that  the  walls  of  a  diseased  sac,  in  which  the  elasticity 
has  been  lost,  will  permit  of  the  reconstruction  of  an  artery  possessed 
of  the  functional  qualities  of  a  normal  healthy  vessel.  In  these  cases  a 
new  provisional  channel  is  constructed  which  will  save  the  limb, 
though  it  may  be  ultimately  destined — (1)  to  undergo  obliteration  by 
progressive  endarteritis  or  thrombosis;  (2)  to  undergo  secondary  aneur- 
ismal  dilatation.  If  the  new  channel  is  gradually  obliterated,  the  cir- 
culation will  have  had  an  opportunity  to  readjust  itself,  and  the  result 
will  be  like  that  of  an  obliterative  endo-aneurismorrhaphy  or  of  an 
extirpation.  If  secondary  dilatation  and  relapse  take  place,  as  have 
already  happened  in  2  cases,  it  will  be  safe  to  reopen  the  sac  and  then 
perform  an  obliterative  endo-aneurismorrhaphy,  as  has  been  done 
successfully  in  the  only  case  in  which  it  has  been  attempted  (Danna), 
on  the  assumption  that  the  collateral  circulation  has  had  time  to 
develop. 

The  Blood-pressure  Test  as  an  Aid  in  Determining  the  Choice  of 
Operations  (Korotkow's  Method). — The  conditions  which  must  deter- 
mine in  any  given  instance  whether  a  reconstructive  operation  is 
indicated  or  an  obliterative  operation  can  be  performed  with  ab- 
solute safety  or  not,  will  never  be  answered  satisfactorily  until  an 
unerring  clinical  test  of  the  adequacy  of  the  collateral  circulation  after 
the  preliminary  compression  of  the  main  trunk  which  feeds  the  aneur- 
ism shall  be  at  our  command.  The  method  of  determining  the  pe- 
ripheral blood-pressure  in  the  very  tips  of  the  extremities  recently 
devised  by  the  Russian  surgeon,  Korotkow,  as  the  result  of  his  ex- 
perience with  arteriovenous  aneurisms  in  the  Russo-Japanese  War, 
and  applied  successfully  by  him,  Petrov,  and  v.  Oppel,  may  prove  the 
final  solution  of  the  problem. 

If  the  peripheral  blood-pressure  is  shown  by  the  manometer  (a 
modified  Gartner's  tonometer)  to  be  more  or  less  sustained  after  the 
compression  of  the  main  trunk  above  the  aneurism,  then  the  obliter- 
ative operation  may  be  safely  applied.  If,  on  the  other  hand,  the 
blood-pressure  falls  to  zero,  it  is  evident  that  the  collateral  circulation 
is  inadequate  and  that  no  chance  should  be  taken  with  the  obliterative 
operation  or  with  any  procedure  whatever  (ligature,  extirpation,  etc.) 
which  would  permanently  occlude  the  parent  artery.  There  are,  un- 
fortunately, many  fallacies  which  underlie  the  application  of  blood- 
pressure  tests,  especially  where  these  are  most  needed,  viz.,  in  aneur- 
isms of  the  popliteal,  femoral,  and  iliac  arteries.  Furthermore,  any 
test  depending  upon  change  of  color  in  the  extremities  (e.  g.,  Gartner's 
tonometer)  is  not  only  technically  difficult  to  apply  to  the  toes, 
but  is  practically  worthless  when  used  on  negroes.  Furthermore, 
in  testing  for  the  efficiency  of  the  collateral  circulation,  the  main 
trunk  should  be  compressed  immediately  above  the  aneurism,  and 
this  is  very  difficult  and  practically  impossible  with  the  majority 
of  popliteal,  low  femoral,  iliofemoral,  and  iliac  aneurisms.  Therefore, 
vol.  v — 18 
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Korotkow's  test  is  at  present  applicable  only  in  the  upper  extremity, 
where  it  is  less  valuable. 

In  a  general  way  it  may  be  said  that  whenever  the  peripheral 
parts  (digits,  feet,  or  hands)  remain  cadaverically  pale  and  cold  and 
show  no  vascular  flushing  or  active  hyperemic  blush  upon  removing 
an  Esmarch  elastic  bandage  while  digital  pressure  is  being  maintained 
upon  the  main  artery  of  the  limb  above  the  aneurism,  and  if  the  cada- 
veric appearance  remains  as  long  as  the  finger  is  kept  on  the  main 
trunk,  it  will  be  well  to  delay  operative  interference  with  the  hope  that 
the  collaterals  may  develop.  However,  whenever  there  is  much 
edema  and  tension  of  the  peri-aneurismal  tissues,  as  in  the  popliteal 
region  especially,  it  is  evident  that  the  more  quickly  the  sac  is 
evacuated  the  more  promptly  will  the  collateral  circulation  be  relieved 
and  improved. 

When,  however,  there  is  no  urgent  need  of  interference  and  there  is 
reason  to  suspect  by  the  above  tests  that  the  collateral  circuit  is  in- 
sufficient, it  may  be  advantageous  to  resort  to  preliminary  digital  or 
instrumental  compression  of  the  main  artery  in  order  to  develop  the 
collaterals.  Although  this  method  has  been  utilized  in  practice  for 
many  years,  and  is  largely  lauded  by  the  Japanese  surgeons,  whose 
large  experience  in  the  treatment  of  traumatic  aneurisms  entitles 
their  opinions  to  special  consideration,  it  is  not  to  be  trusted  as  reliable 
or  as  free  from  danger.  It  cannot  be  trusted  in  old  atheromatous 
subjects  with  rigid  arteries  in  whom,  in  addition,  the  prolonged  com- 
pression of  the  main  artery  may  lead  to  thrombosis  and  embolism 
in  the  distal  parts  with  gangrene,  thus  bringing  about  just  the  result 
which  the  procedure  is  intended  to  avoid.  In  all  traumatic  cases, 
in  young,  vigorous,  healthy  subjects  with  elastic  arteries,  the  prelim- 
inary compression  of  the  artery  should  prove  a  valuable  addition  to 
the  operative  treatment.  In  all  doubtful  cases,  in  fact,  in  all  cases, 
it  is  desirable  not  to  operate  too  early  after  the  development  of  the 
aneurism.  Time  should  be  given  in  acute  traumatic  aneurisms  for 
the  development  of  the  sac  to  full  maturity,  not  only  to  give  time  for 
the  development  of  the  collateral  circulation,  but  also  to  favor  the 
obliteration  of  the  sac  and  of  its  orifices  by  intrasaccular  suture. 
Undue  haste  in  operating  on  traumatic  cases,  especially  when  the  sac- 
walls  are  not  well  lined  with  endothelium,  will  not  permit  of  the  easy 
closure  of  the  orifice  of  the  wounded  artery,  which  still  remains  as  a  dis- 
tinct trunk  at  the  bottom  of  the  cavity  and  will  compel  the  application  of  an 
obliterative  ligature  on  each  side  of  the  wound  (intrasaccular  ligature), 
when  by  a  little  delay  the  closure  could  often  be  accomplished  without  total 
obliteration.  The  experience  of  the  military  surgeons,  both  Russian 
and  Japanese,  confirm  all  the  advantages  of  delay  in  allowing  the  sac 
to  form  fully  before  operating,  though  their  object  in  delaying  opera- 
tions was  chiefly  to  give  an  opportunity  to  the  collateral  circulation 
to  develop.  In  pathologic  aneurisms,  if  the  cautious  compression  of 
the  main  trunk  and  the  gradual  development  of  the  aneurism  are  not 
followed  by  improvement  in  the  arterial  pressure  after  the  temporary 
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digital  obliteration  of  the  main  trunk,  any  obliterative  procedure  is 
contra-indicated,  and  gradual  obliteration  by  Halsted's  bands  or  by 
reconstructive  endo-aneurismorrhaphy  offers  the  only  hope  of  cure 
without  gangrene. 

Commentaries  on  the  General  Technic. — The  intr&saccular  method  is 
much  simpler,  easier,  and  safer  than  extirpation,  because  it  is  all  con- 
ducted within  the  sac  and  the  peri-aneurismal  tissues  are  not  exposed 
or  disturbed.  That  it  is  not  difficult  of  execution  is  attested  by  the 
fact  that  quite  a  number  of  the  operations  referred  to  have  been  per- 
formed successfully  by  young  surgeons  who  began  their  apprenticeship 
in  the  treatment  of  aneurism  by  the  performance  of  this  operation. 
Judgment,  however,  is  required  in  determining  the  class  of  cases  in 
which  the  reconstructive  operation  is  indicated,  and  also,  after  its 
selection  is  determined,  in  the  mode  of  constructing  the  new  tube. 
This  should  always  be  made  by  a  continued  stitch,  which  may  be 
simply  whipped  over  with  an  occasional  recurrent  (back-stitch)  at 
intervals,  in  order  to  lock  it  and  to  secure  perfect  hemostatic  sealing 
of  the  line  of  suture.  The  new  channel  should  be  of  smaller  caliber 
than  that  of  the  parent  artery,  as  seen  usually  at  the  inlet  and  outlet 
of  the  aneurism,  where  the  vessel  often  dilates  into  trumpet-shaped 
extremities;  the  suture  should  always  take  in  the  entire  thickness  of  the 
sac-wall,  up  to  its  external  layer,  so  as  to  obtain  a  firm  grip  of  the  tunics. 
It  should  always  begin  well  above  and  beyond  the  margin  of  the  proximal 
and  distal  orifices,  in  order  to  contract  these  gradually  to  the  caliber 
of  the  new  tube,  which  should  be  just  large  enough  to  allow  the  column 
of  blood  to  go  through  easily;  it  should  be  about  one-half  the  diameter 
of  the  parent  vessel,  with  the  view  of  favoring  secondary  obliteration 
rather  than  dilatation.  The  first  line  of  sutures  should  always  be  rein- 
forced when  possible  by  an  additional  superimposed  row  of  continued 
sutures  taken  through  the  folds  of  the  relaxed  and  corrugated  walls  of 
the  sac  on  each  side  of  the  first  line  of  sutures.  It  is  an  error  to  believe 
that  the  smooth,  glistening  endothelial  surfaces  of  the  sac  must  be 
refreshed  in  order  to  secure  better  union,  as  some  surgeons  believe. 
The  preliminary  denudation  of  the  margins  to  be  sutured  is  injuri- 
ous, and  is  no  more  necessary  than  the  preliminary  denudation  of  the 
endothelial  layer  of  the  peritoneum  to  secure  a  firm  union  of  the 
serous  surfaces.  In  fact,  the  more  polished  and  glistening  the  endothe- 
lial surface,  the  better  it  is  for  plastic  adhesion.  In  performing  the 
reconstructive  operation,  a  rubber  tube  of  the  estimated  caliber  should 
be  used  as  a  guide  after  it  has  been  well  lubricated  with  sterile  vaselin 
(and  the  suturing  material  also)  in  order  to  diminish  the  tendency  to 
thrombotic  coagulation,  as  well  shown  by  Carrel.  In  the  obliterative 
operation,  after  closing  the  main  orifices,  careful  search  should  be  made 
everywhere  for  the  openings  of  collaterals.  This  is  aided  by  scrubbing 
the  sac-wall  with  gauze  soaked  in  sterile  saline  solution  and  wiping  away 
the  loosely  adherent  laminated  clot.  The  organized  and  fully  adherent 
pseudomembrane  should  remain  undisturbed.  The  suture  material  is 
preferably  No.  0  or  00  chromic  catgut,  or  fine  ophthalmic  silk,  dipped 
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in  vaselin.  The  silk  is  especially  indicated  when  fine  needles  are 
necessary  to  close  small  orifices.  The  best  needles  are  the  semi-  and 
full-curved  intestinal  needles  of  the  Hagedorn,  Kirby,  Mayo,  and 
Fergusson  type,  or  conjunctival  needles.  It  should  be  mentioned  that 
the  suture  of  the  aneurismal  orifices  is  not  so  delicate  an  operation  as 
lateral  or  circular  arteriorrhaphy  in  a  normal  artery,  for  which  only  the 
finest  needles  (No.  16,  17,  Kirby)  and  the  finest  silk  or  linen  thread 
(No.  500)  are  suitable.  The  occlusion  of  the  usually  large  orifices  in 
an  aneurismal  sac  is  a  comparatively  gross  affair,  which  any  one  can  do 
well  who  is  competent  to  close  an  intestinal  perforation  or  perform  a 
Witzel  gastrostomy. 


Fig.  86.  Fig.  87. 

Fiob.   86,  87. — The  Radical  Cure  of  Aneurism    bt  the   Intra  saccular  Method.    (Matas.) 

Treatment  op  the  Sac  by  Method  I. 

Fio.  86. — Diagram  showing  sectional  view  of  the  obliterated  aneurismal  sac  when  the  lumen  of 
the  parent  artery  is  preserved  and  the  vessel  originally  communicates  with  the  aneurism  by  a 
single  orifice.  (Restorative  and  reconstructive  endo-aneurismorrhaphy.)  /,  First  line  of  sutures 
which  close  the  orifice  of  communication  and  restore  the  lumen  of  the  parent  vessel;  //,  second 
row  of  protecting  sutures  which  also  reduce  the  size  of  the  sac;  ///,  supporting  through -an  d- 
through  sutures,  which  bring  the  roof  and  floor  of  the  aneurism  in  contact;  Iv,  sutures  which  hold 
the  skin-flap  and  sac  in  contact  with  the  bottom  of  the  cavity. 

Fig.  87. — Section  diagram  showing  method  of  obliterating  the  aneurismal  sac  in  obliterative 
endo-aneurismorrhaphy.  In  this  class  of  cases  the  tunics  of  the  parent  artery  blend  with  the  sac,  and 
the  arterial  channel  cannot  usually  be  restored.  The  diagram  shows  the  first  row  of  sutures  (/) 
which  obliterates  the  orifice  of  the  artery  at  the  bottom  of  the  sac.  The  second  row  of  sutures 
is  shown  higher  up  (//);  and  also  the  effect  of  this  row  in  reducing  the  capacity  of  the  sac.  The  ob- 
literation ot  the  remaining  part  of  the  cavity  by  folding  in  or  inverting  the  sac-walls  with  the 
attached  overlying  skin  is  shown  in  ///.  The  function  of  the  deep  sutures  (/  V)  tied  over  gauze 
pad*,  and  of  the  more  superficial  skin  sutures  (D  in  obtaining  firm  contact  of  the  opposed  surfaces, 
is  also  shown.  This  illustration  is  purely  schematic,  it  gives  an  exaggerated  idea  of  the  size  of  the 
sac-walls,  and  is  chiefly  intended  to  give  an  idea  of  the  position  of  the  sutures  and  other  parts. 


Treatment  of  the  Sac. — This  is  one  of  the  distinctive  features  of  the 
operation,  and  is  susceptible  of  variations  according  to  conditions. 
The  fundamental  point  is  that,  in  order  to  obliterate  the  cavity  of  the 
sac,  the  endothelial  surfaces  must  be  approximated  so  that  no  dead 
spaces  are  left  behind. 

Method  I. —  Total  obliteration  of  the  sac  by  suture  and  inversion 
of  the  skin-flaps. 

In  the  large  typical  aneurisms,  the  collapse  of  the  sac  after  incision 
and  emptying  of  the  clot  is  followed  by  the  pleating  or  corrugation  of 
the  relaxed  walls  in  longitudinal  folds.  In  these  cases  my  typical 
method  of  treating  the  sac  is  recommended.  In  a  popliteal  or  a  femoral 
aneurism,  for  example,  the  typical  method,  after  the  obliteration  of  the 
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orifices  by  separate  suture,  would  consist  in  first  taking  up  the  lateral 
folds  from  the  deepest  part  of  the  sac  and  bringing  them  together 
in  the  middle  line  by  a  continuous  suture  extending  from  one  pole  of 
the  sac  to  the  other,  the  folds  being  brought  into  apposition  very  much 
as  folds  of  peritoneum  would  be  brought  together  by  a  continued  Lem- 
bert  suture.  If  there  is  a  surplus  of  material  near  the  surface,  it  will 
be  proper  to  contract  the  cavity  still  further  by  additional  tiers  of 
sutures,  thus  obliterating  the  deep  part  of  the  sac  and  bringing  it  much 
nearer  the  surface.  Whatever  remains  of  the  sac  is  then  turned  upon 
itself  with  the  superimposed  and  adherent  skin-flaps  which  result  from 
thte  primary  incision  (see  Figs.  86,  87).  In  this  way  the  wound  is  closed 
without  leaving  dead  spaces  and  without  need  of  drainage. 

Method  1L — Total  obliteration  of  the  sac  by  suture,  leaving  the  sac 
buried  in  the  wound,  without  inversion  of  the  skin-flaps  and  without 
drainage. 

This  is  indicated  in  comparatively  small  aneurisms  in  deep  places 
and  in  muscular  and  fat  subjects.  In  deep  popliteal  and  femoral 
aneurisms  especially,  in  which  the  skin-flaps  will  not  stretch  enough 
to  reach  to  the  bottom  of  the  deep  cavity,  the  obliteration  of  the  sac  is 
obtained  by  running  through  it  a  series  of  continued  buried  sutures  in 
superimposed  tiers,  which  bring  together  its  entire  inner  surface.  This 
method  has  been  adopted  more  often  than  any  other. 

Method  HI. — The  cavity  of  the  sac  is  not  obliterated,  but  is  lined 
with  sliding  skin-flaps  or  grafts. 

This  method  is  similar  to  that  adopted  by  Neuber  in  healing  rigid 
bone  cavities — "Capitonnage"  of  the  French — and  is  reserved  for  those 
cases  in  which  the  sac  is  large  and  deep,  with  rigid  bottom  and  walls, 
from  old  peri-aneurismal  adhesions,  or  in  some  popliteal  sacs  which 
adhere  to  the  posterior  surface  of  the  femur  and  to  the  ligaments  of  the 
knee-joints,  the  sac  not  collapsing  or  pleating  in  relaxed  folds  as  in  the 
majority  of  the  cases.  If  possible,  the  skin-flaps  should  be  tacked  to 
the  bottom  with  catgut  sutures,  or  at  least  to  the  sides  as  far  as  they 
will  stretch  without  risk  of  sloughing.  If  the  cavity  cannot  be  "Neu- 
berized"  in  this  way,  in  its  entirety,  as  much  of  the  walls  as  possible 
should  be  lined  by  skin  and  the  remaining  exposed  surface  should  be 
skin-grafted  or  covered  with  silver-foil  until  granulations  have  formed, 
when  it  may  be  grafted.  Usually  the  surface  left  uncovered  is  small 
enough  to  be  covered  by  the  relaxed  skin-flaps.  It  is  also  possible 
that  in  some  cases  the  entire  raw  surface  may  be  covered  by  the  help 
of  relaxation,  incision,  and  pedunculated  flaps  borrowed  from  the 
vicinity,  but  this  should  be  avoided  when  the  nutrition  of  the  skin  is 
impaired  and  there  is  risk  of  sloughing  from  ischemia. 

Method  IV. — In  ruptured  and  infected  sacs  with  irregular  inter- 
muscular diverticula,  it  is  often  impossible  and  undesirable  to  attempt 
the  obliteration  of  the  dead  spaces.  In  these  cases,  after  the  suture 
of  the  orifices,  and  after  complete  hemostasis  has  been  secured,  the 
adherent  healthy  remnants  of  the  sac  may  be  obliterated  and  the 
detached  and  superfluous  parts  excised.     The  deep  wound   can  be 
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contracted  in  places  with  buried  sutures,  and  the  remaining  space 
lightly  packed  with  sterile  or  antiseptic  iodoform  gauze  soaked  in  balsam 
of  Peru,  which  can  be  allowed  to  remain  for  a  week  or  longer  until  a 
firm  granulation  layer  is  obtained. 

Method  V. — For  intraperitoneal  cases — e.  g.,  iliac  aneurisms.  In  these 
the  sac  is  not  disturbed  from  its  peritoneal  cover  and  the  serosa  is 
utilized  with  even  greater  advantage  than  the  skin-flaps  in  the  same 
manner  as  that  prescribed  for  external  aneurisms.  After  the  hemo- 
static suture,  the  sac  is  totally  obliterated  by  internal  suture  and  the 
peritoneum  is  closed  over  the  level  of  the  sac,  or  the  sac  is  partially 
obliterated  by  intrasaccular  suture  and  the  remaining  space  is  infolded 
upon  itself,  including  the  peritoneal  surfaces  of  the  sac  flaps,  which 
are  brought  into  apposition  and  held  in  place  by  transfixion  or  by  a 
continued  row  of  Lembert  sutures. 

Prophylactic  hemostasis  is  absolutely  essential,  not  only  for  the 
protection  of  the  patient,  but  also  for  the  proper  methodic  and 
deliberate  application  of  the  suture  technic.  In  the  peripheral  aneu- 
risms, beyond  the  root  of  the  limb  (popliteal,  femoral,  brachial),  absolute 
hemostasis  is  obtained  by  Esmarch's  constrictor  after  the  limb  has  been 
drained  by  elevation  or  gravity.  In  the  aneurisms  of  the  root  of  limbs 
(inguinal,  axillary,  subclavian,  and  carotid)  the  preliminary  hemostasis 
can  only  be  obtained  by  securing  the  parent  trunk  above  and  below  the 
aneurism,  and  as  near  the  sac  as  possible,  without  dissecting  it.  For 
this  purpose  I  have  devised  a  special  clamp  which  compresses  the 
artery  at  each  pole  of  the  sac  and  below  it  so  as  to  control  the  vessels 
given  off  immediately  at  the  entrance  and  the  exit  of  the  artery  into 
and  from  the  sac;  but  ordinary  curved,  long,  soft  elastic  clamps  of 
the  Doyen  model  will  also  accomplish  the  purpose.  In  the  groin 
severe  hemorrhage  may  occur  from  the  profunda  upon  opening  the 
sac,  even  after  the  common  femoral  has  been  controlled  by  proximal 
traction  loop  or  clamp.  In  these  cases,  to  avoid  the  recurrent  flow  from 
the  obturator,  gluteal  and  sciatic,  it  is  the  safer  plan  to  begin  the  opera- 
tion by  a  preliminary  laparotomy,  which  will  allow  the  common  iliac 
to  be  compressed  with  a  traction  loop  or  a  clamp  held  by  an  assistant. 
While  this  is  being  done,  it  will  also  be  advantageous  to  compress  the 
abdominal  aorta,  especially  during  the  moment  when  the  sac  is 
opened.  This  secures  an  absolutely  bloodless  field  and  permits  the 
operator  to  work  in  the  aneurism  with  perfect  ease  and  deliberation.1 
In  subclavian  aneurisms  the  innominate  should  be  compressed  with 
a  traction  loop  in  aneurisms  of  the  first  or  middle  third,  on  account  of 
profuse  bleeding  from  the  vertebral  and  internal  mammary  and  of  other 
branches. 

Endo-aneurismorrhaphy  is  indicated  in  every  form  of  peripheral  or 
internal  aneurisms  in  which  the  method  of  extirpation  or  of  Antyllus  is 
practicable.    It  is  just  as  radical  an  operation  as  the  methods  hitherto 

1  Sometimes,  in  spite  of  aortic  compression,  the  epigastric  may  bleed  into  the 
sac,  as  in  a  recent  iliofemoral  aneurism  I  operated  upon.  This  vessel  is  easily  con- 
trolled by  digital  pressure  and  clamping  in  the  sac. 
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applied  for  the  cure  of  aneurism,  and  has  all  the  advantages  of  extir- 
pation with  none  of  their  dangers  or  disadvantages.  In  the  restorative 
and  reconstructive  types  of  the  operation,  it  not  only  spares  the  collateral 
circulation  in  its  entirety,  but  it  restores  the  parent  trunk  permanently 
in  the  sacciform  cases  and  provisionally  (in  all  probability)  in  the 
fusiform  arteriosclerotic  cases.  In  this  way  it  deliberately  challenges 
for  the  first  time  in  surgical  history  the  law  laid  down  by  Scarpa,  which 
has  remained  an  immutable  and  unshaken  principle  in  surgery  from  the 
time  it  was  first  enunciated  by  that  remarkable  surgeon  over  one  hundred 
years  ago  to  the  present  time.  According  to  Scarpa,  "  it  is  a  certain  and 
incontrovertible  fact  in  practical  surgery  that  a  complete  and  radical 
cure  of  aneurism  cannot  be  obtained  in  whatever  part  of  the  body  this 
tumor  (aneurism)  is  situated  unless  the  ulcerated,  lacerated,  or  wounded 
artery  from  which  the  aneurism  is  derived  is,  by  the  assistance  of  nature, 
or  of  nature  combined  with  art,  obliterated  and  converted  into  a 
perfectly  solid  ligamentous  substance,  from  a  certain  space  above  and 
below  the  place  of  the  ulceration,  laceration,  or  wound/ '  This  ulti- 
matum, so  thoroughly  confirmed  by  the  experience  of  surgery  (see  the 
evidence  in  the  monumental  work  of  Ballance  and  Edmunds,  loc.  cit.), 
is  no  longer  tenable  as  an  absolute  truth,  since  the  substitution  of 
the  suture  for  the  ligature  has  permitted  the  aneurismal  sac,  in  a  very 
considerable  percentage  of  the  cases,  to  be  obliterated  without  inter- 
rupting the  continuity  of  the  parent  artery. 

Statistical  Conclusions,1 — On  June  1,  1908,  when  I  submitted  my 
last  summary  of  the  reported  cases  of  endo-aneurismorrhaphy  at 
the  meeting  of  the  Surgical  Section  of  the  Amernica  Medical  Asso- 
ciation, held  in  Chicago  (Jour.  Amer.  Med.  Assoc,  Nov.  14,  1908), 
I  reported  85  cases,  operated  by, 52  surgeons  (49  American  and  3  for- 
eign). Seventy-seven  of  these  operations  should  be  classed  as  typical 
and  8  as  atypical.  The  arteries  involved  were  distributed  as  follows: 
External  iliac,  1;  gluteal,  1;  iliofemoral,  5;  femoral,  18;  popliteal,  50; 
posterior  tibial,  1;  external  carotid,  1;  subclavian,  1;  subclavio-axillary, 
2;  axillary,  1 ;  brachial,  2;  aortic,  2.  Total,  85.  Over  58  per  cent,  were 
popliteal;  over  21  per  cent,  femoral.  Of  these  85  operations.  59  were 
of  the  obliterative  type  (69  per  cent.) ;  13  of  the  restorative  type  (15.4 
per  cent.);  and  13  of  the  reconstructive  type  (15.4  per  cent.). 

Of  the  50  popliteal  aneurisms,  28  were  treated  by  the  obliterative 
method,  8  by  the  restorative,  and  10  by  the  reconstructive.  Of  the 
18  femoral,  11  were  obliterative,  6  restorative,  1  reconstructive. 
Of  the  85  patients,  78  recovered;  7  died;  4  suffered  from  gangrene  (of 
some  part  of  the  lower  extremities);  4  relapsed  (only  in  the  recon- 
structive cases).  In  the  obliterative  group  (59  cases)  there  were  6 
deaths;  in  the  restorative  (13  cases),  no  deaths;  in  the  recon- 
structive (13  cases),  1  death.     Secondary  hemorrhage  occurred  once 

1  Since  this  publication  in  June,  1908,  and  while  this  article  is  going  through  press, 
I  have  received  further  reports  which  have  increased  the  statistics  of  endo-aneuris- 
morrhaphy from  85  to  110  cases,  a  large  proportion  of  which  (17)  are  popliteal, 
femoral,  and  iliac — all  recoveries  without  gangrene. 
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in  the  obliterative  group  (iliofemoral),  none  in  the  restorative,  and 
once  in  the  reconstructive  (popliteal) ;  total  secondary  hemorrhage,  2. 
Of  the  7  postoperative  deaths,  5  should  be  eliminated  from  the  list 
as  not  attributable  to  the  method,  but  to  accidental  circumstances 
common  to  wounds  in  general;  thus:  tetanus,  1  case  (Stafford); 
pulmonary  embolism,  1  (Levi  Old) ;  rupture  of  a  secondary  aneurism 
(iliac)  at  a  distance  from  original  (femoral)  aneurism,  1  (Stafford); 
2  abdominal  aortic  aneurisms  (Lozano  and  Munro),  in  which  the  con- 
dition of  the  vessel  precluded  the  satisfactory  application  of  provi- 
sional hemostasis.  If  these  5  cases  are  eliminated,  the  mortality  would 
be  reduced  from  7  to  2  deaths  in  85  cases,  or  2.3  per  cent.;  gangrene,  4 
in  85  cases,  occurred  only  in  obliterative  operations  (4.6  per  cent.),  but 
if  we  eliminate  two  popliteal  aneurisms,  in  which  the  vein  was  simul- 
taneously ligated  for  accidental  injury  (Lozano,  Stafford),  and  1  ilio- 
femoral, in  which  gangrene  followed  the  ligature  of  the  external  iliac 
for  hemorrhage  in  the  sac  at  a  lower  point,  the  percentage  of  gangrene 
legitimately  attributable  to  the  intrasaccular  operation  would  be  1  in 
85,  or  1.1  per  cent. 

Relapses. — These  occurred  only  in  the  reconstructive  operations 
(4  in  13  operations);  28.9  per  cent,  of  the  group,  or  of  the  total,  4  per 
cent.  It  is  to  be  noted  that  in  one  of  these  cases  the  aneurism  was 
cured  permanently  after  the  relapse  by  a  secondary  obliterative  oper- 
ation (popliteal,  Danna),  and  from  a  previous  knowledge  of  the  con- 
ditions existing  in  the  sac  in  two  other  cases,  one  popliteal  (Morris) 
and  one  iliofemoral  (Danna),  there  is  every  reason  to  believe  that  a 
permanent  cure  could  have  been  safely  effected  if  the  sac  had  been 
reopened  and  obliterated  after  the  relapse  following  the  reconstructive 
operation  had  been  recognized. 

In  only  one  case  (popliteal,  Binnie)  the  local  conditions  would  have 
been  apparently  unfavorable  to  any  form  of  local  intervention. 

In  view  of  the  fact  that  the  cases  reported  have  been  largely  com- 
piled after  diligent  search  in  the  United  States  and  without  any  at- 
tempt at  selection,  these  statistics  are  remarkably  satisfactory  when 
compared  with  those  of  extirpation  and  other  methods  in  which  a 
very  considerable  percentage  of  the  fatal  or  unfortunate  cases  fail  to 
appear. 

It  is  interesting  to  note  that  many  of  the  operations  reported  in 
my  collection  of  endo-aneurismorrhaphies  have  been  successfully  per- 
formed by  young  surgeons  who  have  begun  their  apprenticeship  in  the 
surgical  treatment  of  aneurism  by  the  intrasaccular  operation. 

It  is  evident  that  the  intrasaccular  method  cannot  cope  with 
thoracic  or  abdominal  aneurisms  unless  those  be  of  the  sacciform  type, 
in  which  the  sac  can  be  obliterated  without  occluding  the  lumen  of 
the  parent  artery.  The  unfavorable  conditions  in  both  cases  thus  far 
reported  are  well  illustrated  by  Lozano 's  case,  in  which  the  aorta  crushed 
like  an  egg-shell  under  the  clamps  applied  to  obtain  provisional  control 
of  the  circulation.  In  these  cases  better  results  may  be  expected  from 
gradual  obliteration  by  Halsted's  metallic  rings,  though  even  then  the 
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diseased  arteries   may   become    thrombosed  or  ulcerate,  with  fatal 
secondary  hemorrhage. 

In  fine,  while  the  intrasaccular  method  aims  at  and  accomplishes 
a  cure  of  the  aneurism  with  greater  safety  to  the  limb  and  life  of  the 
patient,  there  will  always  remain  certain  cases  in  which  gangrene  will 
occur  from  embolism  or  thrombosis  or  other  unavoidable  and  accidental 
causes,  which  are  started  into  activity  whenever  the  circulation  is 
even  provisionally  arrested  for  hemostatic  purposes,  as  in  Frazier's 
case. 

(IV)  The  Method  of  Intrasaccular  Ligature  (the  Method  of 
Syme  and  Annandale) . — This  method  is  applicable  to  traumatic  aneur 
risms  with  or  without  fully 
formed  adventitious  sacs  of 
recent  formation,  in  which 
the  wounded  artery  is  recog- 
nized at  the  bottom  of  the 
sac  and  is  damaged  too  ex- 
tensively to  permit  of  lateral 
or  circular  arteriorrhaphy.  In 
the  majority  of  these  cases, 
in  which  the  walls  of  the  sac 
are  well  defined  and  the  edges 
of  the  wounded  artery  are  con- 
tinuous with  those  of  the  new 
sac-wall,  the  obliterative,  re- 
storative, or  reconstructive  types 
of  the  intrasaccular  method 
of  suture  (endo-aneurismor- 
rhaphy),  according  to  condi- 
tions, are  not  only  more  easily 
applied,  but  are  safer. 

The  intrasaccular  ligature  of  the  main  artery  inside  of  the  aneurismal 
sac  was  practised  by  Syme  (1861)  and  Annandale,  of  Edinburg  (1885), 
who  advised  that  the  orifice  be  searched  for  in  the  sac  of  traumatic 
aneurisms  and,  after  finding  it,  in  order  to  facilitate  the  ligature  of  the 
trunk,  that  a  probe  or  catheter  be  introduced  as  a  guide  into  the  lumen 
of  the  artery  upward  on  the  proximal  side  and  downward  toward  the 
periphery.  A  small  incision  was  then  to  be  made  through  the  floor 
of  the  sac,  on  each  side  of  the  orifice,  corresponding  to  the  wound  in  the 
artery.  Through  this  small  incision  a  ligature  was  to  be  carried  around 
the  vessel  and  tied,  the  catheter  being  withdrawn  as  the  ligature  was 
tied.  The  same  maneuver  was  to  be  repeated  on  the  proximal  side, 
and  in  this  way  the  bleeding  orifice  was  completely  controlled  without 
dissecting  the  sac  in  its  entirety,  avoiding  the  disturbances  in  the 
peri-aneurismal  tissues  that  would  be  necessitated  by  an  extrasaccular 
ligature  or  by  a  total  extirpation.  This  excellent  suggestion,  which 
is  quite  effective  in  pure  traumatic  aneurisms,  is  not  as  satisfactory 
in  the  spontaneous  or  pathologic  aneurisms,  in  which  the  aneurismal 


Fig.  88. — Annandalk'b  Method  or  Intrasaccular 
Ligature.  (Annandale.) 
a,  Ori6ce  leading  to  nutrient  artery  of  aneurismal 
sac;  6,  metal  catheter  used  as  a  guide;  c-d,  two  small 
incisions  made  on  each  side  of  the  guide  to  allow  the 
aneurism  needle  (e)  to  carry  the  ligature  around,  and 
under  the  artery. 
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sac  is  formed  at  the  expense  of  the  tunics  of  the  parent  artery.  In  the 
spontaneous  fusiform  and  sacciform  aneurisms  the  segment  of  the 
artery  involved  in  the  aneurismal  process  gives  off  important  and  often 
large  collaterals,  especially  in  the  upper  femoral,  popliteal,  axillary, 
and  subclavian  aneurisms.  Therefore,  the  mere  ligature  of  the  main 
vessel  in  the  sac  is  not  sufficient  to  arrest  the  hemorrhage  which 
follows  in  the  sac  upon  the  removal  of  the  constrictor.  It  is  thus 
necessary,  if  the  ligation  is  relied  upon  as  the  sole  hemostatic  agent, 
that  the  sac  be  dissected  out  or  extirpated  in  order  to  ligate  the 
individual  vessels  as  they  penetrate  into  the  sac  from  the  outside. 
Possibly,  for  this  and  other  reasons,  the  ligation  of  the  main  artery,  as 
suggested  by  Annandale,  was  not  generalized  in  practice,  and  the 
ligature  in  situ, — i.  e.,  at  the  bleeding  point,  according  to  the  long-estab- 
lished golden  rule — was  not  carried  out  by  surgeons  except  in  ligating 
the  recently  wounded  arteries  in  which  diffuse  and  progressive  pulsating 
hematomas  demanded  prompt  interference. 

The  rules  for  the  ligature  of  wounded  arteries  and  the  pulsating 
hematomas  have  been  sufficiently  discussed  in  the  section  on  the 
Surgery  of  the  Arteries,  and  need  no  further  commentary.  In  con- 
nection with  the  treatment  of  traumatic  aneurisms,  it  is  interesting  to 
notice  that  the  forgotten  suggestion  of  Syme  and  Annandale  has  been 
revived  and  systematized  into  a  method  (without  a  previous  knowledge 
of  this  suggestion)  by  Kikuzi  and  other  Japanese  surgeons,  who  in  the 
late  Manchurian  struggle  have  been  compelled  to  face  the  treatment 
of  traumatic  aneurisms  on  a  large  and  extended  scale,  such  as  have 
never  been  witnessed  before  in  the  annals  of  military  surgery.  Thus, 
Kikuzi  reports  86  operations  for  traumatic  aneurisms,  Tanaka  reports 
110  operations,  and  Saigo,  36.  The  German  and  Russian  surgeons  on 
the  Russian  side  likewise  report  the  frequency  of  these  aneurisms,  both 
arterial  and  arteriovenous.  These  observations,  which  simply  con- 
firm on  a  large  scale  the  earlier  experiences  of  the  English  and  Boer 
surgeons  in  the  South  African  war,  all  agree  in  the  conclusion  that  since 
the  advent  of  the  modern  small  hard-jacketed  projectile  in  modern 
warfare,  wounds  of  the  large  vessels  have  immensely  increased,  and  that 
primary  hemorrhage,  even  when  the  large  vessels  of  the  neck  and 
extremities  were  involved,  has  become  an  insignificant  factor  in  the 
mortality  of  the  field  hospitals.  This  remarkable  absence  of  serious 
primary  hemorrhage  is  counterbalanced  by  the  certainty  with  which 
secondary  arterial  and  arteriovenous  aneurisms  follow  after  such 
wounds.  In  view  of  the  ease  with  which  the  primary  hemorrhage  is 
usually  controlled  by  the  ordinary  first-aid  dressing,  moderate  compres- 
sion, etc.,  it  became  a  rule,  observed  by  all  the  Japanese  surgeons  and 
the  majority  of  the  Russians  (except,  notably,  Zoege  von  Manteuffel), 
never  to  operate  upon  these  patients  in  the  field  hospitals.  It  was 
only  when  progressive  and  diffuse  hematomas  occurred  in  the  course 
of  transportation  that  operative  interference  by  ligation  of  the  bleed- 
ing artery  at  the  bleeding  point  was  regarded  as  necessary  or  justifi- 
able.    All  operative  treatment  was  reserved  for  the  stationary  hospitals, 
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where    the    aneurisms    which    invariably  developed  were  allowed  to 
mature  into  fully  formed  aneurismal  sacs. 

Experience  has  shown  that  in  traumatic  aneurisms,  well-defined 
circumscribed  adventitious  sacs,  lined  by  new  endothelium,  will  form 
within  a  comparatively  short  time,  sometimes  in  three  days,  and  after 
arteriovenous  injury  within  a  few  hours.  Usually  the  wound  tract  is 
well  healed  and  cicatrized  when  the  pulsating  tumor  is  large  enough  to 
be  felt.  Leo  Bornhaupt  states  that  these  aneurisms  should  not  be 
touched  before  a  period  of  four  to  six  weeks  has  elapsed,  and  in  this 
Kikuzi,  Saigo,  and  the  other  surgeons  concur  with  him.  The  object  of 
this  delay  is  not  only  to  eliminate  all  possibility  of  primary  infection, 
but  also  to  give  the  collateral  circulation  a  good  opportunity  to  develop. 
Kikuzi  furthermore  observes  that  when  the  operation  is  delayed,  the 
proximal  and  distal  ends  of  the  divided  artery  as  seen  in  the  sac  are 
quite  often  contracted  and  narrowed,  apparently  as  the  result  of  the 
compressive  action  of  the  expanding  tumor  itself.  The  spontaneous 
cures  noticed  in  thoracic  aneurisms  by  Makins  and  other  surgeons  in 
the  South  African  war  no  doubt  are  accounted  for,  in  part  at  least, 
by  this  well-known  obliterative  action  of  the  tumor  upon  the  feeding 
vessel.  Loison,  writing  of  traumatic  aneurisms  in  civil  practice,  also 
urges  delay  in  operating,  with  the  view  of  favoring  the  development  of 
the  collateral  circulation.  I  myself  have  likewise  long  contended  that 
it  is  preferable  to  wait  for  the  aneurism  to  develop  into  a  well-formed 
tumor,  not  only  in  traumatic,  but  in  spontaneous,  aneurisms,  with  the 
double  object  of  favoring  the  development  of  the  collaterals  and  of 
allowing  the  newly  formed  sac  in  traumatic  cases  to  become  lined  with 
newly  formed  endothelium.  The  false  sacs  thus  formed  are  intimately 
adherent  to  the  surrounding  perivascular  tissues,  and  their  removal  by 
extirpation  entails  much  and  severe  traumatism.  To  obviate  the 
injury  to  the  collaterals  which  usually  follows  the  extirpation  of 
large  sacs,  especially  at  the  root  of  the  limbs,  Kikuzi  was  led  to 
adopt  his  "  intrasaccular  operation,"  in  which  the  peri-aneurismal 
tissues  are  resected  and  the  ligation  of  the  wounded  vessels  is  con- 
ducted exclusively  within  the  sac.  In  his  earlier  experience  Kikuzi 
performed  typical  extirpations,  then  he  was  led  to  adopt  a  modified 
Antyllus,  which  he  did  as  follows,  taking  a  femoral  aneurism  of  the 
middle  third  as  an  illustration:  He  exposed  the  femoral  vessels 
by  incision,  as  near  the  sac  as  possible;  no  Esmarch  or  constrictor  was 
used.  After  exposing  the  vessels,  the  artery  was  divided  between 
two  ligatures;  in  arteriovenous  aneurisms,  the  vein  was  likewise  isolated 
and  cut  between  two  ligatures.  After  this  was  done,  the  constrictor 
was  applied  to  the  root  of  the  limb,  after  ischemia  had  been  obtained 
by  elevation  and  drainage.  The  incision  was  then  prolonged  over  the 
whole  length  of  the  tumor  and  the  sac  opened  and  evacuated.  After 
clearly  exposing  the  bottom  of  the  sac,  the  ligated  trunk  of  the  artery 
connected  with  the  sac  was  untied,  and  a  catheter  or  long  probe  was 
inserted  into  the  lumen,  which  acted  as  an  unerring  guide  to  the  opening 
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of  the  artery  in  the  interior  of  the  sac;  in  arteriovenous  aneurisms  the 
guide  was  similarly  introduced  into  the  vein. 

By  adopting  this  procedure,  the  orifice  of  the  wounded  artery  is 
at  once  identified  in  the  sac,  and  the  outline  of  the  parent  artery  on  the 
proximal  and  distal  side  of  the  wound  readily  made  out  as  it  lies  under 
the  sac-walls.  Having  identified  the  path  of  the  artery  in  this  way, 
it  is  easy  to  isolate  it  and  dissect  it  out  through  the  sac-walls.  The 
wounded  segment  is  then  excised  for  a  short  distance  on  each  side  of 
the  perforation,  and  the  proximal  and  distal  ends  are  ligated  separately. 
The  vessel  is  thereby  secured  without  disturbing  the  peri-aneurismal 
tissues,  and  with  much  less  traumatism  and  delay  than  would  follow 
a  formal  attempt  at  the  extirpation  of  the  sac.  With  increasing  expe- 
rience, Kikuzi  was  soon  convinced  that  the  preliminary  extrasaccular 
dissection  and  division  of  the  parent  trunk  was  unnecessary,  as  it  was 
quite  easy,  in  the  majority  of  the  cases,  to  locate  the  bleeding  orifice 
at  the  bottom  of  the  sac,  especially  when  a  clear  and  dry  surface  was 
obtained  by  carefully  wiping  off  the  adherent  clots.  Therefore,  method 
No.  II  was  adopted  as  follows:  Ischemia  of  the  limb  is  obtained  by 
elevation,  gravity,  and  the  elastic  constrictor.  The  aneurismal  tumor 
is  opened  freely  and  emptied.  The  bottom  of  the  sac  is  exposed  and 
the  wound  orifice  is  located.  If  there  is  difficulty  in  identifying  the 
opening,  the  constrictor  is  relaxed  sufficiently  to  reveal  the  bleeding 
point.  When  this  is  seen,  a  probe  is  introduced  into  the  opening, 
upward  toward  the  trunk  and  downward  toward  the  periphery.  The 
outline  of  the  main  vessel  is  thus  plainly  made  out,  and  a  ligature  is 
applied  over  the  guide  through  the  sac  and  around  the  vessel,  in  the 
manner  suggested  by  Annandale,  and  the  vessels  secured  on  each 
side  and  a  short  distance  from  the  opening.  Kikuzi,  who  is  very 
well  pleased  with  the  results  of  the  intrasaccular  ligature,  justly 
claims  that,  in  comparison  with  the  old  Antyllian  method  and  that 
of  extirpation,  it  has  great  advantages,  in  so  far  (1)  that  it  greatly 
simplifies  the  operation;  (2)  that  it  shortens  the  time  required  to  per- 
form it;  (3)  that  in  favorable  cases  it  may  be  performed  with  local 
anesthesia;  (4)  that  the  obliterated  section  of  the  artery  is  much 
shorter  than  by  extirpation;  (5)  that  only  a  few  collateral  branches 
are  lost;  (6)  that  the  circulatory  disturbances  and  the  dangers  of 
peripheral  gangrene  are  consequently  diminished.  After  the  intra- 
saccular orifices  are  closed  and  hemostasis  has  been  obtained,  an  iodoform 
gauze  drain  is  left  in  the  sac  and  the  external  wound  is  partially  closed 
with  sutures,  over  which  an  occlusive  and  immobolizing  dressing  is 
applied.  It  will  be  observed  by  this  description  that  the  reasons  which 
led  Kikuzi  and  the  Japanese  surgeons  to  adopt  this  intrasaccular 
procedure  are  precisely  the  same  as  those  which  led  me  long  before 
them  to  apply  the  method  of  endo-aneurismorrhaphy  or  intrasaccular 
suture,  which  had  been  successfully  practised  in  America  many  years 
before  they  had  conceived  it  as  a  result  of  the  experiences  of  the  Man- 
churian  War.     It  is  also  just  as  applicable  to  pathologic  as  well  as 
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to  traumatic  aneurisms,  and  in  many  cases  it  will  also  permit  of  the 
restoration  of  the  continuity  of  the  parent  trunk. 

Kikuzi  says  that  he  has  had  but  one  case  of  gangrene  following  all 
his  operations  (85  cases).  Saigo,  who  operated  on  36  cases,  had  2 
deaths,  1  after  an  Antyllus  and  1  after  extirpation;  2  secondary 
hemorrhages,  1  after  an  Antyllus  and  1  after  extirpation;  2  gangrenes 
of  the  upper  extremities  after  ligation  of  the  axillary  and  subclavian 
respectively;  1  gangrene  of  the  leg  after  double  ligature  of  the  femoral 
vessels  for  varix;  1  gangrene  of  the  toes  after  extirpation. 

A  group  of  methods  will  now  be  described  and  only  briefly  referred 
to,  because  they  have  been  carried  out  only  in  isolated  instances  by 
individual  operators,  but  which  deserve  attention  as  showing  the  efforts 
of  clinicians  in  applying  the  facts  recently  acquired  by  laboratory 
workers  in  the  domain  of  experimental  surgery.  They  are  largely 
the  outcome  of  the  original  work  of  J.  B.  Murphy,  of  Chicago  (1897),  who 
first  suggested  the  possibility  of  extirpating  aneurisms  in  a  few  suitable 
cases  and  restoring  the  continuity  of  the  parent  artery  by  lateral  and 
circular  arteriorrhaphy.  Since  the  impetus  given  to  arterial  suture, 
both  experimentally  and  clinically,  the  value  of  this  procedure  has  been 
so  thoroughly  appreciated  and  its  technic  has  been  so  much  perfected, 
especially  by  the  work  of  Carrel  and  those  who  have  adopted  his  technic, 
that  it  is  not  surprising  that  surgeons  should  have  attempted  to  carry 
out  not  only  the  technic  of  arteriorrhaphy,  but  also  that  of  the  trans- 
plantation and  grafting  of  segments  of  arteries  or  veins  in  the  treat- 
ment of  both  arterial  and  arteriovenous  aneurisms.  In  attempting  to 
classify  the  few  clinical  cases  thus  far  recorded  we  shall  class  them  in 
accordance  with  a  definite  principle  or  plan  adopted  by  each  operator, 
thus: 

(V)  (a)  Aneurismectomy  associated  with  Lateral  Arteriorrhaphy. 
— This  procedure  is  only  applicable  to  sacciform  aneurisms  with  nar- 
row necks.  Many  cases  of  traumatic  diffuse  hematomas  without  distinct 
sacs  have  been  reported  since  Murphy  operated  on  the  first  case, 
in  which  the  wound  in  the  artery  or  vein,  or  both  (arteriovenous 
aneurisms),  have  been  closed  by  suture;  but  in  this  discussion  only 
the  aneurisms  with  fully  formed  sacs  are  considered.  The  only  case 
of  extirpation  with  lateral  arteriorrhaphy  is  that  recorded  by  Garr£ 
of  Leipsic.  The  operation  was  performed  in  1904  on  a  patient  aged 
twenty-six  years.  An  arteriovenous  aneurism  had  been  accidentally 
caused  by  a  puncture,  with  a  pocket-knife,  of  both  femoral  vessels 
about  the  level  of  Hunter's  canal.  The  tumor  had  existed  ten  years. 
It  was  formed  by  a  large  oblong  sac,  which  was  attached  by  a  narrow 
neck  to  the  wounded  vessels.  The  extirpation  of  the  sac  was  completed 
after  a  very  difficult  and  laborious  dissection.  The  vein  was  divided 
between  ligatures  at  its  point  of  attachment  to  the  sac.  The  collar  of 
the  sac  was  left  attached  to  the  arterial  walls  and  closed  with  continuous 
silk  sutures.  Pulsation  was  detected  in  the  popliteal  artery,  but  not 
in  the  dorsalis  pedis,  where  it  was  distinctly  felt  before  the  operation. 
The  patient  recovered. 
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In  connection  with  arteriovenous  aneurisms,  we  shall  show  that  lateral  arterior- 
rhaphy  and  phleborrhaphy  are  not  only  legitimate  procedures,  but  should  be  the 
method  of  election  whenever  it  is  possible  to  retain  the  continuity  of  the  injured  vessels. 

(b)  Aneurismectomy  Associated  with  Circular  Arteriorrhaphy. — In 

a  case  reported  by  Erich  Lexer,  of  Konigsberg,  he  extirpated  a  sac  about 
the  size  of  the  fist,  which  was  connected  with  both  the  popliteal  artery 
and  vein.  The  injury  had  been  inflicted  thirty-one  days  previously  with 
a  pen-knife.  A  large  number  of  veins,  attached  to  the  sac,  had  to  be 
dissected  out  and  divided.  After  resecting  the  closely  adherent  sac 
which  had  already  formed,  the  popliteal  vein  and  artery  had  to  be 
resected.  When  the  isolation  of  the  vessels  was  completed  it  was 
found  that  the  injury  involved  so  much  of  the  circumference  that 
lateral  suture  of  either  vessel  was  impossible.  On  account  of  the 
serious  danger  to  the  limb  from  the  extensive  traumatism  during  the 
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Fig.  89. — Aneurismectomy  ron  Sacciform  Aneurism,  with  Lateral  or  Circular  Arterior- 
rhaphy. (Murphy's  suggestion.) 
1,  The  sac  is  resected  in  B,  and  the  collar  of  sac  is  sutured  so  as  to  preserve  the  lumen  of  the 
artery  (performed  once  in  19()6  by  Garre;  2,  A.  extirpation  of  the  aneurism  with  a  segment  of 
the  artery;  B,  the  artery  reunited  by  Murphy's  invagination  method.  This  operation  has  never 
been  performed. 

extirpation,  Lexer  brought  the  divided  vessels  together  by  circular 
arteriorrhaphy  and  phleborrhaphy.  This  approximation  of  the  divided 
vessels,  which  amounted  to  5  cm.,  could  not  have  been  accomplished 
without  flexing  the  knee  at  right  angles.  In  this  instance  the  anasto- 
mosis was  effected  by  using  Payr's  magnesium  rings.  After  the  removal 
of  the  constrictor  the  artery  pulsated  and  blood  flowed  into  the  vein. 
The  limb  was  immobilized  in  plaster-of-Paris  dressing,  which  was 
removed  after  six  weeks.  After  the  sixth  week  the  knee  could  be 
extended,  and  the  patient  was  discharged  in  eight  weeks,  with  partial 
ankylosis  of  the  knee-joint.  Eight  months  after  the  operation  the 
pulse  in  the  dorsalis  pedis  could  hardly  be  felt,  suggesting  a  pro- 
gressive obliteration  of  the  artery  at  the  anastomosis.  A  similar 
operation  is  reported  by  Stich  (Bonn)  for  aneurism  of  the  popliteal 
artery,  in  which  the  Carrel  technic  was  successfully  applied  in  July, 
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1908;  and  another  popliteal,  by  Enderlen  (Wurzburg),  in  December, 
1907,  a  simplified  Carrel  circular  technic  being  successfully  adopted. 
The  advantage  of  flexion  in  permitting  the  approximation  of  the 
divided  arteries  after  resection  is  well  illustrated  in  these  cases,  but 
when  the  excision  is  large,  flexion  is  not  sufficient,  and  if  the  continuity 
of  the  artery  is  to  be  restored,  other  methods  must  be  adopted. 
This  leads  to: 

(VI)  Aneurismectomy  with  Arteriovenous  Anastomosis,  with 
(a)  Venous  Transplantation,  (b)  Arterial  Transplantation. — Of 
the  first  group  there  are  only  two  instances  on  record,  one,  a  case  of 
uniterminal  venous  transplantation  reported  by  Goyanes,  of  Madrid. 
He  reported  a  case  of  fusiform  poplitpo-femoral  aneurism  which  be- 
gan in  Hunters  canal  in  a  man  aged  forty-one  years.  Adopting 
the  technic  of  Carrel,  he  divided  both  vessels   on  a  level  with  the 
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Fia.  90. — Aneurismectomy  with  Biterminal  Venous  Transplantation.  (Lexer.) 
In  this  operation  the  sac  is  extirpated  or  displaced  to  one  side  and  a  segment  of  the  satellite 
vein  is  substituted  for  the  missing  section  of  the  artery  by  the  Carrel  method  of  biterminal  venous 
transplantation.  1  shows  aneurism  and  vein  side  by  side;  2,  aneurismal  sac  detached  from  the 
artery  and  displaced;  3,  the  segment  of  the  vein  is  united  to  both  ends  of  the  artery  in  order  to 
restore  the  arterial  circulation.  By  this  procedure  the  main  vein  is  sacrificed,  and  if  the  trans- 
planted venous  segment  becomes  blocked  by  thrombus,  the  distal  circulation  may  be  seriously 
endangered.     This  operation  has  been  performed  once  successfully  by  Lexer,  of  Konigsberg. 

abductor.  Then  the  peripheral  end  of  the  artery  and  the  central 
end  of  the  vein  were  closed,  and  the  central  arterial  end  was  united 
to  the  peripheral  venous  end.  The  blood-current  readily  passed  over 
the  anastomotic  joint  immediately  after  the  removal  of  the  hemo- 
static clamps.  The  aneurismal  sac  was  merely  displaced  to  one  side, 
still  attached  to  the  peripheral  end  of  the  artery.  In  spite  of  suppura- 
tion the  patient  recovered  and  was  well  five  and  a  half  months  after 
the  operation. 

Aneurismectomy  with  Grafting  of  Transplanted  Vein  {Biterminal 
Venous  Transplantation), — This  case  is  reported  by  Lexer  and  deals 
with  a  traumatic  aneurism  of  the  axillary  artery  following  a  dis- 
location of  the  shoulder-joint.  The  patient  was  sixty-nine  years  old 
and  the  injury  had  been  inflicted  nine  weeks  previously.  There  was 
extreme  arteriosclerosis.     Impressed  by  the  good  results  obtained  by 
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ARTERIOVENOUS  ANEURISMS. 

Definition. — All  abnormal  communications  established  between 
an  arterial  and  a  venous  channel,  whether  it  be  an  artery  and  a  vein  or 
an  artery  and  a  sinus  of  the  dura  mater  (pulsating  exophthalmos),  or 
with  a  venous  plexus,  constitute  arteriovenous  aneurisms. 

Classification. — The  communication  between  an  artery  and  a 
vein  may  be  direct  or  indirect.  On  this  basis  there  are  two  types 
of  arteriovenous  aneurism:   (1)  The  aneurismal  varix;  (2)  the  varicose 


Fig.  91 — Arteriovenous 
Fistula  with  Immedi- 
ate Communication 
(Broca);  Aneurismal. 
Varix. 


Fig.  92. — Arteriovenous  Aneu- 
rism with  False  Interme- 
diary Sac  (aneurysma  vari- 
cosum). 


Fig.  93.  —  Arteriovenous 
Aneurism  with  Arterial 
Sac.  Secondary  Vari- 
cose Aneurism. 


aneurism  (aneurysma  varicosum).  In  aneurismal  varix  the  arterial 
and  venous  wounds  become  agglutinated  and  adherent  as  a  direct 
sequel  to  the  injury,  and  an  arteriovenous  fistula  is  established 
after  the  small  perivascular  extravasations  have  been  absorbed.  In 
traumatic  varicose  aneurism  the  normal  anatomic  position  of  the 
vessels  is  disturbed,  the  injury  is  followed  by  a  more  or  less  extensive 
hemorrhage,  which  becoming  circumscribed  by  the  resistance  of  the 
perivascular  tissues,  forms  a  well-defined  pulsating  hematoma,  and 
finally    an    encysted    and   well-differentiated   sac. 
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Usually  when  an  arteriovenous  anastomosis  is  established,  the 
vein,  on  account  of  its  weaker  walls,  yields  progressively  under  the 
steady  pressure  of  the  arterial  current,  unless,  as  often  happens,  a  resist- 
ing sheath  and  aponeurosis  are  strong  enough  to  counteract  the  arterial 
pressure.  If  this  extravascular  support  is  missing  the  vein  dilates 
and  assumes  a  sacciform  or  fusiform  shape  opposite  the  seat  of  the 
fistula,  and  in  this  way  the  varicose  aneurisms  by  dilatation  (Broca) 
are  formed.  Sometimes  the  dilatation  in  the  veins  may  attain  such 
enormous  size  as  to  be  mistaken  for  an  independent  tumor.  The 
sub-varieties  of  these  two  fundamental  types  are  numerous,  and  have 
received  various  confusing  designations  according  to  the  preponder- 
ance of  the  dilatation  on  the  arterial  or  on  the  venous  side,  or  both. 
These  types  will  be  more  clearly  understood  by  referring  to  the  accom- 
panying diagrams  suggested  by  Fischer  and  Lexer   (Figs.  91-98). 


Fio.    94. — Arteriovenous     Fistula    with 
Venous  Sac. 


Fig.  95. — Arteriovenous  Aneurism  with 
False  Intermediary  Sac  and  Varix 
on  Outer  Side  of  Vein  Due  to  Double 
Injury  of  the  Latter. 


In  addition  to  these  varieties  the  complete  division  of  both  the 
artery  and  vein  by  stab  or  shot  will  lead  to  the  formation  of  a  false 
sac,  showing  in  its  interior  two  proximal  and  two  distal  openings,  corre- 
sponding to  the  cardiac  and  the  peripheral  orifices  of  the  vessels 
divided  (Fig.  97).  Amussat,  in  his  early  experimental  work,  noted  that 
after  complete  division  of  the  main  artery  and  vein  only  the  two  central 
vascular  stumps  entered  into  communication  with  the  newTly  formed 
sac,  " direct  aneurism  with  a  blind  sac,"  the  two  peripheral  ends  being 
occluded  by  thrombotic  material.  A  similar  formation  may  occur  in 
amputation  stumps  (Fischer). 

Secondary  arteriovenous  aneurisms  are  those  found  usually  in  the 
neighborhood  of  the  heart. when  a  primary  aortic  aneurism  gradually 
ulcerates  or  opens  by  pressure  atrophy  into  a  venous  channel,  such  as 
the  vena  cava,  pulmonary  artery,  right  auricle  or  ventricle. 

Other  rarer  varieties  exist  in  which  both  vessels  are  completely 
divided.  The  peripheral  end  of  the  vein  is  obliterated  by  thrombus, 
the  two  arterial  orifices  and   the  central  venous  orifice  communicate 
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with  the  same  sac.  Other  cases  are  recorded  in  which  the  afferent 
and  not  the  efferent  arterial  branches  were  found,  and  still  other  rarer 
varieties  which  are  described  in  the  literature. 

Etiology  and  Pathogenesis. — Etiologically,  arteriovenous  aneu- 
risms may  be  classified  into:  (1)  Traumatic;  (2)  spontaneous  or  idio- 
pathic; (3)  secondary;  (4)  so-called  congenital. 

Traumatism  is  the  most  frequent  cause  by  far  of  arteriovenous  aneu- 
risms; by  bullet  wounds,  as  exemplified  most  notably  in  modern  military 
practice,  or  by  a  clean  narrow  puncture  or  stab  wound.  At  a  time 
when  venesection  was  practised,  often  twice  yearly,  arteriovenous 
aneurisms  at  the  bend  of  the  elbow  were  of  common  occurrence  as 
a  result  of  puncture  of  the  brachial  or  ulnar  arteries  while  opening  the 
median  basilic  vein.  Even  as  late  as  1888  Delbet's  statistics  of  250  cases 
of  arteriovenous  aneurisms  show  that  in  96  the  ulnar  artery  was  in- 


Fig.  96.  —  Arteriovenous 
Aneurism  with  Imme- 
diate Communication 
(Fistula)  and  Sac  on 
the  Arterial  Side. 
(Single  Venous  and 
Double  Arterial  In- 
jury.) 


Fig.  97.  — Arteriovenous 
Aneurism  with  False 
Intermediary  Sac  and 
an  Arterial  Aneurism 
Due  to  a  Single  Venous 
and  Double  Arterial 
Injury. 


Fig.  98.  —  Arteriovenous 
Fistula  with  Opposing 
Sacs,  Due  to  a  Double 
Injury  of  Both  Ves- 
sels. 


volved,  no  doubt  in  consequence  of  venesection.  Von  Braniann,  in  his 
classical  study  of  the  subject  in  1886,  mentions  56  cases  caused  by  vene- 
section. Of  158  cases  of  peripheral  aneurism  collected  by  von  Bramann 
in  1885,  108  followed  after  punctured  or  incised  wounds,  29  after  gun- 
shot wounds,  5  after  contusions,  9  occurred  spontaneously,  1  from  an 
abscess,  and  1  from  an  amputation  stump.  It  is  probable  that  at 
the  present  time  the  relative  preponderance  of  punctured  and  gunshot 
wounds  as  a  cause  of  these  aneurisms  has  been  reversed,  and  that 
gunshot  wounds  have  the  first  rank,  both  in  peace  and  war,  especially 
in  the  United  States  and  English-speaking  countries,  where  the  revolver 
is  the  weapon  of  offense  and  defense. 

In  his  official  report  on  the  "Surgical  Cases  Noted  in  the  South 
African  War,  1899-1902,"  Surgeon-General  W.  F.  Stevenson  (London, 
1905)  reports  63  cases  of  traumatic  aneurism.    Of  these  63  aneurisms, 
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33  were  of  the  arteriovenous  type,  practically  50  per  cent.  In  the 
Russo-Japanese  War  the  proportion  was  nearly  the  same. 

Pathogenesis. — The  reasons  for  the  greater  frequency  of  aneurisms 
in  modern  warfare  have  already  been  referred  to;  suffice  it  to  say  that  the 
conditions  necessary  for  the  formation  of  ordinary  arterial  traumatic 
(false)  aneurisms  are  those  required  for  the  production  of  arteriovenous 
aneurisms — "small  orifice  of  entrance  and  exit  of  the  bullet;  a  narrow 
but  long  curved  channel,  usually  crossing  the  course  of  the  vessel  in  an 
oblique  direction;  a  small  perforation  in  the  artery,  followed  by 
rapid  closure  of  the  wound  and  primary  union  of  the  bullet  track  " 
(von  Bergmann).  These  are  the  conditions  which  now  obtain  in 
modern  warfare,  and  to  a  large  extent  in  civil  practice,  when  small- 
caliber  projectiles  are  used. 

Uncomplicated  cases  of  aneurismal  varix  are  less  common  than  those 
in  which  the  arteriovenous  communication  is  accompanied  by  the  for- 
mation of  a  traumatic  sac.  The  most  important  conditions  which  de- 
termine the  formation  of  the  aneurismal  varix  are  the  proximity  and 
degree  of  cohesion  of  the  two  vessels,  the  comparative  spaciousness,  or 
the  opposite,  of  the  vascular  cleft,  and  the  degree  of  support  afforded  by 
the  surrounding  structures  (Makins).  Thus  the  close  proximity  of  the 
popliteal  vessels,  of  the  femoral  vessels  in  Hunter's  canal,  to  a  less  extent 
at  the  groin,  and  of  the  carotid  sheath,  account  for  the  greater  frequency 
of  this  type  of  arteriovenous  anastomosis  in  these  regions  than  elsewhere. 

Apart  from  bullet  and  punctured  wounds  arteriovenous  aneurisms 
may  be  caused  by  subcutaneous  fractures  (more  often  at  the  base  of  the 
skull)  and  the  erosion  of  the  vessels  by  acute  and  chronic  suppurations. 

The  spontaneous  origin  of  arteriovenous  aneurisms  of  the  peripheral 
arteries  of  the  body  is  extremely  rare.  When  it  occurs  it  is  usually  as 
a  sequel  or  complication  of  arterial  aneurisms,  the  aneurismal  sac  form- 
ing adhesions  with  the  neighboring  vein,  the  two  vessels  communicating 
by  an  erosion  or  atrophy  of  the  intermediary  partition;  42  cases  of 
this  kind  were  compiled  by  Barwell;  Boinet  increased  the  list  to  114,  of 
which  39  involved  the  ascending  aorta  and  superior  vena  cava,  5  the 
aorta  and  innominate,  20  the  aorta  and  right  cavities  of  the  heart, 
30  between  the  aorta  and  the  pulmonary  artery,  and  20  of  the  aorta 
and  inferior  vena  cava.  In  very  exceptional  cases  the  arteriovenous 
communications  are  established  by  septal  abscesses,  which  ulcerate 
through  the  walls  of  the  contiguous  vessels.  The  aneurismal  varices 
which  occur  in  amputation  stumps  have  been  repeatedly  observed. 
They  are  usually  associated  with  massive  ligature  of  both  vessels, 
followed  by  infection. 

The  so-called  congenital  arteriovenous  aneurisms  described  by  some 
authors  are  to  be  regarded  as  varieties  of  cirsoid  aneurisms,  in  which 
a  communication  is  established  between  an  artery  and  a  vein  in  the 
plexus  at  an  advanced  stage  of  the  disease. 

Pathologic  Anatomy  and  Physiopathology. — The  pathologic 
anatomy  of  arteriovenous  aneurisms  is  most  interesting  as  an  illustration 
of  adaptation  of  structure  to  function.     The  artery,  at  the  seat  of  the 
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anastomosis,  becomes  dilated,  tortuous,  especially  in  long-standing 
cases,  its  walls  become  thinner,  less  elastic  and  less  resistant;  the  muscu- 
lar elements  become  atrophied.  The  afferent  end  of  the  artery  shows 
usually  the  least  changes;  the  distal  arterial  segment  becomes  contracted 
and  is  narrower,  since  it  receives  less  blood  and  is  subjected  to  much 
less  blood-pressure  than  normal.  On  the  other  hand,  the  entrance  of 
the  arterial  stream  into  the  vein  immediately  causes  a  rise  of  the  blood 
tension  of  the  vein,  followed  by  a  dilatation  and  yielding  of  its  walls 
in  proportion  to  the  size  of  the  orifice  of  communication,  the  volume  of 
arterial  blood  poured  in,  and  the  relative  support  the  vein  receives 
from  the  perivascular  structures.  Dilatation  takes  place  up  to  the 
first  valve  in  the  peripheral  segment;  this  valve,  as  well  as  those  lower 
down  toward  the  periphery,  gradually  yield  in  proportion  to  the  increase 
in  the  intravenous  tension;  the  resistance  of  the  valves  favors  the  dila- 
tation of  the  vein  in  segments,  as  in  the  varicose  state,  the  dilated  seg- 
ments forming  tumors  which  vary  from  the  size  of  a  pea  to  that  of  a 
large  egg  or  even  of  the  fetal  head,  as  in  the  very  exceptional  case 
related  by  Osier.  The  dilatation  on  the  peripheral  segment  of  the  vein 
is  very  much  influenced  by  the  resistance  of  the  peri-aneurismal  tissues. 
With  the  dilatation  consequent  upon  increased  intravenous  pressure, 
there  is  a  coincident  thickening  and  hypertrophy  of  the  venous  walls 
and  even  valves.  As  shown  by  Qu6nu,  the  muscular  coat  of  the  vein 
becomes  very  much  hypertrophied,  the  fibers  increase  in  number,  a 
veritable  hyperplasia  occurs,  showing  that  compensation  for  the  unusual 
pressure  has  occurred  in  the  venous  wall  and  that  the  vein  becomes 
in  a  manner  arterialized,  to  cope  better  with  the  abnormal  conditions. 
The  marked  "arterialization"  of  the  veins  has  been  confirmed  by 
all  experimenters,  but  by  none  more  conclusively  than  by  Alexis  Carrel, 
who  has  demonstrated  the  possibility  of  interposing  a  segment  of  excised 
vein  into  an  arterial  defect  several  centimeters  long  by  a  double  end-to- 
end  suture  (biterminal  transplantation).  "  Aided  by  the  support  of  the 
surrounding  tissues  and  by  its  own  hypertrophy,  the  interposed  seg- 
ment of  vein,  after  a  temporary  slight  ballooning,  soon  effectively  plays 
the  part  of  the  thick-walled  artery  for  which  it  has  been  substituted." 

When  an  aneurismal  sac  becomes  interposed  between  the  artery  and 
the  vein  its  walls  rarely  present  the  same  regular  homogeneous  appear- 
ance which  characterizes  the  arterial  aneurisms.  In  many  places  the  sac 
is  simply  recognizable  as  such,  but  in  all  fully  developed  aneurisms  the 
interior  is  lined  throughout  by  a  smooth  layer  of  endothelium,  which 
has  formed  by  proliferation  from  the  interior  of  both  vessels. 

A  notable  peculiarity  of  the  sac  in  varicose  aneurisms  is  that  it 
scarcely  ever  contains  a  clot,  especially  of  the  laminated,  active  type, 
which  characterizes  the  arterial  aneurisms.  The  circulation  in  these 
aneurisms  is  too  active  to  allow  of  the  formation  of  any  coagula.  This 
lack  of  clot  is  important  in  differentiating  between  the  pure  arterial 
and  the  arteriovenous  aneurisms,  and  also  in  accounting  for  the  slight, 
if  any,  tendency  to  spontaneous  obliteration  displayed  by  the  sacs  of 
varicose  aneurisms. 
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Progress  and  Evolution. — Arteriovenous  aneurisms  rarely  attain 
large  dimensions.  There  is  no  progressive  dilatation  of  the  arterial 
tunics,  or  large  deposits  of  clot,  or  secondary  ruptures,  which  continue 
to  increase  the  size  of  the  sac  in  pure  arterial  aneurism.  But  while 
the  sac  of  varicose  aneurisms  usually  remains  stationary,  it  shows  no 
tendency  to  spontaneous  cure  by  coagulation. 

Secondary  Lesions  and  Effects. — In  consequence  of  the  abnormal 
circulatory  conditions  changes  occur  in  the  artery  on  the  distal  side  of 
the  anastomosis,  resulting  from  contraction  of  the  lumen  from  disuse. 
Ischemia  of  the  territory  supplied  by  the  injured  artery  is  felt  accord- 
ing to  the  amount  of  blood  deviated  into  the  anastomosing  vein. 
Complete  stenosis  and  thrombosis  with  varix  formation  on  the  periph- 
eral venous  side  must  occur  in  certain  areas  in  consequence  of  the  forced 
entrance  of  arterial  blood  and  the  damming  back  of  the  venous  cur- 
rent. In  other  limited  areas  the  nutrition  of  the  affected  parts  is 
favored  by  the  more  abundant  supply  of  arterial  blood,  but  this  occurs 
to  a  very  limited  extent  only.  This  results  at  first  in  hypertrophy, 
followed  later  by  retrogressive  processes  in  the  involved  organs.  'The 
deficient  blood-supply  and  the  imperfect  exchange  of  gases  interfere 
with  the  nutritional  conditions  of  the  body  segment  supplied  by  the 
injured  artery,  resulting  in  a  number  of  pathologic  degenerative  and 
involutionary  states  of  the  various  tissues  and  organs.  Edematous 
infiltration  and  hypertrophy  of  the  subcutaneous  connective  tissue 
are  followed  by  subsequent  atrophy  of  the  skin  and  histologic  changes 
akin  to  those  which  accompany  ordinary  varicose  veins.  The  skeletal 
muscles  become  atrophied  and  undergo  degeneration.  The  nerves 
likewise  suffer  from  the  circulatory  disturbances,  and  the  tropho- 
neurotic phennomena  observed  in  the  old  cases,  especially  of  the  lower 
extremities,  are  due  to  this  cause. 

The  distant  and  remote  effects  of  arteriovenous  anastomosis  will 
be  marked  in  proportion  with  the  importance  of  the  vessels  involved. 
It  is  important  to  bear  in  mind,  however,  that  the  aneurismal  varices 
of  the  neck  and  upper  extremities  are  especially  well  tolerated;  they 
give  rise  to  comparatively  little  subjective  disturbance,  except  the 
noises,  which  sometimes  are  heard  by  the  patients  themselves.  In 
the  lower  extremities  the  effects  of  the  overplus  of  blood  and  damming 
back  of  the  venous  circulation  are  more  pronounced. 

Gangrene  of  the  digits  and  peripheral  parts  occurs  occasionally, 
but  vjery  rarely,  indeed,  in  comparison  with  the  frequency  of  this 
occurrence  in  arterial  aneurism.  As  a  whole,  an  indolent  career — 
no  tendency  to  progressive  enlargement,  no  tendency  to  rupture,  no 
tendency  to  spontaneous  peripheral  gangrene — is  the  general  char- 
acteristic of  this  type  of  aneurism. 

Experimental  Arteriovenous  Aneurisms. — Three  types  of  arterio- 
venous aneurisms  have  been  reproduced  experimentally:  (1)  Lateral 
(direct)  arteriovenous  anastomosis  or  aneurismal  varix;  (2)  lateral 
(mediate)  arteriovenous  anastomosis  with  intermediary  sac  (varicose 
aneurism);  (3)  end-to-end  arteriovenous  anastomosis  or  uniterminal 
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arteriovenous  anastomosis.  Biterminal  arteriovenous  anastomoses 
are  to  be  classed  in  a  group  apart  with  the  vascular  transplantations 
or  grafts  (see  section  on  Arteries).  The  object  aimed  at  by  experi- 
menters in  establishing  these  anastomoses  has  been  quite  different 
according  to  the  point  of  view:  (1)  To  study  the  physiologic  phenom- 
ena resulting  from  the  abnormal  conditions  of  the  circulation.  In 
this  category  must  be  included  the  early  experiments  of  Francois 
Franck  (1881-1887),  Vignolo  (1902),  and  of  Franz  (1905),  in  all  of 
which  most  valuable  data  were  obtained  of  practical  application  to 
the  symptomatology  and  clinical  history  of  the  disease.  (2)  Artificial 
production  of  arteriovenous  anastomoses  with  the  view  of  utilizing 
the  venous  channels  as  carriers  of  arterial  blood  when  for  any  reason 
the  arteries  become  functionless.  The  object  here  was  to  determine 
to  what  extent  the  conditions  of  the  circulation  could  be  reversed  so 
that  the  veins  could  be  made  to  act  as  arteries.  All  these  observers 
were  impressed  with  the  comparative  benignity  of  simple  direct 
aneurismal  varices  and  their  tolerance  by  the  organism  without  serious 
evil  effects  for  indefinite  periods  of  time.  In  this  category  San 
Martin  y  Satrustegui,  of  Madrid,  stands  first.  B6rard  and  Carrel, 
Jaboulay  and  Briau,  Gallois  and  Pinatelle,  Goyanes,  all  largely 
inspired  by  the  previous  efforts  of  San  Martin  and  Jaboulay,  con- 
tributed experiments  to  this  entirely  new  therapeutic  phase  of  the 
problem  of  "arterializing"  the  veins.  It  was  reserved  to  Alexis  Carrel 
(1902),  however,  to  elaborate  a  simple  method  by  which  arterio- 
venous anastomoses  could  be  accomplished  with  unfailing  precision 
and  without  secondary  thrombotic  obliteration  (see  Carrel's  Method, 
Surgery  of  the  Arteries).  It  is  this  method  which  has  been  adopted 
by  all  the  laboratory  workers  who  have  since  succeeded  in  repeating 
Carrel's  experiments  in  vascular  anastomosis  and  grafting.  Jaboulay 
and  his  followers  were  also  inspired  by  the  idea  that  in  cases  of  cerebral 
softening  from  obliterative  endarteritis  or  thrombus  of  the  circle  of 
Willis  or  after  ligature  of  the  carotids,  the  functional  disorders  con- 
sequent upon  cerebral  ischemia  might  be  averted  by  irrigating  the 
brain  with  arterial  blood  injected  through  the  jugular  vein,  the 
circulation  being  reversed  in  the  neck  by  anastomosing  the  central 
end  of  the  carotid  to  the  peripheral  end  of  the  jugular.  While  it  does 
not  appear  that  this  procedure  has  been  attempted  clinically  in  man, 
though  experimentally  successful  in  animals,  the  reversal  of  circula- 
tion has  been  attempted  at  least  twelve  times  since  San  Martin  first 
tried  it  in  the  femoral  vessels  in  1902  for  the  purpose  of  arresting 
progressive  gangrene  of  arterial  origin  in  the  lower  extremities. 
While  these  clinical  experiments  do  not  appear  to  have  been  crowned 
with  much  success,  as  far  as  the  effect  in  arresting  the  gangrene  is 
concerned,  they  have  shown  that  the  technic  of  arteriovenous  anasto- 
mosis is  perfectly  feasible  in  the  human  subject,  and  that  in  the  clinic, 
as  in  the  laboratory,  the  veins  can  be  depended  upon  as  reliable  sub- 
stitutes for  damaged  or  obstructed  arteries.  While  it  is  doubtful 
that  the  arterialization  of  the  veins  in  a  complete  histologic  sense. 
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including  the  capillary  circuit,  will  ever  be  realized,  even  under  the 
most  favorable  circumstances,  on  account  of  the  innumerable  anasto- 
moses between  the  superficial  and  deep  venous  plexuses,  as  Delbet 
has  pointed  out,  these  experiments  are  of  capital  importance  for  the 
future  progress  of  surgery  in  proving  the  reliability  of  the  technic  of 
arteriovenous  anastomosis  and  transplantation. 

Symptomatology. — An  extremely  variable  period  may  elapse 
between  the  infliction  of  the  injury  and  the  appearance  of  the  signs, 
which  indicates  that  an  arteriovenous  anastomosis  has  been  estab- 
lished. In  a  study  of  the  arteriovenous  aneurisms  of  the  subclavian 
compiled  by  myself  (18  cases  up  to  1902),  the  characteristic  thrill 
was  fully  developed  four  hours  after  the  injury  (revolver  bullet)  in 
my  own  patient.  In  3  cases  the  sign  appeared  on  the  second  day, 
in  3  on  the  third  day,  in  1  on  the  eighth,  and  in  1  on  the  ninth  day. 
While  the  symptoms  of  arteriovenous  anastomosis  may  appear  almost 
coincidently  with  the  injury,  it  is  far  more  frequent  that  an  interval 
of  weeks  should  elapse,  and  months  and  years  have  elapsed  in  a  few 
very  rare  cases.  As  the  wounds  that  lead  to  arteriovenous  aneurism 
are  usually  punctured  or  gunshot  with  long  narrow  tracts,  the  primary 
bleeding  is  rarely  excessive  or  very  alarming,  even  when  the  great 
vessels,  like  the  subclavian,  carotid,  or  femoral,  are  injured.  In 
modern  warfare  primary  hemorrhage  from  the  wounds  caused  by 
projectiles  fired  by  small-bore  rifles  rarely  require  the  primary  ligation 
of  the  vessels.  As  a  rule,  the  hemorrhage  subsides  after  the  applica- 
tion of  moderate  pressure  and  of  the  dressings.  The  wound  heals 
without  reaction,  while  the  edges  of  the  perforation  in  the  artery 
and  vein  become  agglutinated  to  each  other,  any  possible  temporary 
obstacle  to  the  anastomosis  by  clots  being  quickly  overcome  by  the 
onrush  of  the  arterial  current.  Ordinarily  a  local  swelling  is  found 
at  the  seat  of  injury,  at  first  diffuse,  and  continuing  to  enlarge  in  the 
first  few  days.  Ecchymoses  and  visible  discolorations  of  the  skin 
will  be  recognized  when  the  injured  vessels  lie  near  the  surface.  The 
swelling  in  a  few  days  will  gradually  become  better  defined,  harder, 
and  distinctly  circumscribed.  The  process  of  limitation  and  contrac- 
tion may  continue,  the  sac  becoming  stationary,  or  ultimately  dis- 
appear, and  a  pure  varix  be  the  result.  Occasionally  the  opposite 
course  will  be  followed  and  fresh  extension  takes  place,  as  evidenced 
by  enlargement  of  the  tumor,  with  disappearance  of  sharp  definition, 
by  softening,  and  pain.  The  natural  termination  in  such  a  case 
would  no  doubt  be  rupture  and  possible  death  in  some  regions  and 
loss  of  limb  in  others.  The  tendency  to  contract  and  to  the  limitation 
of  the  process  is  by  far  the  most  frequent  event. 

Thrill. — If  the  swelling  or  wounded  area  is  palpated,  the  estab- 
lishment of  the  anastomosis  will  be  made  known  immediately  by  the 
thrill  transmitted  to  the  fingers  on  palpation.  This  peculiar  purring 
thrill,  as  it  is  well  called,  is  pathognomonic  of  arteriovenous  aneurisms 
whenever  it  is  felt,  and,  indeed,  it  is  rarely  absent.  This  thrill  is 
appreciated,  both  by  the  tactile  and  auditory  sense,  when  the  vein  on 
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the  peripheral  or  proximal  side  of  the  anastomosis  is  exposed,  as  in 
operations;  it  becomes  appreciable  to  the  eye  as  well  by  a  visible 
vibration  in  consonance  with  the  thrill  felt  on  palpation.  The  thrill 
is  always  felt  with  maximum  intensity  at  the  seat  of  the  anastomosis 
and  is  intensified  with  each  cardiac  systole.  On  auscultation,  in 
addition  to  the  thrill,  a  continuous  bruit  is  heard,  which  is  reinforced 
with  each  systole  of  the  heart.  This  murmur,  which  has  been  com- 
pared to  the  sound  produced  by  a  bee  in  a  paper  bag,  or  the  " whirr" 
and  "buzz"  of  machinery,  is  just  as  characteristic  of  arteriovenous 
aneurisms  as  the  thrill,  and  when  the  murmur  and  the  thrill  are 
present  together  the  diagnosis  is  unmistakable.  The  constant 
whirring  bruit  presents,  however,  marked  variations  in  pitch  and 
strength,  which  accounts  for  the  variety  of  impressions  it  has  conveyed 
to  different  observers — "the  purring  of  a  cat,"  "the  droning  of  bees," 
"the  humming  of  a  top,"  etc.  These  noises  in  aneurisms  of  the 
carotid  and  subclavian  regions  are  frequently  heard  by  the  patients, 
who  complain  of  them  as  the  only  inconvenience  from  the  disease. 
When  an  arteriovenous  anastomosis  exists  in  the  subclavian,  the 
murmur  and  thrill  will  be  heard  in  all  the  superficial  veins  of  the  neck 
and  arm  down  to  the  hand.  In  the  femoral  region  it  will  diffuse 
itself  to  the  ankle  and  up  to  the  umbilicus.  Sometimes,  though  very 
rarely,  the  murmur  may  be  so  intense  that  it  will  be  heard  over  the 
seat  of  the  anastomosis  by  listening  close  to  the  skin  with  a  stethoscope, 
but  without  touching  it  directly.  The  thrill,  bruit,  and  all  the  signs 
of  arteriovenous  aneurism  may  be  made  to  cease  completely  by  com- 
pressing the  orifice  of  communication  with  the  finger-tip.  The 
elevation  of  the  limb,  according  to  N£laton,  is  sufficient  to  transform 
the  usually  constant  murmur  into  an  interrupted  one. 

Different  theories  have  been  proposed  to  account  for  the  peculiar 
noises  and  thrill  which  characterize  this  class  of  aneurisms.  Webber, 
Maray,  Cheauvau  and  Mil,  v.  Wahl  have  shown  that  the  sounds  are 
produced  by  vibration  of  the  blood,  and  not  the  vibration  of  the 
edges  of  the  membrane  bordering  the  fistula.  Franz  states  that  the 
thrill  and  murmurs  depend  upon  the  free  flow  of  arterial  blood  in  the 
central  segment  of  the  vein.  The  peripheral  segment  of  the  vein  is 
not  related  to  these  phenomena.  The  murmur  is  transmitted  in  a 
centrifugal  direction,  even  when  the  peripheral  portion  of  the  vein 
is  transposed  purposely,  as  in  experimental  work.  When  the  central 
segment  of  the  vein  is  closed  to  the  arterial  flow  by  ligature  or  by 
thrombosis,  then  the  continuous  murmur  becomes  intermittent  and 
loses  its  venous  blowing  character  (Franz). 

Changes  in  the  Pulse. — The  arteries  and  veins  above  and  below 
the  seat  of  the  anastomosis  usually  present  marked  changes.  On  the 
proximal  side  of  the  aneurism  the  arterial  pulse  is  full  and  strong,  more 
marked  than  on  the  normal  side.  The  compression  of  the  artery  on  the 
proximal  side  will  also  suppress  the  tumor,  if  it  exists,  as  well  as  all 
the  aneurismal  phenomena.  If  the  artery  is  felt  below  (on  the  distal 
side  of  the  tumor),  the  pulse  will  be  found  to  be  weaker  and  smaller. 
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The  compression  of  the  artery  on  the  distal  side  near  the  sac  will  inten- 
sify the  pulsation,  thrill,  and  all  the  aneurismal  signs.  The  superficial 
veins  above  and  below  the  sac  are  dilated,  sometimes  tortuous,  and 
pulsate  synchronously  with  the  arterial  pulse. 

The  sphygmographic  tracings,  as  taken  by  Franz  in  his  experimental 
researches,  show:  (a)  Anacrotism  (Ebenan),  which  is  interpreted  as  the 
effect  of  the  arterial  blood  on  the  peripheral  portion  of  the  vein,  and  in 
varicose  aneurisms  with  an  intermediate  sac  an  expression  of  the  effect 
on  the  wall  of  the  latter,  (b)  The  graphic  curves  of  the  central  venous 
and  peripheral  arterial  ends  agree  in  so  far  as  they  present  a  low  wave- 
like line. 

The  circulatory  disturbances  produced  immediately  after  the  estab- 
lishment of  the  arterial  venous  fistula  cause  an  immediate  lowering 
of  the  peripheral  temperature;  however,  a  certain  compensation  soon 
follows.  This  compensation  may,  as  far  as  the  collaterals  extend,  pro- 
duce over  the  site  of  the  anastomosis  an  increase  in  the  temperature  on 
the  affected  limb;  the  parts  of  the  extremity  farthest  removed  from 
the  anastomosis  always  show  a  decreased  temperature. 

Remote  Effects  on  the  General  Circulation. — Disturbances  of  a 
grave  character  must  follow  in  the  general  arterial  blood-pressure  when- 
ever the  arterial  blood-stream  is  directed  from  its  proper  course  in  the 
arteries  to  the  venous  system.  Thus  Carrel  saw  death  follow  promptly 
in  dogs  when  a  direct  end-to-end  anastomosis  was  established  between 
the  abdominal  aorta  and  vena  cava.  The  capacity  of  the  venous  system 
being  so  much  greater  than  the  arterial,  and  the  pressure  of  the  venous 
blood  so  much  lower  than  the  arterial,  it  is  easy  to  conceive  that  the 
arterial  stream  may  all  be  drained  into  the  venous  side,  leaving  the 
arteries  practically  empty.  Grave  disturbances  have  been  noted  in 
arteriovenous  aneurisms  in  which  the  larger  vessels  were  involved,  the 
circulatory  disturbances  being  proportionate  with  the  size  of  the  orifice 
and  the  volume  of  arterial  blood  side-tracked  into  the  veins.  These 
general  disturbances  are  manifested  chiefly  by  a  tendency  to  faintness 
and  rapid  pulse,  the  pulse  oscillating  between  120  and  130  in  many 
cases,  until  an  adjustment  of  conditions  or  tolerance  has  been  established 
(Makins,  Freyer).  In  the  smaller  vessels,  or  when  the  orifice  of  com- 
munication is  small,  the  general  disturbances  are  insignificant.  The 
local  effects  also  vary  with  the  degree  of  obstruction  placed  upon  the 
return  venous  current  by  the  incoming  arterial  blood-stream,  and  also 
by  the  amount  of  blood  deviated  from  the  main  arterial  channel  at  the 
seat  of  the  anastomosis.  It  is  evident  that  the  greater  the  deviation 
of  the  blood-stream  the  more  marked  will  be  the  effects  of  venous 
obstruction  and  arterial  ischemia.  These  local  effects  are  manifested 
as  varices,  edema,  followed  by  thickening  and  connective-tissue  hyper- 
plasia. Sometimes  an  elephantiasic  condition  develops  as  the  result  of 
persistent  venous  and  lymphatic  stasis.  Dusky  discoloration  or  cya- 
notic hue  in  the  legs  has  occasionally  been  noticed.  Hypothermia  is 
subjectively  expressed  as  a  general  sensation  of  cold  in  the  limbs  beyond 
the  anastomosis.     The  contradictory  evidences  of  Bramann,  Knaak, 
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and  Bardeleben,  who  found  the  temperature  lower  (4  to  8  degrees  less 
on  the  affected  side),  and  of  Broca  and  Delbet,  who  found  it  increased 
in  popliteal  aneurisms  (2  to  4  degrees),  are  reconciled  by  the  experi- 
mental evidence  of  Franz,  who  shows  that,  while  the  temperature  at  the 
seat  of  the  fistula  may  be  actually  increased  by  collateral  compensation, 
it  is  always  lower  and  below  normal  in  the  distal  part  beyond  the 
aneurism.  We  have  already  referred  to  the  secondary  changes  which 
occur  in  the  lower  limbs  especially  as  a  result  of  arterial  ischemia  and 
venous  congestion — all  the  dermal  changes  (desquamation,  eczema, 
and  trophic  ulcers)  which  accompany  chronic  varicose  veins  are  asso- 
ciated with  progressive  muscular  atrophy,  emaciation,  paresthesias, 
neuralgias,  formication,  and  physical  disability — all  testifying  to  the 
defective  nutrition  of  the  limb  in  the  more  typical  and  advanced 
cases. 

Diagnosis* — The  diagnosis  of  arteriovenous  aneurism  in  typical 
cases  is  very  easy  and  offers  no  special  difficulties.  Given  the  history 
of  injury  over  the  path  of  large  vessels,  the  attention  of  the  observer 
and  possibly  of  the  patient  himself  will  at  once  be  attracted  by  the  thrill 
felt  over  a  large  area  in  the  vicinity  of  the  arteriovenous  communication. 
The  combination  of  (a)  purring  thrill,  (b)  continuous  buzzing  or  ma- 
chinery murmur  reinforced  by  each  systolic  contraction,  (c)  the  wide 
centrifugal  transmission  of  the  murmur,  and  (d)  pulsation  of  the  super- 
ficial veins  will  clinch  the  diagnosis. 

The  differential  diagnosis  between  aneurismal  varix  and  varicose 
aneurism  can  only  be  made  out  clinically  when  the  vessels  are  situated 
superficially.  Aneurismal  varix  is  characterized  by  the  presence  of  a 
vaguely  outlined  semispherical  swelling,  which  may  be  felt  through  the 
skin  or  the  cicatrix  and  rarely  exceeds  a  walnut  in  size.  It  can  be  made 
to  disappear  by  gentle  steady  pressure.  It  may  also  be  made  to  dis- 
appear by  compression  of  the  main  artery  on  the  proximal  side,  the 
swelling  reappearing  after  the  removal  of  the  compression.  Com- 
pression below,  on  the  artery  or  vein,  will  increase  its  size  and  intensify 
all  the  aneurismal  signs.  If  the  point  where  the  thrill  and  murmur  are 
heard  with  the  greatest  intensity  is  compressed  directly,  all  the  physical 
phenomena  will  cease  at  once  (Vanzetti's  sign). 

In  varicose  aneurisms  the  tumor  formed  by  the  intermediary  sac 
is  larger;  it  cannot  be  altogether  reduced,  either  by  direct  compression 
or  by  compression  on  the  proximal  side  of  the  artery.  Vanzetti's 
sign  cannot  be  obtained  as  readily  as  in  varicose  aneurism.  In 
some  comparatively  rare  cases,  in  spite  of  the  long  existence  of  an 
arteriovenous  anastomosis,  varicose  veins  may  exist,  and  yet  no  murmur 
or  thrill  be  present  when  the  venous  segment  on  the  central  side  of  the 
anastomosis  happens  to  be  obliterated.  The  case  may  then  be  readily 
mistaken  for  varicose  veins  (Delbet,  Terrier). 

From  arterial  aneurisms  the  differential  diagnosis  is  made  by  the 
purring  thrill  and  the  continuous  "machinery,"  bruit,  which  is  rein- 
forced by  each  systolic  contraction  and  is  propagated  centrifugally  and 
centripetally  along  the  veins.     In  addition  to  the  absence  of  all  these 
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accessory  signs,  the  murmurs  heard  in  arterial  aneurisms  are  intermittent 
and  heard  only  during  the  cardiac  systole. 

From  cirsoid  aneurisms  the  diagnosis  is  made  by  the  fact  that  a 
bunch  or  congeries  of  vessels  enter  into  the  formation  of  this  tumor, 
which  originates  sine  trauma,  and  in  special  locations,  scalp  and  face, 
and  is  not  limited  to  isolated  surgical  trunks. 

Prognosis. — The  relatively  benign  course  and  tendencies  of  simple 
aneurismal  varix  have  been  recognized  by  all  observers.  The  fact  that 
individuals  may  tolerate  this  lesion  indefinitely,  especially  when  situated 
in  the  neck  and  upper  extremities,  with  little  or  no  inconvenience, 
has  not  only  been  well  substantiated  by  the  accumulated  experience 
of  the  past,  but  is  judged  so  favorably  from  the  prognostic  point  of 
view  that  a  considerable  number  of  experimenters  and  practical 
surgeons  have  not  hesitated  to  create  artificial  aneurismal  varices, 
deliberately  planned  and  executed,  with  the  hope  of  utilizing  the  veins 
as  substitutes  for  obliterated  or  damaged  arteries. 

Varicose  aneurisms,  on  the  other  hand,  should  be  regarded  with 
more  prognostic  reserve  and  cautipn.  While,  unlike  the  pure  arterial 
aneurisms,  they  rarely  tend  to  enlarge  or  rupture  (unless  the  artery 
undergoes  aneurismal  change),  the  blood  entering  the  false  sac  readily 
finds  its  way  into  the  venous  lumen,  so  that  the  full  force  of  the  blood- 
pressure  is  never  brought  to  bear  upon  the  walls  of  the  sac.  Bramann 
and  Delbet  have  shown  that  the  benign  tendencies  of  this  class  of 
aneurisms  have  been  exaggerated  and  are  rather  relative  than  real. 
They  have  reached  the  conclusion  that  even  aneurismal  varix  is  always 
associated  with  local  disturbances  of  function  in  the  affected  limbs  or 
regions,  though  it  must  be  recognized  that  in  many  of  these  the  incon- 
venience and  disability  is  remarkably  insignificant.  In  contrast  with 
the  relative  benignity  and  tolerance  of  these  arteriovenous  communi- 
cations is  the  fact  that  they  rarely  tend  to  spontaneous  cure  (Broca, 
Bramann,  Delbet),  though  the  experience  of  the  last  few  years  iri 
military  practice  has  shown  that  in  aneurismal  varix  spontaneous  cure 
may  be  expected  in  a  certain  percentage  of  the  cases.  Spontaneous 
cure  in  varicose  aneurism  cannot  be  expected,  as  the  spontaneous 
coagulation  of  the  sac  contents  is  made  practically  impossible  by  the 
great  activity  of  the  intra-aneurismal  circulation.  In  the  lower 
extremity,  where  the  evils  of  venous  stasis  combined  with  arterial 
ischemia  are  much  more  severely  felt  than  in  the  upper  extremity,  it  is 
evident  that  interference  is  fully  justified  before  the  evil  effects  of  the 
varicose  state  have  been  fully  established. 

Treatment. — All  the  methods  of  treatment  which  have  been 
proposed  for  the  cure  of  arterial  aneurism  have  likewise  been  applied 
to  the  arteriovenous  variety.  Early  in  the  surgical  history  of  this 
condition  it  became  apparent  that  the  methods  of  compression  and 
ligature,  which  were  fairly  successful  in  the  treatment  of  arterial  aneu- 
risms, failed  signally  to  cure  arteriovenous  aneurisms,  and  that  when 
they  did  succeed,  by  obliterating  the  main  vascular  tracts,  the  disas- 
trous  effects   upon    the   peripheral   circulation — gangrene — were   far 
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greater  than  those  which  followed  the  same  procedures  in  pure  arterial 
aneurism.  It  is  not  surprising  that  in  the  face  of  bitter  and  disap- 
pointing experience  conservatism  and  abstention  from  operative  inter- 
ference should  have  become  the  rule  of  practice.  This  "  notable  dis- 
inclination to  interfere  in  aneurismal  varix  and  varicose  aneurism,  which 
characterized  the  attitude  of  the  older  surgeons,  even  long  after  the 
ligature  of  the  blood-vessels  had  become  a  possible  and  successful 
operation/'  was  encouraged  and  supported  by  the  fact,  long  established 
by  clinical  observation,  that  in  a  large  percentage  of  these  cases  the 
abnormal  arteriovenous  communication  was  remarkably  well  tolerated 
by  the  organism,  and  that  the  existence  of  such  a  lesion,  even  in  the 
more  important  vascular  tracts  (carotid,  subclavian,  iliac,  femoral), 
was  not  incompatible  with  a  long  and  useful  life.  The  tolerance  and 
relative  indifference  which  may  be  exhibited  by  a  large  number  of 
individuals  to  the  simple  type  (arteriovenous  fistula)  of  this  vascular 
lesion,  when  contrasted  with  the  uncertainty  and  the  risks  which  attach 
to  the  operative  treatment  of  this  condition,  especially  when  the  lesion 
involves  the  great  vessels  of  the  neck  and  root  of  limbs,  still  justifies 
a  conservative  and  discriminating  attitude. 

While  there  is  a  considerable  divergence  of  opinion  on  the  question 
of  interference  or  non-interference  in  arteriovenous  aneurisms,  one 
phase  of  the  question  has  been  definitely  decided  by  the  collective  and 
overwhelming  testimony  of  the  military  surgeons  in  recent  wars — viz., 
that  arteriovenous  injuries,  like  simple  arterial  wounds,  should  not  be 
interfered  with  as  long  as  they  are  not  associated  with  diffuse  or  pro- 
gressive hemorrhage  (Makins,  Bornhaupt,  Brentano,  Saigo,  Kikuzi). 
The  wisdom  of  this  policy  has  been  so  well  attested  by  the  results 
that  its  application  to  civil  as  well  as  military  practice  is  desirable. 
As  long  as  there  is  no  urgent  primary  or  secondary  hemorrhage  delay 
is  advantageous,  not  only  to  allow  the  injured  tissues  to  recover  from 
local  shock,  trauma,  and  infection,  but  to  favor  the  development  of  the 
collateral  circulation.  By  "  armed  expectation'*  the  tendencies  of 
the  lesion  toward  evolution  or  involution  are  observed,  the  possibility 
of  spontaneous  cure  under  appropriate  treatment  is  encouraged,  and 
the  development  of  a  defective  collateral  circulation  is  artificially  pro- 
moted by  the  surgeon  (digital  compression  on  the  proximal  side,  so 
much  insisted  upon  by  Bramann  and  the  surgeons  who  have  followed 
him  (1885),  especially  by  Kikuzi,  Saigo,  and  other  Japanese  surgeons, 
as  a  preliminary  to  operative  interference).  In  all  recent  cases  of  arterio- 
venous injury,  especially  those  involving  the  great  vascular  trunks  of 
the  neck  and  lower  extremities,  in  addition  to  the  careful  antiseptic 
and  occlusive  treatment  of  the  wound  with  the  view  of  obtaining  pri- 
mary union,  the  patient  should  be  given  the  benefit  of  the  most  complete 
circulatory  and  functional  (local)  rest,  as  far  as  possible.  Immobili- 
zation should  be  obtained,  with  gentle  but  firm  pressure  over  the  anas- 
tomotic connections,  using  plaster-of-Paris  dressings,  if  necessary,  for 
this  purpose.  Should  no  further  extension  or,  what  is  more  likely, 
should  contraction  and  diminution  occur,  it  will  be  well  to  continue  this 
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treatment  for  some  weeks  at  least  (Makins).  I  am  thoroughly  in 
accord  with  Makins,  who  says:  "My  own  opinion  is  strong  and  to  the 
effect  that  none  of  these  operations  [proximal  and  local  ligature  and 
direct  incision]  should  be  undertaken  before  a  period  of  two  or  three 
months  after  the  injury  unless  there  is  evidence  of  progressive  enlarge- 
ment. In  every  case  which  came  under  my  own  observation  progres- 
sive contraction  and  consolidation  took  place  up  to  a  certain  point 
under  the  influence  of  rest.  When  the  process  has  become  stationary 
and  the  surrounding  tissues  have  regained  to  a  great  extent  their  normal 
conditions,  the  operation  is  far  easier  and  more  likely  to  be  followed  by 
success."  Not  only  are  more  favorable  conditions  obtained  by  delay, 
but  even  complete  symptomatic  cure,  as  shown  by  ancient  as  well  as 
recent  experience,  can  be  obtained,  which  is  tantamount  to  an  actual 
cure.  On  the  other  hand,  while  delay  and  non-interference  is  advised 
for  suitable  non-active  aneurismal  varices,  we  must  not  lose  sight 
of  the  fact  that  all  arteriovenous  aneurisms  involve  the  artery  in 
the  injury,  and  that  pure  arterial  aneurism,  with  its  progressive 
tendency  to  rupture  and  hemorrhage,  may  develop  after  a  period  of 
apparent  quiescence.  Operative  interference  is  indicated  and  becomes 
mandatory  whenever  a  varicose  aneurism  shows  a  tendency  to  progres- 
sive enlargement,  when  there  are  signs  of  venous  stasis,  varicose  veins, 
and  trophoneurotic  disturbances  in  the  limbs,  and,  in  fact,  whenever 
functional  disability  of  any  sort  is  caused  by  the  arteriovenous  lesions. 
Whenever  this  occurs,  and  operative  treatment  is  decided  upon,  the 
next  question  which  suggests  itself  is,  Wrhat  is  the  best  treatment? 
Formerly  the  risk  of  hemorrhage,  shock,  infection,  and  gangrene  faced 
the  venturesome  operator,  and  a  frightful  mortality  followed  in  the 
wake  of  what  were  seemingly  the  simplest  procedures.  Hemorrhage, 
infection,  and,  to  a  large  extent,  shock  have  been  eliminated  by 
modern  technic,  but  unfortunately  gangrene  still  remains  a  menace  and 
penalty  whenever  methods  are  adopted  which  obliterate  the  main 
channels  of  the  circulation,  either  the  artery  or  the  vein,  or  both. 
Hence  the  preference  that  must  be  given  to  any  method  which 
will  obliterate  the  anastomosis  without  interrupting  the  continuity 
of  the  parent  vessels.  This  ideal  result  can  be  obtained  wherever  pro- 
phylactic hemostasis  is  possible,  either  by  (1)  direct  incision  over  the 
aneurismal  varix,  with  careful  isolation  and  dissection  of  both  parent 
trunks  and  ligation  of  the  intermediary  connecting  channel  (Liddell's 
suggestion),  only  applicable  to  very  rare  cases  of  simple  aneurismal 
varix;  (2)  direct  incision  over  the  aneurismal  varix,  with  extirpation  of 
an  intermediary  sac  when  this  is  present,  isolation  and  dissection  of 
the  vessels,  followed  by  separate  suture  of  the  arterial  and  venous 
orifices  by  lateral  arteriorrhaphy  and  phleborrhaphy.  This  ideal 
method  has  been  carried  but  successfully  by  a  number  of  operators — viz., 
Zoege  von  Manteuffel  (1895),  femoral  vessels;  Cammagio  (1898),  femoral 
vessels;  Gerard  Marchant  (1898),  brachial  suture;  Penguiez,  of  Amiens 
(1900),  who  operated  at  the  bend  of  the  elbow,  suturing  the  artery  and 
ligating  the  vein;  Matas,  of  New  Orleans  (1902),  who  sutured  the  sub- 
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clavian  vein  and  was  compelled  to  ligate  the  artery  on  each  side  of  the 
anastomosis;  Koerte  (1904),  who  detached  a  popliteal  varix  and  sutured 
each  vessel  separately;  Oliver,  of  Uruguay  (1904),  who  sutured  the 
femoral  vessels  separately;  J.  A.  Danna,  of  New  Orleans  (1905),  who 
sutured  the  femoral  vessels  separately;  Garre,  of  Leipsic  (1906),  who 
extirpated  a  large  sac,  ligated  the  vein,  and  restored  the  continuity 
of  the  artery  by  lateral  suture  (Fig.  99);  again  by  Matas  (1907,  unpub- 
lished), who  restored  both  vessels  in  Hunter's  canal  by  lateral  arterior- 
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Fio.  09. — Excision  of   Sac  in  Varicose  Aneurism,   with    Resection   of    the  Vein,  which 

was  LiovrED. 
Lateral  suture  of  opening  in  the  artery  (Garre).  Deutsch.  Zeit.  Chir.,  Bd.  Ixxxii..  Hft.  46. 


rhaphy  and  phleborrhaphy.  In  all  these  cases  the  arteriovenous  aneu- 
risms were  of  traumatic  and  recent  origin.  In  a  different  category 
must  be  placed  the  first  and  most  notable  case  operated  upon  by  J.  B. 
Murphy,  of  Chicago  (1897),  in  which  the  femoral  vein  at  Scarpa's  triangle 
was  sutured  laterally  and  the  artery,  too  much  damaged  for  lateral 
suture,  was  resected  and  united  by  invagination;  Lexer,  of  Konigsberg 
(1897),  also  reports  a  case  of  popliteal  aneurism  involving  both  vessels 
(Fig.  90),  in  which  both  vessels  were  united  after  resection  by  direct 
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end-to-end  arteriorrhaphy  and  phleborrhaphy  (Payr's  method).  (See 
Treatment  of  Aneurism.)  By  the  preceding  methods  excellent  results 
(all  successful  without  gangrene)  have  been  obtained,  but  in  many 
cases  not  without  inflicting  very  severe  and  extensive  traumatism  (see 
Garre's  and  Lexer's  cases).  To  ob- 
viate the  damage  done  to  the  peri- 
vascular tissues,  especially  when  in 
old  cases  false  sacs  had  formed, 
the  method  of  endo-aneurismorrha- 
phy  or  intrasaccular  suture  should 
prove  highly  advantageous  (Gess- 
ner's  case,  New  Orleans,  1906).  In- 
stead of  attempting  an  extirpation 
of  the  sac,  the  aim  of  the  operator 
should  be  simply  to  open  it  and  to 
obliterate  by  suture  all  the  openings 
which  may  be  found  in  its  in- 
terior (see  Endo-aneurismorrhaphy). 
The  accompanying  illustrations  and 
legends,    copied   from   W.  S.    Bick- 

ham's  admirable  contribution  on  the  subject,  show  plainly  how  this 
very  simple  principle  of  suturing  (instead  of  ligating)  vascular  orifices 
can  be  advantageously  applied  to  both  aneurismal  varices  and  varicose 
aneurism.  When  both  vessels  (artery  and  vein)  have  been  divided,  and 
the  continuity  of  the  parent  trunks  has  been  completely  interrupted,  a 


Fia.  100. — Extirpation  of  an  Arterio- 
venous Aneurism  "  en  bloc,"  the 
Artery  and  Vein  Ligated  Above 
and  Below  the  Sac  Before  Extir- 
pation (Lejars). 


Fio.  101. — The  Ligation  of  the  Artery  and  Vein  Above  and  Below  the  Wound  in  Each 
Vessel  in  Arteriovenous  Aneurism. 
The  intrasaccular  ligature,  or  method  of  Syme-Annandale  ;  also  known   as  the  "  Japanese 
method  of  Kikuzi." 


sac  will  form  between  the  divided  ends  of  the  vessels,  in  which,  on  open- 
ing the  sac,  the  four  orifices  of  the  divided  vessels  should  be  sought  for 
and  sutured.  The  usual  practice  has  been  to  extirpate  the  sac  and 
ligate  the  four  vascular  stumps  separately.  This  procedure  may  damage 
the  collateral  circulation  unnecessarily  and  imperils  the  limb,  whereas 
vol.  5—20 
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intrasaccular  suture  (obliterative  aneurismorrhaphy)  obliterates  the 
orifices  and  the  aneurism  without  interfering  with  the  peri-aneuris- 
mal  circulation.  The  success  obtained  by  Annandale  years  ago,  and  by 
Kikuzi,  on  a  much  larger  scale,  by  the  method  of  intrasaccular  ligature 
(see  Fig.  101),  and  by  Saigo  and  Tanaka,  with  extirpation,  all  argue  well 
for  the  success  of  the  intrasaccular  suture  in  arteriovenous  aneurisms, 
because  it  accomplishes  not  only  all  that  is  done  by  the  ligature,  but 
also  with  far  greater  simplicity  than  the  ligature.  Furthermore,  the 
suture  will  permit  the  restoration  of  the  continuity  of  the  artery  when- 


Fia.  102. — Varicose  Aneurism  Ttpb  of  Arteriovenous  Aneurism  of  Left  Common  Femoral 

Artery  and  Vein,  Showing  the  Application  to  this  Class  of  Aneurisms  of  the  Matab 

Method  of  Operating    upon  Ordinary  Aneurisms. 

The  opening  of   the  femoral  artery  into  the  common   aneurismal  sac  is  shown  on  the  right. 

with  interrupted  Lembert  gut  sutures  in  position,  ready  to  be  tied.     The  opening  of  the  femoral 

vein  is  seen  on  the  left,  with  similar  Lembert  sutures  in  position.     On  the  left  of  the  sac  two  gut 

sutures  are  in  the  act  of  being  placed,  which,  when  tied,  will  approximate  the  roof  of  the  sac 

(including  skin  and  intervening  tissues,  which  are  not  here  shown)  to  the  floor  of  the  sac.    Similar 

sutures  will  approximate  the  roof  and  floor  of  the  sac  upon  the  right  (Bickham,  in  Ann.  of  Surg., 

May,  1004). 

ever  the  condition  of  the  vessel  will  justify  it.  When  obliteration  alone  is 
possible,  the  suture  of  the  orifices  in  the  sac  will  interrupt  the  main  chan- 
nel within  the  strictest  minimum  space  compatible  with  reliable  hemo- 
stasis.  Those  who  have  had  special  experience  in  the  technic  may,  in 
some  cases,  find  it  feasible  to  resect  the  anastomotic  segment  and  reunite 
the  artery  and  the  vein  by  circular  suture  (Lexer's  case).  In  other 
cases  autogenic  or  heterogenic  grafting  or  venous  transplantation  may 
be  indicated  when  the  damaged  vascular  segment  is  so  large  that  the 
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continuity  of  the  vessel  cannot  be  restored  by  unaided  arteriorrhaphy. 
These  later  methods,  grafting  and  transplantation  (see  Treatment 
of  Aneurisms),  are  simply  mentioned  because  they  are  suggestive  and 
show  the  trend  of  professional  aspiration,  which  is  aiming  at  accom- 
plishing a  cure  of  aneurism  by  ideal  methods — i.  e.,  without  interrupting 
the  great  avenues  of  the  circulation. 

To  summarize  the  principles  that  should  govern  the  treatment  of 
arteriovenous  aneurism: 


Fig.  103. — Aneurismal  Varix  Ttpe  of  Arteriovenous  Aneurism  of  Left  Common  Femoral 

Artery  and  Vein,  Showing  the  Application  to   this  Class  of  Aneurisms  of  the 

Matas  Method  of  Operating  upon  Ordinary  Aneurisms. 

The  opening  of  the  femoral  artery  into  the  varicosed  vein  is  shown,  with  interrupted  Lembert 

gut  sutures  in  position,  ready  to  be  tied.     The  longitudinal  incision  in  the  vein  or  approaching  the 

arteriovenous  opening  (and  which  is  here  made  somewhat  unnecessarily  long)  is  shown  in  the  act 

of  being  closed  by  two  methods  of  suturing — above,  by  the  continuous  Lembert  of  the  outer  coats; 

below,  by  interrupted  ordinary  sutures  of  the  outer  coats  (Bickham,  in  Ann.  of  Surg.,  May,  1904). 

(1)  Arteriovenous  varices  (simple  aneurismal  varices,  more  espe- 
cially of  the  neck  and  upper  extremity)  should  not  be  disturbed  or 
interfered  with  surgically  as  long  as  they  do  not  cause  annoying  or 
menacing  symptoms  or  functional  disability. 

(2)  Shortly  after  the  injury  efforts  should  be  made  to  favor  spon- 
taneous cure  by  gentle  pressure  over  the  anastomosis  and  on  the  main 
artery  on  the  proximal  side  of  the  anastomosis  (Vanzetti's  method), 
or  by  simple  digital  compression  of  the  main  artery  on  the  proximal 
side,  rest,  and  immobilization. 
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'  (3)  When  signs  of  progressive  enlargement  of  the  tumor  (in  varicose 
aneurisms)  and  other  objective  or  subjective  evidences  indicate  that 
operative  interference  is  required  to  arrest  its  progress,  that  procedure 
should  be  preferred  as  the  method  of  election  which  will  obliterate  the 
arteriovenous  anastomosis  without  interrupting  the  continuity  of 
the  parent  vessels  (endo-aneurismorrhaphy)  for  varicose  aneurisms; 
incision  with  lateral  arteriorrhaphy  and  phleborrhaphy  for  the  simple 
aneurismal  varices. 

(4)  When  the  damage  done  to  the  vessels  is  so  great  that  the  restora- 
tion of  the  lumen  is  impossible  by  any  of  the  methods  of  intrasaccular 


Fio.  104. — Same  as  Fig.  103,  showing  a  continuous  Lembert  gut  suture,  which,  having  been 
passed  through  the  outer  coats  of  the  thickened  vein  at  the  angle  of  junction  of  vein  and  artery 
and  knotted,  is  passed  on  between  the  coats  of  the  vein  until  its  varicosed  cavity  is  entered  very 
near  one  end  of,  and  immediately  above,  the  first  tier  of  interrupted  sutures,  ana  is  then  made  to 
bury-in  this  first  tier  and  itself  in  continuous  Lembert  fashion  and,  emerging  at  the  opposite  angle 
of  junction  of  vein  and  artery,  is  tied  in  the  same  manner  as  at  its  entrance;  this  suture  is  not  yet 
tightened  throughout  (Bickham,  in  Ann.  of  Surg.,  May,  1904). 

suture  (restorative  and  reconstructive  endo-aneurismorrhaphy),  oblit- 
erative  aneurismorrhaphy  is  to  be  preferred  for  old  well-formed 
sacs;  the  intrasaccular  ligature  on  each  side  of  the  vascular  orifices 
(Syme,  Annandale,  Kikuzi)  for  recent,  thin,  and  ill-defined  sacs  and 
traumatic  pulsating  hematomata. 

(5)  In  some  aneurismal  varices,  which  are  embedded  in  masses  of 
cicatricial  or  fibrous  tissue  too  dense  to  permit  of  a  clean  dissection  of 
the  vessels  entering  into  the  anastomosis,  resection  of  the  anastomosis 
may  be  necessary,  with  ligation  of  the  afferent  and  efferent  trunks. 
In  such  cases  an  effort  should  always  be  made  to  restore  the  continuity 
of  the  vessels  or  of  the  artery,  at  least,  by  circular  or  end-to-end 
suture.     If  the  operator  feels  himself  competent  to  try  transplantation 


ARTERIOVENOUS    ANEURISMS. 


309 


or  grafting,  he  should  not  sacrifice  the  satellite  vein,  even  if  this  is 
available,  but  secure  a  segment  of  a  vein  from  some  other  region  of  the 
body  (saphenous,  basilic,  cephalic,  external  jugular). 

While  I  realize  that  the  methods  of  surgical  treatment  herein 
advocated  are  a  decided  departure  from  the  recommendations  of 
classic  authorities  (Delbet,  Bramann),  who  advocate  as  the  method 
of  election  extirpation  and  the  quadruple  ligature,  I  am  convinced  that 
the  best  results  will  follow  the  application  of  the  methods  of  suture 
which  will  cure  the  disease  and  yet  leave  the  great  vascular  channels 
undisturbed.  Furthermore,  failing  to  accomplish  this,  the  ligature 
at  the  seat  of  the  lesion  still  remains  practicable,  therefore,  the  results 


Fig.  105. — Varicose  Aneurihm  op  Left  Common  Femoral  Artery  and  Vein,  Treated  by  Ex- 
cision ok  the  Sac,  Followed  by  Suturing  of  the  Openings  in  the  Vessels. 
Upon  the  right,  a  small  elliptic  piece  of  the  sac  is  shown  connected  with  the  arterial  opening, 
with  the  first  tier  of  interrupted  Lambert  gut  sutures  in  position,  ready  to  be  tied.-  Upon  the 
left,  a  similar  elliptic  piece  of  aac  has  been  left  connected  with  the  venous  opening.  The  first  row 
of  Lembert  sutures  has  been  tied,  and  a  second  tier  of  ordinary  sutures  through  all  the  coats  is 
being  applied,  burying- in  the  first  tier.  Fig.  105  is  the  same  as  Fig.  102,  with  the  sac  excised  (Biclc- 
ham,  in  Ann.  of  Surg.,  May,  1904). 

cannot  be  made  worse  than  those  of  ligation,  which  is  followed  by 
peripheral  gangrene  in  the  lower  extremities  in  at  least  6  per  cent,  of 
the  cases  (5.66  per  cent.,  Delbet).  At  one  time,  and  not  long  ago, 
it  would  have  been  premature  and  injudicious  to  insist  upon  other 
than  ligature  methods;  the  time  has  now  come  when  the  suture  of 
arterial  wounds  or  vascular  injuries  in  aneurismal  sacs  has  ceased  to 
be  a  mere  laboratory  experiment,  and  when  this  procedure  can  be  confi- 
dently expected  from  any  intelligent  well-trained  surgical  practitioner. 

Addenda  to  the  Treatment  of  Arteriovenous  Aneurism. — Barring  coagulat- 
ing injections,  galvanopuncture,  acupressure,  forcipressure,  etc.,   as  unsurgical  and 
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dangerous,  there  are  several  methods  in  addition  to  those  previously  described  which 
claim  a  place,  though  quite  secondary,  in  the  surgical  therapy  of  arteriovenous 
aneurisms.  These  may  be  classed  as  follows:  (1)  Bloodless  methods:  direct  and 
indirect  compression,  including  simple  indirect  digital  compression,  flexion,  elastic 
compression,  and  Vanzetti's  method  of  combined  direct  and  indirect  compression;  (2) 
open  methods:  Verneuil  described  no  less  than  eight  methods  of  ligature,  extir- 
pation, etc.,  described  in  the  section  on  Treatment  of  Aneurisms.  Of  the  methods 
of  compression,  the  only  one  which  deserves  to  be  retained  in  exceptionally 
favorable  circumstances  is  the  combined  direct  and  indirect  method,  suggested 
by  Guattani  (1771)  and  systematized  by  Vanzetti  (1863).  Vanzetti  directs 
that  digital  compression  be  applied  to  the  main  artery  on  the  proximal  side 
of  the  sac,  while  the  fingers  of  the  other  hand  compress  the  vein  at  the  anas- 
tomotic orifice  or  as  near  to  it  as  possible.  The  object  of  the  pressure  is  to 
arrest  the  circulation  in  the  main  artery  while  stopping  all  flow  through  the 
anastomotic  channel,  aiming  at  the  same  time  to  induce  plastic  adhesion  and  oblit- 
eration of  the  channel  by  the  irritant  effect  of  persistent  compression.  Vanzetti 
cured  two  aneurisms  by  this  procedure  in  six  hours  each;  other  cases  took  longer, 
forty-eight  hours,  and  others  still  longer.  In  adopting  intermittent  compression, 
three,  six,  or  more  sittings  may  be  required  before  the  thrill  and  pulsation  can  be 
made  to  disappear.  Cures  can  be  expected  by  this  method  in  recent  cases  only,  not 
later  than  two  or  three  months  after  the  injury  (Delbet).  Furthermore,  the  method 
is  not  free  from  risk  of  peripheral  gangrene.  It  may  excite  phlebitis  and  throm- 
bosis with  the  attendant  danger  of  embolism.  The  artery  is  also  known  to  have 
undergone  repeated  aneurismal  dilatation  after  this  procedure,  in  consequence  of 
trauma,  and  rupture  has  followed  or  been  threatened,  thus  precipitating  an  unex- 
pected operation.  According  to  Delbet,  32  per  cent,  of  the  cases  are  cured  if  taken 
at  an  early  stage.  Brasseur  (These  de  Paris,  1905)  has  collected  75  cases  treated 
by  this  method,  of  which  26  were  cured.  In  40  cases  at  the  bend  of  the  elbow,  it 
cured  24  and  failed  in  16;  in  the  axillary,  popliteal,  and  groin  it  failed  altogether, 
and  succeeded  only  twice  in  11  femoral  aneurisms  to  which  it  was  applied.  There- 
fore, if  statistical  experience  is  to  be  relied  on,  Vanzetti's  method  could  only  be 
expected  to  effect  a  cure  in  arteriovenous  aneurisms  of  the  bend  of  the  elbow,  where 
it  will  cure  over  50  per  cent,  of  the  cases.  However,  it  is  well  worth  remembering 
in  the  treatment  of  all  recent  cases  in  which  the  circulation  in  the  anastomosis  can 
be  absolutely  controlled  by  this  method.  The  proximal  ligature,  which  has  probably 
been  more  extensively  applied  than  any  other  method,  has  been  shown  to  be  not  only 
theoretically  unreliable  as  a  method  of  cure  but  also  more  liable  to  produce  per- 
ipheral gangrene  than  any  other  method.  It  is  condemned  by  the  statistics  even  of 
the  present  aseptic  period,  as  shown  by  Stimson,  Michaux,  Curtis,  Delbet,  Brasseur, 
and  von  Bramann.  The  statistics  of  the  ligature  in  the  modern  period  are  not 
more  encouraging,  if  we  are  to  judge  by  Stevenson's  report  of  the  South  African 
War:  63  cases  of  traumatic  aneurism,  of  which  45  were  of  the  diffuse  and  13  of  the 
circumscribed  variety.  Of  these,  33  (nearly  58  per  cent.)  were  arteriovenous;  27 
of  these  were  treated  by  ligature  and  one  by  primary  amputation;  9  of  the  ligated 
cases  wece  followed  by  gangrene  (nearly  33  per  cent.),  compelling  amputation. 

Of  all  the  operative  methods  heretofore  offered,  extirpation  of  the  sac  of  aneuris- 
mal varix  has  yielded  apparently  the  best  results,  except,  possibly,  the  intrasaccular 
ligatures  of  Kikuzi,  who  states  that  he  has  had  but  1  gangrene  in  his  whole  experi- 
ence with  85  aneurisms;  and  this  happened  to  be  an  arteriovenous  femoral  aneurism, 
in  which  he  ligated  the  vein.  Saigo  operated  upon  15  arteriovenous  aneurisms, 
chiefly  by  extirpation,  and  had  gangrene  in  1  treated  by  this  method  and  1  after 
the  "quadruple"  ligature  of  the  femoral  vessels.  In  36  cases  of  extirpation  from 
the  modern  period,  collected  by  Brasseur  (1905),  there  was  1  death,  and  no  gangrene 
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mentioned.  These  are,  however,  largely  selected  cases  from  the  literature,  and  not 
altogether  fair  for  comparative  purposes.  Delbet  admits,  however,  that  in  53  arterio- 
venous cases  treated  by  the  quadruple  ligature  there  were  3  gangrenes,  or  6.66  per 
cent.,  which  he  estimates  is  four  times  less  than  gangrene  that  follows  the  simple 
proximal  ligation  on  the  Hunterian  plan.  While  these  three  modes  of  treatment — 
"quadruple  ligation,"  " incision,"  and  "extirpation" — all  exclude  about  the  same 
length  of  the  vascular  tract  in  the  artery  and  vein,  they  all  stand  on  the  same 
plane  as  regards  the  liability  to  gangrene.  However,  the  traumatism  of  extirpation 
is  so  much  greater  than  the  plain  intrasaccular  ligature  or  suture  (which  respects 
the  sac),  that  there  must  be  greater  risk  from  injury  to  the  regional  collaterals 
whenever  extensive  extirpations  are  attempted. 

Bibliography. 

v.  Bramann:  Arch.  f.  klin.  Chir.,  vol.  xxxiii.,  1886. 

Delbet:  Pronostic  et  Traitment  des  Anevrysmes  arterioveineux  externes,  1889. 

Osier,  W.:  Trans.  South.  Gyn.  Assoc.,  1907;  London  Lancet,  October  14,  1905; 

Johns  Hopkins  Hosp.  Bull.,  xv.,  1904. 
Schjerning:  Kriegschirurgie,  Virchow  and  Posner's  Jahresb.,  xxxix.,  1904.. 
Franck,  Francois:  Journal  de  l'Anat.  et  de  la  Physiol.,  xiv.,  Paris,  1878;  ibid., 

xv.,  1879;  Comptes  Rend.  Soc.  de  Biol.,  Paris,  1882,  S.  7. 
Gluck:  Zentralbi.  f.  Chir.,  No.  46,  1906. 
Jaboulay-Briau:  Lyon  Medical,  1896,  p.  97,  1903,  T.  xxvii. 
Gallois-Pinatelle:  Rev.  de  Chir.,  1903,  T.  xxvii.,  p.  236. 
Stich-Makkas-Dowman:  See  Arteries. 

Sweet:  Annals  of  Surg.,  September,  1907;  Internat.  Clinics,  1907,  vol.  iii. 
Watts:  Johns  Hopkins  Hosp.  Med.  Bull.,  May,  1907. 
Tuffier:  Bull,  et  Mem.  de  la  Soc.  de  Chir.,  1907,  No.  14. 
Hoepfner:    Arch.  klin.  Chir.,  vol.  Ixx.,  H.  2,  1903. 

Hubbard:  Annals  Surg.,  v.,  44,  1906.    Boston  Med.  and  Surg.  Jour.,  Aug.  8,  1907. 
Lilienthal:  Annals  of  Surgery,  March,  1903;  August,  1905;  January,  1907. 
Torrance:  Annals  of  Surgery,  July,  1904;  September,  1907. 
Doberauer:  Presse  M&iicale,  September  4,  1907.     (See  Arteries.) 
Delbet:  Les  modernes  Acquisitions,  Paris,  1906. 
Zoege  von  Manteuffel:  Berl.  klin.  Woch.,  No.  34,  1895. 
Cammaggio:  Riforma  Medica,  1898,  vol.  iv.,  No.  125. 
Marchant,  Gerard:  Bull,  et  Mem.  Soc.  de  Chir.,  Paris,  July,  1898. 
Peugniez:  Gaz.  M&l.  de  Picardie,  1900,  xviii. 
Matas:  Jour.  Amer.  Med.  Assoc.,  January  11,  1902. 
K6rte:  Ref.  in  Centralbl.  f.  Chir.,  1904. 
Oliver:  Rev.  MeU  de  Uruguay,  vii.,  1904,  pp.  253-260. 
Danna:  Proceedings  Louisiana  State  Med.  Soc,  1907. 
Murphy,  J.  B.:  N.  Y.  Med.  Record,  January  16,  1897. 
Gessner:  Trans.  Louisiana  State  Med.  Soc.,  1907. 
Lexer:  Loc.  cit. 

Bickham:  Annals  of  Surgery,  May,  1904. 
Brasseur:  These  de  Paris,  1905. 
Stimson:  Dennis1  Surgerv. 
Curtis:  Amer.  Jour.  Med.  Sci.,  February,  1891. 
Von  Appel:  Archiv.  f.  klin.  Chir.,  1908,  lxxxv. 
Wolff,  E.:  Beitrag.z.  klin.  Chir.,  Bd.  lviii.,  1908. 

Note. — The  bibliography  here  given  simply  refers  to  publications  not  included 
in  the  bibliography  of  other  sections  in  the  chapter  on  the  Surgery  of  the  Vascular 
System. 

Aneurisms  of  Special  Arteries. 

The  Aorta. — We  shall  only  briefly  consider  in  this  section  the 
general  results  obtained  by  the  operative  treatment  of  aortic  aneu- 
risms. The  medical,  symptomatic,  palliative,  and  other  methods  of 
treatment,  except  the  operative,  have   been   sufficiently  considered 
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in  the  General  Treatment  of  Aneurism,  as  the  remarks  there  made 
refer  almost  exclusively  to  aortic  aneurism. 

Before  reviewing  the  surgical  (open)  treatment  of  aortic  aneurisms 
it  will  be  well  to  present  a  few  facts  of  preliminary  interest  regarding 
abdominal  aortic  aneurisms,  as  these  are  more  liable,  at  present,  to 
direct  surgical  intervention  than  the  thoracic  aneurisms.  (1)  -The 
incidence  of  abdominal  aortic  aneurism  varies  considerably  in  different 
parts  of  the  world.  (2)  Aneurism  of  the  abdominal  aorta  occurs 
much  less  frequently  than  aneurism  of  the  thoracic  aorta;  1:7,  in 
London,  St.  Bartholomew's  Hospital;  to  1:4,  in  St.  George's,  and 
1 :  2,  in  New  Orleans  Charity  Hospital.  (3)  Aneurism  of  the  abdominal 
aorta  occurs  most  frequently  in  the  prime  of  life;  (4)  the  disease  is 
11  times  more  frequent  in  men  than  in  women;  (5)  it  is  improbable 
that  hard  work,  apart  from  sudden  effort,  is  capable  of  producing 
aneurism  of  the  abdominal  aorta;  (6)  aneurisms  of  the  abdominal 
aorta,  attributed  to  strains,  are  probably  due  to  a  rise  of  blood- 
pressure  caused  by  a  sudden  violent  effort;  (7)  chronic  intoxications 
are  capable  of  producing  aneurism  of  the  abdominal  aorta  only  by 
directly  causing  disease  of  the  aortic  walls;  (8)  in  some  cases  aneurism 
is  due  to  congenital  defects,  dystrophy  of  the  media  in  the  vessel- 
wall;  (9)  aneurism  of  the  abdominal  aorta  occurs  most  frequently 
in  the  neighborhood  of  the  celiac  axis;  (10)  it  is  commonly  of  the 
saccular  type,  and  frequently  becomes  diffuse;  (11)  the  majority 
of  cases  terminate  by  rupture,  this  rupture  being  into  the  retroperi- 
toneal tissues  more  frequently  than  elsewhere;  (12)  they  terminate 
by  rupture  much  more  frequently  than  do  cases  of  aneurism  of  the 
thoracic  aorta;  (13)  gastro-intestinal  symptoms  are  not  especially 
associated  with  aneurism  of  any  particular  part  of  the  abdominal 
aorta;  (14)  examination  with  the  Roentgen  rays  would  seem  to  be 
valuable  only  as  a  means  of  confirming  a  positive  diagnosis;  (15)  the 
average  course  of  the  disease  extends  over  from  thirteen  to  fifteen 
months. 

Open  Surgical  Treatment. — Ligature. — Abdominal  Aorta. — The 
literature  of  this  great  vessel  has  been  recently  enriched  by  the 
learned  and  patient  researches  of  M.  Katzenstein,  and  the  still  later 
and  most  thorough  monograph  of  Offergeld.  In  his  very  note- 
worthy contribution  Offergeld  not  only  confirms  the  results  of 
Katzenstein's  previous  investigations,  but,  by  his  experimental 
study  of  the  blood-pressure  after  the  ligation  of  the  aorta  and  great 
arteries,  shows  convincingly  that  the  reestablish ment  of  the  (collateral) 
circulation  after  the  ligation  of  the  large  vascular  trunks  is  dependent 
upon  a  great  increase  in  the  blood-pressure  above  the  ligature,  and 
in  the  suppressed  vascular  territory.  If  the  heart  fails  to  respond 
to  the  strain  put  upon  it,  death  occurs  from  cardiac  dilatation  and 
insufficiency,  and  the  collateral  circulation  is  not  developed.  As 
the  result  of  his  study  he  concludes:  that  the  ligature  of  the  abdom- 
inal aorta  below  the  origin  of  the  inferior  mesenteric  artery  taxes  the 
heart  with  so  enormous  an  amount  of  work  that  only  an  absolutely 
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healthy  and  functionally  capably  organ  outlives  the  strain — a  require- 
ment that  is  rarely  met  unless  it  be  in  acute  traumatic  hemorrhage 
directly  from  wounds  of  the  aorta  or  its  branches  in  otherwise  normal 
subjects.  Death  after  aortic  ligation  is  ultimately  due  to  failure 
of  heart  power.  The  few  isolated  instances  in  which  animals  have 
survived  the  ligature  show,  by  an  immense  concentric  hypertrophy 
of  the  organ,  that  the  heart  has  risen  to  the  full  measure  of  the  enor- 
mous tax  put  upon  it.  If  the  heart  can  survive  the  strain  put  upon 
it,  the  collateral  circulation  will  ultimately  develop.  The  paraplegia 
observed  after  aortic  ligation  is  not  due  to  central  spinal  lesions,  as 
claimed  by  Sarlo  and  others,  but  solely  to  peripheral  ischemia. 

The  abdominal  aorta  has  been  ligated  15  times  since  Sir  Astley 
Cooper  performed  the  first  operation  in  1817.  Death  followed  in 
each  instance,  though  the  end  was  delayed  to  the  forty-eighth  day 
in  Keen's  case,  and  to  the  thirty-fourth  day  in  Tillaux's  case.  If 
the  patient  survives  the  cardiac  strain  (which  is  even  rare  in  perfectly 
normal  healthy  animals),  he  still  has  to  face  the  risk  of  rupture  or 
ulceration  of  the  aorta  at  the  seat  of  ligature  with  fatal  hemorrhage. 
Shock,  hemorrhage,  sepsis,  but,  above  all,  cardiac  and  circulatory 
insufficiency,  are  the  cause  of  death  after  this  ligature.  Keen  states 
that  after  he  had  felt  "the  enormous  rebound  of  the  aorta  in  the 
narrow  ligature  we  put  on  these  vessels,  he  made  up  his  mind  that 
never  again  would  he  be  tempted  to  tie  the  aorta  in  that  way";  and 
accordingly  he  devised  an  instrument  for  the  purpose  of  its  oblitera- 
tion— not  by  a  narrow  ligature,  but  by  a  broad  metal  clamp,  one 
clamp  behind  the  artery  and  the  other  in  front  of  it,  and  adjustable 
by  a  screw.     Lambotte  has  devised  a  clamp  for  the  same  purpose. 

The  fact  that  the  blood-pressure  is  not  so  high  and  the  heart 
muscle  is  able  to  survive  the  strain  of  partial,  gradual  aortic  stenosis,  as 
shown  by  numerous  cases  (see  Tillaux's  and  Riche's  report)  in  which 
pathologic  occlusion  by  thrombus  and  other  causes,  as  shown  by  post- 
mortem examinations,  and  that  the  (collateral)  circulation  is  reestab- 
lished, if  the  patient  survives  long  enough,  encourages  the  possibility 
of  better  results  in  abdominal  and  low  thoracic  aneurisms  by  the 
use  of  the  aluminum  bands  devised  by  Halsted  or  its  modification 
by  myself.  The  experimental  results  obtained  by  this  method  are 
sufficiently  encouraging  to  foster  the  hope  that  their  further  applica- 
tion in  practice  will  yield  far  better  results  than  have  been  hitherto 
obtained  by  the  ligature  or  any  other  method  of  treatment  thus  far 
suggested.  These  and  the  similar  efforts  of  Stratton,  of  Oakland,  Cal., 
to  cure  abdominal  aortic  aneurisms  by  gradual,  direct  arterial  closure 
with  a  specially  devised  snare-like  compressing  apparatus,  are  in  the 
right  direction  and  are  preparing  the  way  for  final  success  by  gradual 
occlusion.  In  addition  to  the  ligature,  three  attempts  have  been 
made  to  cure  abdominal  aneurism  by  the  method  of  intra-saccular 
suture  (Matas)  (Lozano,  of  Saragossa,  1905;  Munro,  of  Boston,  1906; 
Crile,  of  Cleveland,  Ohio,  1907).  The  conditions  were  extremely 
unfavorable  for  any  operation.    The  arterial  orifices  leading  to  the  sac 
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were  obliterated  by  suture;  but  in  two  cases  hemostatic  clamps  had 
to  be  left  in  situ  to  control  bleeding;  in  one  case  from  ruptured  diver- 
ticula (Munro),  in  the  other  by  the  repeated  perforation  of  the  athero- 
matous aorta  with  calcareous  spiculae  and  sharp  fragments,  wherever 
the  clamps  were  applied  on  the  vessel  to  control  the  circulation  while 
the  operation  on  the  aneurism  was  in  progress  (Lozano).  In  Crile's 
case  a  formidable  hemorrhage  came  from  the  collaterals  in  the  distal 
end  of  the  sac,  which  he  thinks  could  have  been  prevented  by  peri- 
pheral compression.  In  suitable  cases,  as  recognized  by  preliminary 
exploration,  in  which  a  typical  sacciform  aneurism  with  a  single 
orifice  of  communication  is  found,  it  may  be  possible  to  obliterate  the 
sac  without  interrupting  the  continuity  of  the  aorta.  In  fusiform 
aneurisms  above  the  renal  arteries,  and  all  those  in  which  free  access 
and  control  of  the  circulation  in  the  sac  are  not  easily  obtained,  the 
operation  of  endo-aneurismorrhaphy,  as  well  as  the  ligature  or  any 
other  obliterative  procedure  by  direct  intervention,  is  contraindicated. 

Ligatures  in  the  Treatment  of  Thoracic  Aneurisms. — Permanent 
Ligation  of  the  Thoracic  Aorta  Below  the  Left  End  of  the  Arch  (Brasdor 
Principle). — Guinard,  Paris,  performed  this  operation  for  the  first 
time  in  surgical  history  on  June  20,  1904.  The  aorta  wai  reached  by 
a  posterior  thoracostomy  and  osteoplastic  flap.  As  the  ligature 
was  drawn  tight,  the  femoral  pulse  stopped  at  once,  and  the  lower 
part  of  the  body  grew  pale  and  cold,  but  in  less  than  fifteen  minutes 
the  circulation  became  reestablished  and  the  parts  grew  warm  again. 
After  the  ligature  of  the  aorta  in  the  thorax  the  intercostal  anasto- 
moses were  sufficient  to  supply  the  abdominal  aorta  and  the  legs 
with  blood,  but  the  physiologic  functions  of  the  kidney,  requiring  a 
considerable  degree  of  blood-pressure  in  the  renal  arteries,  were 
totally  arrested  by  the  reduction  in  the  intra-arterial  pressure.  This 
is  an  additional  reason  why  ligature  of  the  aorta  above  the  renal 
arteries  proves  invariably  fatal. 

With  the  object  of  removing  an  aneurismal  sac  which  he  believed 
to  be  accessible  and  amenable  to  extirpation,  Tuffier,  Paris,  applied 
a  ligature  not  to  the  pedicle,  but  near  the  summit  of  a  saccular  aneur- 
ism of  the  arch,  3£  cm.  from  the  neck.  The  sac  was  not  resected, 
becoming  gangrenous  on  the  fourteenth  day,  and  the  patient  died 
from  secondary  hemorrhage  on  the  seventeenth.  As  far  as  is  known 
this  case  is  unique  in  literature. 

Temporary  Ligature  of  the  Thoracic  Aorta. — This  has  been  unsuc- 
cessfully attempted  by  Tormi  (Buenos  Aires)  and  Villar  (Bordeaux). 
(See  Boinet,  "Maladies  des  Art&res  et  de  PAorte,"  Brouardel-Gilbert, 
Nouveau  Traits  de  M£d.,  Paris,  1907.) 

Ligature  of  the  Iliacs. — This  is  an  application  of  the  Brasdor  and 
Wardrop  method  to  aneurisms  of  the  abdominal  aorta.  This  liga- 
ture below  the  sac  has  invariably  proved  fatal. 

The  ligation  of  the  peripheral  arteries — on  the  Brasdor-Wardrop 
principle  for  the  cure  of  aneurisms  of  the  arch  of  the  aorta  has  been 
studied  by  many  authors,  among  them  Rosenstirn  (Arch.  klin.  Chir., 
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1887,  Bd.  xxxiv),  Jacob  (Inaug.  Dissert.,  Berlin,  1892),  Jacobsthal 
(Deutsch.  Zeit.  Chir.,  Bd.  lxiii,  1902).  In  France,  where  this  method 
of  treatment  has  received  special  attention,  in  consequence  of  the 
influential  advocacy  of  Guinard  and  Le  Dentu,  the  statistics  of  Acosta 
Ortiz  (Thfcse  de  Paris,  1892),  Poivet  (Thfcse  de  Paris,  1893),  of  Blacque 
(These  de  Paris,  1895),  and  the  recent  paper  by  Guinard  (Revue  de 
Chir.,  February  10,  1909),  are  especially  important.  In  the  United 
States  Randolph  Winslow's  paper  (Annals  of  Surgery,  May,  1891) 
is  also  to  be  consulted.  The  procedures  which  have  been  applied 
for  the  purpose  of  curing,  not  only  aneurisms  of  the  aorta,  but  also 
of  the  innominate  and  those  of  its  branches  at  their  origin  in  the 
mediastinum,  because  they  all  merge  one  into  the  other  and  are 
very  difficult  to  isolate  as  separate  aneurisms,  may  be  grouped  as 
follows:  (1)  Ligature  of  the  left  common  carotid;  (2)  ligature  of  the 
right  common  carotid;  (3)  simultaneous  ligatures  of  the  right  common 
carotid  and  the  right  subclavian;  (4)  ligature  in  two  sittings  of  the 
right  common  carotid  and  the  right  subclavian;  (5)  ligature  of  the 
left  common  carotid  and  the  left  subclavian;  (6)  simultaneous  liga- 
ture of  the  left  common  carotid  and  the  left  axillary;  (7)  simultaneous 
ligature  of  the  left  common  carotid  and  the    left  subclavian. 

Jacobsthal,  in  reviewing  the  statistical  evidence  which  had  accu- 
mulated up  to  1903,  found  a  total  of  44  reported  cases  in  which  the 
procedures  above  mentioned  had  been  applied.  He  concluded  that 
the  immediate  operative  recoveries,  with  the  reported  cures  or  marked 
improvement,  may  be  estimated  in  the  later  statistics  to  be  66.7  per 
cent.;  with  the  old  and  the  modern  combined,  53.5  per  cent.  Of 
the  23  reported  recoveries,  15  were  observed  until  death,  but  only 
3  cases  survived  at  least  three  years.  It  follows  that,  notwithstanding 
the  high  percentage  of  reputed  operative  cures,  the  favorable  results 
are  found  to  be  very  modest  on  closer  inspection,  especially  when  the 
fact  is  taken  into  consideration  that  the  natural  duration  of  the 
disease  is  not  always  a  short  one — e.  g.,  in  Whipham's  case  the  patient 
survived  sixteen  years  after  the  recognition  of  the  disease  and  without 
any  operative  treatment. 

Guinard,  whose  experience  (15  personal  operations)  entitles  his 
opinion  to  the  highest  consideration,  expresses  himself  as  well  satisfied 
with  the  results  of  these  ligatures.  He  especially  recommends  the 
simultaneous  ligation  of  the  common  carotid  and  the  subclavian  on 
the  right  side,  an  operation  which  he  first  performed  in  1892,  and 
is  known  by  some  operators  as  Guinard's  procedure.  He  insists 
emphatically  upon  the  ligation  of  the  common  carotid  as  the  first  part 
of  the  procedure.  Silk  or  catgut  can  be  used;  drainage  is  not  necessary 
unless  the  operation  has  been  particularly  long  and  difficult.  The 
results  are  better  the  greater  the  distance  between  the  aneurism  and 
the  heart;  his  experience  teaches  him  that  whether  the  aneurism 
begins  in  the  arch  of  the  aorta  or  in  the  innominate,  or  in  the  branches 
given  off  by  this  trunk,  the  simultaneous  distal  ligation  of  the  common 
carotid  and  the  right  subclavian  will  be  followed  by  beneficial  results. 
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His  later  experience  warrants  him  in  saying  that  in  every  case  some 
benefit  may  be  expected. 

As  a  whole,  we  are  inclined  to  conclude  with  Boinet  that  these 
various  ligatures  have  furnished  only  mediocre  results,  with  short 
survivals  and  temporary  improvements;  they  constitute  procedures 
of  necessity,  and  are  to  be  employed  in  those  cases  in  which  medical 
means  have  proved  inefficient,  or  where  the  constant  growth  of  the 
aneurism  threatens  the  patient's  existence. 

Innominate  aneurism  represents  3  per  cent,  of  all  internal  aneu- 
risms. Though  the  innominate  artery  is  a  comparatively  short 
tract,  the  aneurisms  which  develop  at  its  expense  are  susceptible 
of  division  into  at  least  four  types,  which  it  is  important  to  distin- 
guish for  diagnostic  and  surgical  purposes:  (1)  Some  are  situated 
at  the  origin  of  the  vessel,  the  innominate  sac  blending  with  the  aortic 
arch;  (2)  others  occupy  the  terminal  portion  of  the  artery,  and  involve 
either  the  carotid,  the  subclavian,  or  both  vessels,  in  the  sac.  Next 
to  the  first  group,  this  is  the  most  common  form  and  the  most  impor- 
tant for  the  proximal  ligature  or  Halsted's  bands,  or  the  intrasaccular 
suture.  (3)  Sometimes  the  entire  circumference  of  the  artery  is 
involved,  forming  a  true  fusiform  aneurism.  (4)  In  the  rarest  group, 
the  dilatation  remains  limited  to  the  middle  portion  of  the  artery 
(Whipham  and  Whiting's  cases). 

Innominate  aneurisms  are  usually  of  the  saccular  type.  The 
fusiform  variety  is  rare.  Some  of  the  largest  known  aneurisms 
have  sprung  from  the  innominate.  In  their  development  they  present 
two  phases:  the  intrathoracic  and  the  extrathoracic  or  cervical. 
In  adapting  itself  to  its  environment,  the  sac  sometimes  assumes  a 
bilobular  appearance.  In  one  case  the  sac  extended  from  the  sternal 
notch  to  the  epigastrium  (Hampeis;  Delbet).  Participation  of  the 
subclavian  in  aneurisms  of  the  innominate  is  by  no  means  rare — 17 
per  cent.  (Poivet),  21.4  per  cent.  (Jacobsthal).  The  prognosis  and 
the  treatment  in  these  mixed  cases  coincide  with  those  of  innomi- 
nate aneurism. 

The  differential  diagnosis  of  these  aneurisms  from  those  of  the 
aortic  arch  or  the  mixed  aortic-innominate  and  the  simple  innominate, 
is  far  from  easy,  and  from  the  surgical  point  of  view  unimportant; 
however,  great  assistance  is  obtained  in  obscure  cases  by  careful 
and  repeated  fluoroscopic  examinations. 

Treatment — The  medicinal  treatment  is  the  same  as  that  applied 
to  aortic  aneurism.  Excluding  wiring  (Moore's  method)  and  the 
Moore-Corradi  method,  needling  and  simple  galvanopunctures,  the 
only  surgical  treatment  thus  far  applied  has  been  limited  to  the 
ligature.  The  proximal  ligature  between  the  aneurism  and  the  aorta 
has  been  applied  in  all  only  6  times. 

According  to  statistics,  the  involvement  of  the  aorta  with  the 
innominate  does  not  constitute  a  contra-indication  to  peripheral 
ligature  of  the  subclavian  or  carotids.  The  prognosis  as  to  permanent 
results  in  these  mixed  cases  is  unfavorable.     Of  the  120  known  cases 
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of  the  mixed  type  operated  upon  by  peripheral  ligature,  Jacobsthal 
knows  of  only  two  which  have  lived  for  more  than  three  years  after 
the  operation. 

Aneurisms  which  are  confined  to  the  innominate  are  most  bene- 
fited by  the  distal  ligature,  the  saccular  variety  being  more  favorable 
than  the  fusiform,  and  the  small  size  than  the  large.  Fortunately, 
the  diagnosis  of  the  seat  and  extent  of  the  aneurism,  and  especially 
of  the  extent  of  aortic  involvement,  which  formerly  it  was  frequently 
impossible  to  determine  and  gave  rise  to  numerous  mistakes,  has 
been  remarkably  cleared  and  facilitated  by  the  x-ray  and  fluoroscopic 
examinations.  L.  Imbert  and  H.  Pons  (Arch.  Provincial.  Chirurgie, 
T.  xvii,  1907),  in  a  very  complete  review  of  the  subject,  agree  with 
Guinard  and  Le  Dentu  in  the  decided  possibility  of  curing  innominate 
aneurism  by  distal  ligation,  and  that  the  method  of  election  is  the 
simultaneous  ligature  of  the  right  common  carotid  and  right  sub- 
clavian, beginning  always  with  the  common  carotid.  They  do  not 
dread  cerebral  complications  after  the  ligature  of  the  common  carotid, 
provided  the  opposite  carotid  is  not  obliterated.  Obliteration  is 
recognized  by  the  absence  of  the  temporal,  facial,  and  carotid  pulse. 
Under  these  circumstances  the  right  subclavian  alone  could  be  ligated, 
provided,  again,  that  the  corresponding  radial  pulse  is  felt.  The 
results  thus  far  obtained  are:  operative  deaths,  due  to  secondary 
hemorrhage  and  cerebral  complications,  15  per  cent.;  failures  to  influ- 
ence the  growth  of  the  aneurism,  30  per  cent.;  apparent  permanent 
symptomatic  cures,  22  per  cent.  Seemingly,  therefore,  one-fourth 
of  the  cases  should  be  benefited  by  this  procedure. 

The  innominate  artery  was  ligated  for  the  first  time  by  Valentine 
Mott,  of  New  York,  on  May  11,  1818,  for  traumatic  subclavian 
aneurism.  The  patient  died  on  the  twenty-sixth  day  from  sepsis 
and  secondary  hemorrhage.  The  first  successful  operation  was 
performed  by  Andrew  W.  Smyth  at  the  Charity  Hospital,  New  Orleans, 
La.,  May  15,  1864,  for  a  subclavian  aneurism.  In  this  case  the 
innominate,  carotid,  and  vertebral  were  ligated  for  the  first  time. 
Septic  infection  and  secondary  hemorrhage  occurred  as  usual  in 
those  days,  on  the  fifty-fourth  day,  when  the  vertebral  was  ligated, 
the  hemorrhage  being  controlled  to  some  extent  by  the  ingenious 
expedient  of  the  operator,  who  filled  the  wound  with  shot.  The 
patient  left  the  hospital  apparently  cured,  but  returned  in  1875  with 
the  aneurism  as  large  as  before;  the  internal  mammary  was  ligated 
without  benefit;  the  sac,  threatening  to  burst,  was  opened  by  direct 
incision,  with  the  hope  of  plugging  the  opening  of  the  aneurismal 
artery,  but  in  vain.  The  sac  had  to  be  plugged  en  masse,  and  the 
patient  died  of  hemorrhage  within  forty-eight  hours. 

The  most  recent  statistics  of  ligature  of  the  innominate  are:  Jacobsthal  (Deutsch. 
Zeit.  f.  Chir.,  lxiii,  1902);  Delaup,  New  Orleans  (Phil.  Med.  Jour.,  January  26, 1901); 
Sheen,  of  Cardiff  (Annals  Surg.,  January,  1905),  and  Burns,  of  Memphis  (Trans.  Surg. 
Sect.  Am.  Med.  Assn.,  June,  1908).  Burns,  in  his  summary,  shows  that  of  the  51 
times  the  innominate  artery  has  been  approached  with  the  idea  of  securing  it  in  a 
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ligature,  11,  or  21.5  per  cent.,  recovered;  21,  or  42  per  cent.,  suffered  from  wound 
infection;  6,  or  11.6  per  cent.,  died  from  shock,  and  6  died  of  cerebral  complications. 
Out  of  the  total  1 1  recoveries,  36  per  cent,  of  the  wounds  were  infected. 

Carotid  Aneurisms. — I.  Common  Carotid  Aneurisms. — Aneurisms 
of  the  trunk  are  more  frequent  than  that  of  its  branches.  Their 
relative  frequency,  compared  with  other  aneurisms,  is  25:  551 
(Crisp);  5:  172  (Holcombe).  Aneurism,  which  in  general  is  a  rare 
disease  in  women,  is  relatively  frequent  in  the  carotid  region.  Aneu- 
risms of  other  arteries  occur  8  times  more  often  in  men  than  in  women, 
but  in  the  carotid  region  one-third  of  the  cases  occur  in  women. 
According  to  Guyon,  the  arterial  tension  is  enormously  increased 
during  the  expulsive  efforts  of  labor,  and  the  carotid  is  then  likely 
to  be  strained  or  overstretched  by  compression  against  the  lateral 
lobes  of  the  thyroid,  which  is  also  enlarged  in  pregnancy.  Carotid 
aneurisms  almost  always  originate  on  a  pathologic  or  arteriosclerotic 
base.  The  pure  traumatic  aneurisms  are  rare,  except  perhaps  as 
arteriovenous  aneurisms  resulting  chiefly  from  gunshot  wounds, 
but  even  in  these  circumstances  they  are  not  frequent,  at  least  among 
those  who  survive  the  injuries  of  the  battle-field.  Thus,  Kikuzi 
reports  only  one  common  carotid  and  two  external  carotid  aneurisms 
in  his  whole  collection  of  85  aneurisms  treated  in  the  Russo-Japanese 
war;  Saigo  mentions  no  carotid  aneurisms  in  his  table  of  36  cases. 

It  has  been  observed  at  all  ages,  but  it  is  usually  a  disease  of 
advanced  adult  life  (forty  to  fifty  years). 

Aneurisms  may  develop  in  any  part  of  the  course  of  either  carotid, 
but  the  favorite  localities  or  points  of  election  are:  at  the  origin, 
on  the  right  side,  where  the  carotid  is  given  off  from  the  innominate; 
and  on  the  left,  where  it  arises  from  the  aortic  arch;  then  where  the 
artery  bifurcates  into  its  internal  and  external  branches.  Whether 
the  aneurisms  develop  with  greater  frequency  at  the  origin  of  the 
carotid  (Robert)  or  at  its  termination  (Hodgson)  is  of  no  great  conse- 
quence, but  what  is  really  important  is  that  the  aneurisms  which 
develop  at  these  two  extremes  are  fundamentally  different  in  their 
symptomatology,  clinical  history,  prognosis,  and,  above  all,  their 
treatment.  Statistically  speaking,  the  right  carotid  is  more  fre- 
quently the  seat  of  aneurism  than  the  left,  but  this  applies  only  to 
aneurisms  of  the  intrathoracic  portion,  and  even  here  it  is  possible 
that  innominate  aneurisms  may  have  been  included  with  those  of 
the  carotid  by  errors  of  diagnosis. 

Carotid  aneurisms  are  usually  of  small  size;  they  are  more  often 
ovoid  in  form,  their  long  axis  lying  parallel  to  that  of  the  vessel. 
They  usually  develop  from  below  upward.  In  only  two  cases  (Syme, 
Sorrentino)  do  the  sacs  appear  to  have  developed  from  above  down- 
ward, i.  e.,  from  the  neck  into  the  thorax.  It  is  also  very  exceptional 
to  see  a  carotid  aneurism  cross  the  median  line  to  the  opposite  side, 
and  in  only  two  cases  has  this  unusual  development  been  recorded 
(Dec6s  and  Sorrentino).  The  important  relations  of  the  artery  to  its 
surroundings  readily  account  for  the  pressure  signs  and  the  classic 
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modes  of  termination.  On  the  inner  side,  the  trachea,  larynx,  esopha- 
gus, and  pharynx  are  readily  compressed,  displaced,  obstructed,  and 
offer  good  opportunities  for  the  rupture  of  carotid  aneurisms.  The 
pneumogastric,  phrenic,  sympathetic,  laryngeal  recurrent,  branches 
of  the  brachial  and  cervical  plexuses,  and  the  internal  jugular  vein, 
all  become  intimately  blended  with  the  carotid  sheath  and  ultimately 
with  the  aneurismal  sac,  in  this  way  contributing  to  the  difficulties 
of  extirpation  or  even  ligation,  when  this  is  attempted  in  low  intra- 
thoracic aneurisms. 

Treatment — The  older  literature  of  the  last  century  shows  that 
the  methods  of  Valsalva  and  Tuffnell  have  cured  a  few  cases  (J.  L.- 
Petit,  Dupuytren,  Huker).  A  most  remarkable  case  of  this  kind 
is  mentioned  by  Ciniselli,  who  saw  a  patient  thirty-five  years  after 
he  had  been  cured  in  this  way  by  Solizolli.  The  patient  had  had  the 
fortitude  and  the  courage  to  remain  quietly  in  bed  eleven  months, 
during  which  he  ate  only  a  little  bread  and  a  few  swallows  of  broth. 
At  the  close  of  this  treatment  he  was  frightfully  emaciated.  The 
aneurism,  which  was  cured  at  the  cost  of  this  immense  physical 
sacrifice,  was  not  larger  than  a  small  nut.  Coagulating  injections, 
galvanopuncture,  malaxation,  direct  compression,  have  all  been 
tried,  and  have  all  contributed  to  increase  the  mortality  of  this  for- 
midable type  of  aneurism,  in  which  one  of  the  chief  dangers  lies  in 
the  tendency  to  the  fatal  liberation  of  emboli  and  thrombi  in  the 
brain.  Proximal  digital  compression,  with  the  finger  over  the  artery 
at  Chassaignac's  tubercle,  or  by  pinching  the  artery  through  the 
substance  of  the  sternomastoid  between  the  thumb  and  the  index- 
finger  (Rouge's  method),  has  been  applied  in  a  few  favorable  cases  of 
high  carotid  aneurism,  in  which  the  artery  can  be  compressed  below 
its  lower  pole.  The  statistics  of  this  method  are  particularly  unre- 
liable, as  it  is  impossible  to  estimate  the  number  of  times  in  which 
digital  compression  has  been  applied  and  failed,  the  few  successes 
alone  being  published.  Delbet  mentions  five  cases  in  which  he  knows 
that  this  method  has  been  systematically  applied  for  therapeutic 
purposes,  with  three  recoveries.  It  is  a  dangerous  method,  because 
all  methods  which  cause  intermittent  stasis  in  the  sac  favor  the 
liberation  of  emboli  which  lodge  in  the  brain. 

Operative  Methods. — The  methods  of  treatment  which  at  present 
claim  the  attention  of  the  profession  in  the  treatment  of  carotid 
aneurism  are:  (1)  the  proximal  ligature  (Anel),  whenever  there  is 
sufficient  space  between  the  origin  of  the  vessel  and  the  aneurism 
to  permit  of  its  application;  (2)  distal  or  peripheral  ligation  (Brasdor) 
in  low  intrathoracic  non-pedunculated  aneurisms;  (3)  incision  with 
double  ligature  ( Antyllus) ;  (4)  extirpation  (Philagrius) ;  (5)  Halsted's 
method  of  gradual  obliteration  with  metallic  bands,  or  their  modifi- 
cations by  Matas,  and  (6)  endo-aneurismorrhaphy  in  any  one  of  its 
three  forms.  The  selection  of  the  method  will  depend,  at  least, 
upon  three  conditions:  (1)  The  topography  of  the  aneurism,  whether 
intrathoracic  or  cervical,  whether  on  the  right  side  the  innominate  is 
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involved  with  the  carotid  down  to  the  aorta  or  not,  and  whether, 
on  the  left  side,  the  aorta  participates  in  the  carotid  enlargement; 
(2)  upon  the  effect  that  the  method  selected  will  have  upon  the 
circulation  of  the  brain;  (3)  the  effect  it  will  have  upon  the  peri- 
aneurismal  adherent  structures.  From  the  beginning  of  carotid 
surgery  to  the  present  time  the  dread  of  cerebral  disturbances  has 
invested  the  technically  simple  operation  of  ligating  the  common 
carotid  artery  with  a  gravity  and  anxiety  that  are  associated  with 
few  other  ligations.  A  mere  glance  at  the  surgical  history  of  this 
vessel  will  show  how  thoroughly  justified  surgeons  have  been  in  their 
fears,  and  why  every  effort  has  been  made  to  limit  and  circumscribe 
the  indications  for  its  performance  to  the  strictest  minimum,  always 
preferring  to  ligate  the  external  carotid  whenever  the  desired  results 
can  be  accomplished  by  the  obliteration  of  this  relatively  innocent 
branch. 

The  first  records  are  associated  with  the  names  of  Hebenstreit  and  Fleming, 
1803,  who  ligated  the  artery  successfully  for  hemorrhage,  the  first  while  extirpating 
a  cancerous  growth,  and  the  second  in  a  case  of  cut-throat.  Abernethy,  who  is 
usually  credited  with  the  first  ligation,  operated  in  1804  for  hemorrhage,  also  with 
success.  In  1805  Sir  Astley  Cooper  ligated  the  common  carotid  for  the  first  time 
for  aneurism,  the  patient  succumbing  from  hemiplegia  on  the  twenty-first  day.  He 
repeated  the  operation  in  1808  for  aneurism,  dividing  the  artery  between  two  liga- 
tures.    The  aneurism  was  cured  and  the  patient  recovered. 

The  relative  frequency  with  which  these  cerebral  disturbances 
occur  was:  32  per  cent.,  of  which  56  per  cent,  died  (Pilz,  1867); 
54.5  had  cerebral  symptoms,  of  which  39  per  cent,  died  (Le  Fort, 
1868);  25  per  cent.  (Reiss,  1885);  20  per  cent.  (Wyeth,  1878);  26  per 
cent.,  with  31  per  cent,  deaths  (Zimmermann,  1885-91);  Kraneophul 
(1901)  noted  cerebral  disturbances  in  23.9  per  cent.;  Schirner  (1906), 
10.3  per  cent.;  Lebram  (1906),  24.5  per  cent.,  of  which  7.1  per  cent, 
developed  hemiplegia,  and  17.4  per  cent,  other  cerebral  disturbances 
apart  from  hemiplegia.  After  subtracting  all  the  complications 
which  are  avoidable  by  asepsis  and  modern  technic,  we  must  admit 
that  the  occlusion  of  the  common  carotid  still  remains  a  dangerous 
procedure,  which  we  may  estimate  at  one-fifth  of  the  cases  with 
Delbet,  or  25  per  cent.,  with  the  latest  estimate  of  Jordan  (Heidelberg, 
1907),  in  which  no  less  than  10  per  cent.  died.  How  long  after 
suspension  of  brain  function  by  acute  ischemia  following  a  ligation 
this  function  can  be  restored  is  still  uncertain.  Wernicke  holds  that 
the  actual  disintegration  of  the  nervous  elements  begins  thirty-six 
to  forty-eight  hours  after  the  arrest  of  the  blood-supply.  Bernhardt 
expresses  himself  similarly,  stating  that  absolute  tissue  necrosis 
may  be  arrested  if  the  collateral  circulation  is  established  within 
twenty-four  or  forty-eight  hours.  Marchand  regards  the  time  allowed 
for  restoration  of  function  as  considerably  shorter,  especially  as  far 
as  the  gray  matter  of  the  cortex  and  central  ganglia  are  concerned. 

All  conditions  which  delay  or  inhibit  the  development  of  the 
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carotid  circulation  favor  the  occurrence  of  cerebral  complications. 
The  greatest  impediment  in  the  way  of  prompt  development  of  the 
collateral  circulation  is  arteriosclerosis.  Hence,  the  great  danger  of 
this  ligature  after  the  fortieth  year,  as  recognized  by  all  experienced 
operators.  In  addition  to  arteriosclerosis,  the  following  conditions 
may  interfere  with  the  development  of  the  collateral  circulation: 

(1)  Congenital  anomalies  of  the  circle  of  Willis,  and  absence  of  some 
of  the  vessels  of  the  brain  and  head,  in  24  per  cent,  of  the  cases. 

(2)  Functional  and  organic  diseases  of  the  heart  (valvular  heart 
lesions  in  2.6  per  cent,  of  all  fatal  cases).  (3)  Thrombosis  in  the 
ligated  vessels,  extending  to  the  brain.  (4)  Emboli,  which  block 
the  circle  of  Willis;  these  may  be  displaced  from  the  sac  of  a  coagulat- 
ing aneurism.  The  essential  cause  of  the  cerebral  phenomena  is 
ischemia,  followed  by  degenerative  changes. 

To  avoid  the  evil  effects  of  cerebral  ischemia,  especially  in  aged 
patients,  temporary  occlusion  of  the  carotid  should  be  tried  before 
attempting  an  irremediable  ligation  or  extirpation  of  the  diseased 
artery.  This  is  the  teaching  of  Hals  ted  (1905),  Jordan,  of  Heidelberg 
(1907),  based  upon  their  own  experience  and  upon  the  evidence  of 
toleration  of  the  carotid  for  provisional  constriction  furnished  by 
Singer,  Reiss,  and  especially  Crile  (1901),  who  showed  that  the 
common  carotid  may  be  clamped  for  forty-eight  hours  without  per- 
manently damaging  the  artery  or  causing  thrombosis.  Adopting 
Halsted's  suggestion  of  utilizing  aluminum  bands  for  this  purpose, 
I  resected  the  entire  common  carotid  and  its  branches  beyond  the 
bifurcation,  without  complications,  in  the  extirpation  of  a  recurrent 
carcinoma  of  the  neck,  after  trying  provisional  compression  forty- 
eight  hours  before  attempting  the  radical  operation.  As  no  cerebral 
symptoms  developed,  the  operation  was  performed  with  greater 
confidence  in  the  result;  though  it  must  not  be  forgotten  that  cerebral 
symptoms  and  death  may  occur  one  or  two  weeks  after  the  ligation. 
Usually,  however,  a  defective  circulation  is  indicated  by  the  prompt, 
if  not  immediate,  appearance  of  symptoms  after  the  provisional 
compression.  If  symptoms  develop,  the  constricting  band  can  be 
promptly  removed  by  cutting  through  the  band  or  by  removing  the 
little  clip  which  holds  the  end  of  the  band  together.  The  preliminary 
"test  constriction"  may  be  applied  with  the  help  of  local  anesthesia 
(Schleich  solution,  No.  1  or  2).  It  is  important,  in  fact,  that  this 
preliminary  test  should  always  be  made  with  local  anesthesia,  in 
order  to  obtain  prompt  information  of  the  cerebral  effects  of  the 
carotid  occlusion.  The  constriction  should  be  made  just  tight  enough 
to  obliterate  the  lumen  of  the  vessel  without  injuring  the  intima. 

In  the  light  of  this  important  suggestion  the  entire  surgical 
treatment  of  the  carotid  must  now  be  revised.  In  future,  no  one 
will  be  justified  in  planning  a  deliberate  operation  for  the  cure  of 
aneurism  in  this  perilous  locality  without  first  testing  the  efficiency 
of  the  collateral  circulation.  In  all  aneurisms  in  which  the  upper  or 
cephalic  end  of  the  sac  is  at  all  accessible,  a  Halsted  or  Matas  band 
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should  be  rolled  around  the  artery,  or  at  least  around  the  internal 
carotid,  when  the  aneurism  involves  the  bifurcation.  If  no  symptoms 
develop,  the  ring  is  clamped  tight  enough  to  obliterate  the  lumen. 
If  the  aneurism  remains  active,  in  spite  of  this  distal  occlusion,  a 
proximal  ligature  should  be  applied  and  the  sac  extirpated,  if  it  is 
small,  but  in  large  sacs  with  universal  adhesions  to  important  organs, 
veins,  and  nerves,  the  sac  should  be  simply  incised  while  its  two  poles 
are  clamped,  evacuated  thoroughly,  and  obliterated  by  the  intra- 
saccular  suture  (Matas).  In  low-lying  aneurisms  involving  the 
intrathoracic  origin  of  the  carotids,  inoperable  in  a  radical  sense,  a 
Halsted  band  can  be  substituted  for  a  distal  ligature  on  the  Brasdor 
plan  with  a  view  of  relieving  the  symptoms  should  they  develop. 
In  sacciform  aneurisms  in  which  the  cardiac  end  of  the  aneurism  can 
be  controlled  for  hemostatic  purposes,  the  ideal  operation  is  a  restora- 
tive endo-aneurismorrhaphy,  by  which  the  sac  is  obliterated  without 
interfering  with  the  lumen  of  the  vessel.  The  reconstructive  opera- 
tion, which  aims  at  the  preservation  of  the  main  channel  of  the  circu- 
lation, is  indicated  in  those  cases  in  which  the  preliminary  occlusion 
test  shows  that  the  collaterals  are  inadequate.  However,  the  recon- 
struction of  the  carotids  out  of  a  fusiform  sac  is  fraught  with  risk 
from  embolism,  and  a  gradual  occlusion  with  Halsted's  aluminum 
band,  applied  to  the  cephalic  end  of  the  sac,  is  preferable.  If  the 
sac  remains  active  after  this  distal  obliteration  of  the  artery,  then 
an  obliterative  endo-aneurismorrhaphy  would  be  in  order  in  preference 
to  extirpation,  for  the  reasons  previously  given. 

Delbet  estimates  the  mortality  of  the  distal  ligature,  in  otherwise 
inoperable  intrathoracic  carotid  aneurisms,  at  45.1  per  cent.;  the 
proximal  ligature  on  the  Anel  plan,  in  the  modern  period,  and  in  a 
comparatively  small  group  of  cases,  is  followed  by  a  mortality  of  no 
less  than  12  per  cent.  The  mortality,  which,  in  both  instances,  is 
attributable  to  a  considerable  extent  to  cerebral  complications,  should 
in  future  be  very  much  diminished  by  the  general  adoption  of  the 
preliminary  test  on  the  Halsted  and  Jordan  plans. 

Extirpation. — The  statistics  of  the  extirpation  of  carotid  aneurisms 
are  all  of  comparatively  recent  date,  and  much  more  favorable  than 
those  of  either  the  Anel  or  Hunterian  ligations.  It  is,  however, 
unfair  to  institute  a  comparison  between  ligation  and  extirpation 
in  the  aseptic  period,  since  the  number  of  extirpations  is  entirely  too 
small  to  permit  of  a  just  estimate  of  its  merits.  Delore  (Lyons, 
Revue  de  Chir.,  January  10,  1907)  has  recently  tabulated  ten  cases 
of  extirpation  of  carotid  aneurisms,  which  have  been  recorded  since 
Morris'  first  operation  (Morris;  Delagentere,  1896;  Inouye;  Karewski, 
1891;  Walsham,  1899;  La  Torre,  1898;  Tuffier,  1903;  Mendes,  1905; 
Delorme,  1906).  All  these  recovered  except  Tuffier's  case.  Delore, 
on  this  basis,  estimates  a  mortality  of  10  per  cent.;  but  without  any 
extensive  research  into  the  literature,  I  know  of  at  least  2  cases  in 
which  carotid  aneurisms  were  extirpated  with  fatal  results,  and 
no  doubt  a  good  many  more  could  be  quoted  which  ended  unfavor- 
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ably,  but  have  not  found  their  way  into  print.  In  the  presence  of 
cerebral  complications,  from  the  mere  fact  of  carotid  occlusion,  all 
obliterative  measures  must  yield  in  adult  subjects  a  mortality  of 
not  less  than  20  per  cent. ;  in  exceptionally  favorable  groups,  possibly 
10  per  cent.  Apart  from  this,  extirpation  has  the  advantage  over 
the  proximal  ligature,  which  leaves  the  distal  (cephalic  end)  open, 
in  being  less  subject  to  embolism.  It  is  also  less  liable  to  the  danger 
of  secondary  suppurative  infection  in  the  sac  itself,  a  common  occur- 
rence after  the  ligature,  especially  in  the  preantiseptic  days,  the 
infection  spreading  from  the  infected  ligature  to  the  sac.  It  is  also 
superior  in  the  permanency  of  cure,  since  relapse  is  impossible  after 
the  extirpation  of  the  sac.  On  the  other  hand,  extirpation  involves 
very  severe  traumatisms,  especially  in  old  and  large  sacs,  in  which 
the  pneumogastric,  sympathetic,  recurrent  laryngeal,  and  other 
important  structures  are  likely  to  be  injured.  For  this  reason,  in 
large  aneurisms,  incision  and  obliteration  by  the  intrasaccular  suture 
method  is  a  much  simpler  and  safer  procedure,  and  is  certain  to  be 
followed  by  less  shock  and  other  dangers  than  either  the  old  Antyllian 
operation  or  that  of  extirpation. 

In  connection  with  the  extirpation  of  carotid  aneurisms  and  the  possible  injury 
of  the  internal  jugular  vein  high  up  in  the  neck,  Rasanoff's  recent  suggestion  in  con- 
nection with  the  arrest  of  hemorrhage  of  this  vessel  by  temporarily  ligating  the 
common  carotid  is  of  decided  value.  In  the  case  of  a  soldier,  whose  internal  jugular 
had  been  cut  by  a  stab  in  the  left  side  of  the  neck,  he  was  able  to  arrest  an  im- 
mense hemorrhage  by  merely  constricting  the  common  carotid  in  a  provisional  liga- 
ture. The  bleeding  stopped  at  once,  and  the  wounded  vein  was  found  and  secured 
in  a  comparatively  bloodless  field.  While  in  experiments  on  animals  the  simple 
ligature  of  the  common  carotid  will  not  stop  all  jugular  bleeding,  it  will  greatly 
diminish  it.  Rasanoff's  case  shows  that  the  temporary  compression  of  the  common 
carotid  will  act  as  an  efficient  hemostatic  in  difficult  hemorrhages  of  the  internal 
jugular,  in  which  provisional  hemostasia  is  absolutely  necessary  in  order  to  find  the 
bleeding  point. 

Internal  Carotid  Aneurisms.— The  aneurisms  of  the  internal 
carotid  present  very  different  characteristics  according  to  their 
location  whether  in — (a)  the  cranial  portion  of  the  artery  or  (6)  in 
its  extracranial  portion.  Hence  the  anatomic  and  clinical  division 
into  intracranial  and  extracranial  carotid  aneurisms. 

1.  The  study  of  the  intracranial  aneurism  is  closely  identified 
with  the  surgical  history  of  pulsating  exophthalmos,  which  is  the 
usual  external  manifestation  of  arteriovenous  aneurism  of  the  internal 
carotid  within  the  cavernous  sinus.  These  are  fully  described  in  the 
Surgery  of  the  Head  (Vol.  III.,  p.  132). 

2.  Extracranial  Aneurisms. — These  occur  in  the  internal  carotid 
from  its  origin  to  its  entrance  into  the  carotid  canal.  While  intra- 
cranial carotid  aneurisms  are  reported  with  comparative  frequency 
(113  in  1000  ligations,  Siegrist),  those  of  the  external  portion  are  of 
very  rare  occurrence,  and  are  seldom  reported.     Crisp  (1844)  mentions 
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only  two  cases  in  his  collection  of  551  aneurisms.  It  is  fortunate 
that  these  aneurisms  are  rare,  because  when  they  do  occur,  they  are 
very  often  mistaken  for  other  conditions  with  fatal  results;  thus,  in 
1 1  extracranial  aneurisms  collected  by  Werner,  only  6  were  correctly 
diagnosticated  before  treatment.  They  are  most  often  mistaken 
for  growths  projecting  into  the  fauces  or  for  tonsillar  abscesses. 
Duke  and  Dubreuil  also  incurred  the  same  error,  with  unfortunate 
results.  Still  rarer  are  the  aneurisms  of  the  vertebral  which  appear 
in  the  same  locality.  They  are  differentiated  by  compressing  the 
carotid  over  the  fifth  cervical  vertebra  (Chassaignac's  tubercle),  or 
by  pinching  the  vessel  laterally  through  the  sternomastoid  between 
the  thumb  and  index  (Rouge's  method).  If  the  aneurism  is  of  carotid 
origin,  it  will  shrink  and  stop  pulsating  while  the  compression  lasts. 
Aneurisms  arising  in  the  internal  carotid  tract  are  usually  readily 
explored  by  bimanual  or  combined  extrabuccal  and  intrabuccal 
digital  exploration. 

Etiologically,  these  aneurisms  may  be  divided  into  three  groups: 
(1)  Traumatic,  false  aneurisms;  (2)  erosion  aneurisms,  caused  by 
ulceration  of  the  internal  carotid  in  peritonsillar  and  retropharyngeal 
suppurations;  (3)  true  arteriosclerotic  or  so-called  spontaneous  aneu- 
risms. The  sheltered,  deep,  and  well-protected  position  of  the  inter- 
nal carotid  easily  accounts  for  the  rarity  of  traumatic  aneurisms.  On 
the  other  hand,  septic  inflammatory  processes  beginning  in  the  tonsil 
and  the  palate  are  the  most  frequent  cause  in  the  upper  half  of  this 
tract,  not  only  by  erosion  but  also  occasionally  by  accidental  punc- 
ture of  the  artery  made  by  the  surgeon  while  evacuating  tonsillar  and 
palatine  suppurations.  The  lower  third  of  the  artery  is  the  most  ex- 
posed to  external  trauma. 

Aneurisms  may  develop  in  any  part  of  the  artery,  but  the  favorite 
seat  of  the  spontaneous  variety  is  in  the  normal  bulbous  dilatation 
and  its  origin  at  the  bifurcation,  the  curve  formed  by  the  artery  at 
this  point  favoring  arteriosclerotic  processes  and  secondary  dilatations, 
as  in  other  parts  of  the  body  when  arteries  become  tortuous  or  curved 
in  their  course.  When  aneurisms  form  in  any  part  of  the  artery, 
they  meet  the  resistance  of  the  vertebral  column  posteriorly,  and 
consequently  developing  in  the  line  of  least  resistance,  expand  for- 
ward into  the  palatine,  tonsillar,  or  retropharyngeal  region;  or  extend 
lateralfy  between  the  mastoid  and  the  angle  of  the  jaw. 

In  the  treatment  of  these  aneurisms  the  same  risk  of  cerebral 
complications  which  attends  the  ligation  of  the  common  carotid  must 
be  reckoned  with,  hence  the  same  precautions  which  have  been 
recommended  in  discussing  the  treatment  of  common  carotid  aneur- 
isms apply  here  with  equal  force.  The  efficiency  of  endocranial  and 
cervical  collaterals  should  always  be  tested  as  a  preliminary  to  ligation 
by  a  period  of  preliminary  compression  with  a  small  clamp  or  modified 
Halsted  band.  In  low-lying  aneurisms  involving  the  origin  of  the 
vessel  the  band,  clamp,  or  ligature  should  be  applied  on  the  common 
carotid  at  the  seat  of  election,  that  is,  when  it  is  impossible  to  reach 
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the  internal  carotid  on  the  distal  side,  between  the  cranium  and  the 
sac.  In  aneurisms  which  leave  a  free  space  between  the  sac  and  the 
bifurcation  a  band  should  be  applied  on  the  vessel  above  the  bifurca- 
tion. If  cerebral  symptoms  develop,  the  band  or  clamp  should  be 
removed.  If  the  occlusion  is  well  tolerated,  the  band  should  remain, 
the  aseptic  pack  be  removed,  and  the  wound  be  closed. 

The  internal  carotid  was  first  ligated  by  Gurdon  Buck,  of  New 
York  (Amer.  Jour.  Med.  Sci.,  1850,  vol.  xxxi.)  simultaneously  with 
the  common  carotid,  for  a  wound  in  the  parotid  region.  Velpeau 
(M£d.  Op.,  vol.  ii.)  also  ligated  the  internal  carotid  and  the  external 
from  a  wound  in  the  neck.  Wood,  of  New  York  (1847),  also  ligated 
both  the  internal  and  common  carotid  for  aneurism  of  the  external 
carotid  (N.  Y.  Jour.  Med.,  1857).  Keith,  who  is  often  credited  with 
the  first  ligation,  tied  the  internal  carotid  for  a  hemorrhage  of  this 
vessel  caused  by  swallowing  a  pin  which  perforated  the  artery.  (For 
historic  references,  see  L.  Lefort,  Diet.  Dechambre,  article  "Carotid." 
According  to  the  latest  contributor  to  this  subject,  Bobbio  (II  Poli- 
clinico,  February,  1906,  vol.  xiii.,  C.),  the  common  trunk  has  been 
ligated  eleven  times  in  18  cases  of  aneurism  of  the  internal  carotid, 
with  six  recoveries.  In  all  acute  traumatisms  or  emergencies,  such 
as  in  accidental  puncture  of  the  carotid  while  opening  tonsillar  or 
pharyngeal  abscesses,  the  common  carotid  should  be  immediately 
exposed  and  provisionally  compressed  with  a  traction  loop  or  clamp, 
thus  controlling  the  bleeding,  while  a  search  is  made  for  the  bleeding 
point.  If  the  ligation  of  the  artery  at  the  seat  of  injury  is  impracti- 
cable, the  common  carotid  should  be  tied  together  with  the  external 
carotid,  and  the  superior  thyroid,  as  Wyeth  did  successfully  in  a  case  of 
aneurism  of  this  artery.  If  it  is  possible,  however,  the  ligature  should 
be  applied  on  the  internal  carotid  itself  at  a  distance  from  the  bifurca- 
tion in  order  to  help  the  collateral  circulation  as  much  as  possible 
through  the  external  carotid. 

In  relapsing  aneurisms  which  return  in  spite  of  the  ligation  of 
the  internal  carotid,  extirpation,  or  preferably  obliterative  endo- 
aneurismorrhaphy,  may  be  contemplated,  provided  it  is  possible  to 
to  secure  the  upper  as  well  as  the  lower  pole  of  the  sac  for  hemostatic 
purposes.  In  order  to  reach  the  sac  the  usual  technic  required  to 
extirpate  retropharyngeal  neoplasms  by  the  cervical  route  will  have 
to  be  adopted,  including  temporary  resection  of  the  lower  jaw  in 
order  to  give  free  access  to  the  upper  prevertebral  region.  There  is 
no  doubt  that  in  these  cases  endo-aneurismorrhaphy  limited  to  the 
suture  of  the-  orifices,  with  packing  of  the  cavity  in  irregular  large 
sacs,  will  be  safer  than  a  complete  extirpation,  which  might  involve 
the  lower  cranial  nerves  at  their  exit  from  the  cranium  and  the  bulb 
of  the  jugular  vein,  which,  in  this  locality,  is  a  formidable  bleeder 
and  difficult  to  control.  The  further  study  of  the  peculiarities  of 
internal  carotid  aneurisms  can  be  profitably  pursued  by  consulting 
Werner  (loc.  cit.);  Bobbio  and  Blauel  (Beitrag.  klin.  Chir.,  Bd. 
xxxix.,  Heft  3). 
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The  External  Carotid  Aneurisms. — Aneurisms  of  the  external 
carotid   are  even  less  frequent  than  those  of  the  internal  branch. 
Aneurisms  of  the  eight  individual  branches  of  the  external  carotid 
are,  however,  not  rare,  as  shown  by  the  considerable  literature  in 
the   Index  Catalogue  of  the  Surgeon   General's   Library   (first  and 
second  series).    The  external  carotid  was  first  ligated  for  a  nevus 
of  the  face  by  Wurtzer,  of  Bonn,  in  1841,  and  for  aneurism  by  Richard, 
of  Paris,  1855,  as  stated  by  Broca,  who  assisted  at  the  operation 
(Traits  des  anevrismes).     This  artery  had  been  ligated  for  trauma- 
tism by  other  surgeons  long  before,  viz.:     Bush,  of  Chatam,  England, 
1827;  Scott,  of  London,  as  a  preliminary  hemostatic  in  resecting  the 
upper  jaw,  1830;  and  also  by  Lizars,  of  Edinburgh,  for  the  same  purpose 
the  same  year.     Maisonneuve  ligated  the  external  carotid  ten  times 
for  various  purposes,  and  for  the  first  time  to  starve  a  malignant 
growth.     Delbet  collected   (1889-95)    11   cases  of  aneurisms  of  the 
external   carotid   treated   by   ligature    of   the   common   trunk,  with 
5  cures  and  3  deaths,  one  of  these  caused  by  embolism  of  the  Sylvian 
artery.     In  3  the  aneurism  persisted;  one  of  these  was  subsequently 
cured  by  extirpation  and  the  other  by  incision.    The  external  carotid 
was   ligated   only   once   for   aneurism   of   its  own   trunk;   secondary 
hemorrhage    occurred,    compelling    the    ligation    of    both    common 
carotids,  the  patient  dying  ultimately  from  pyemia.     It  is  evident, 
from   Delbet's  statistics,   that  the   methods  of  attacking  aneurisms 
of  this  artery  by  ligature  must  be  revised.     If  the  aneurism  involves 
the  origin  of  the  vessel  at  the  bifurcation  and  is  large,  obliterative 
endo-aneurismorrhaphy  should  be  performed,  preceded  by  provisional 
occlusion  of  the  common  carotid  with  a  clamp.     The  smaller  aneu- 
risms with  unimportant  relations  should  be  extirpated.     In  aneu- 
risms of  the  branches,  after  securing  temporary  hemostasis  by  clamping 
the  common  carotid,  the  sac  should  be  extirpated  if  small,  or  opened 
and  obliterated  by  the  intrasaccular  method  if  larger  and  adherent 
to  important  parts,  as  in  cases  in  which  the  tumor  lies  imbedded  in 
the  parotid  (temporo maxillary  aneurisms),  in  which  even  free  incision 
of  the  sac  may  involve  the  facial  nerve  and  the  salivary  ducts.     In 
a  traumatic   aneurism   of    the    parotid    region    Nuvoli    (quoted    by 
Delbet)  ligated  the  external  carotid,  superior  thyroid,  lingual,  facial, 
occipital,   and  temporal.     "After  this  veritable  orgie  of  ligatures," 
success  finally  crowned  the  operator's  efforts.     It  is  evident  that  in 
some  of  these  difficult  aneurisms,  awkwardly  placed  for  direct  or  radical 
intervention,  the  external  carotid  could  be  obliterated  as  a  whole 
by  injecting  paraffin  into  the  vessel  by  the  method  of  Dawbarn  and 
Wyeth,  which  is  equivalent  to  the  extirpation  of  the  external  carotid 
and  all  its  branches.     This  should  prove  more  efficient  and  thorough 
than  any  other  method  of  extirpation  of  the  parent  vessel,  apart  from 
the  obliteration  of  the  sac  itself.     For  the  literature  of  plugging  the 
external  carotid  with  paraffin,  see  Dawbarn's  Gross  prize  essay,  1903. 

In  1874  Madelung  tabulated  all  the  cases  of  ligation  of  the  external 
carotid,  in  which  he  records  32  deaths  in  a  total  of  130  cases  of  this 
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ligation,  13  of  which  were  bilateral.  At  present,  since  the  adoption  of 
modern  aseptic  methods,  it  would  be  impossible  to  tabulate  the 
statistics  of  external  carotid  ligations  so  as  adequately  to  represent 
the  actual  mortality.  While  the  ligation  in  itself  is  inherently  a  per- 
fectly safe  and  benign  procedure,  practically  devoid  of  all  risks  when 
infection  is  excluded,  it  is,  nevertheless,  liable  to  complications  and 
even  fatal  cerebral  disturbances  in  the  most  aseptic  cases  whenever 
the  ligature  is  placed  too  near  the  bifurcation.  When  this  is  done 
emboli  may  be  swept  through  the  internal  carotid  into  the  brain, 
giving  rise  to  hemiplegias,  as  has  happened  three  times  in  my  own 
practice,  including  65  ligations  for  the  starvation  of  malignant  growths, 
and  especially  for  prophylactic  hemostasis,  while  operating  on  tumors 
in  the  territory  of  the  artery. 

Subclavian  Aneurisms. — Aneurisms  of  the  subclavian  artery 
are  nearly  as  frequent  as  those  of  the  carotid.  Of  551  aneurisms 
in  general,  20  were  of  the  innominate,  23  of  the  subclavian,  and  25 
of  the  carotid.  Only  6  per  cent,  of  the  patients  were  women.  These 
aneurisms  are  more  frequent  on  the  right  side  (66  per  cent.)  in  120 
observations;  aneurisms  on  both  sides  were  observed  in  2  cases. 
The  spontaneous  or  idiopathic  are  6  times  more  frequent  than  the 
traumatic.  In  115  cases  studied  by  Souchon,  31  were  traumatic  and 
81  idiopathic  aneurisms.  Of  the  81  idiopathic  aneurisms,  57  were 
right  sided  and  24  left  sided. 

Aneurisms  of  the  third  division  are  far  more  frequent  than  those 
of  the  first  and  second.  The  aneurisms  of  the  first  division  in  17 
to  21.4  per  cent,  fuse  with  the  innominate  artery,  forming  subclavio- 
innominate  aneurisms.  The  symptomatology,  prognosis,  and  treat- 
ment of  this  artery  are  identical  with  those  of  the  aneurisms  of  the 
innominate  group.  In  another  and  more  frequent  variety,  in  the 
third  portion  of  the  subclavian,  they  blend  with  the  axillary  (sub- 
clavio-axillary  aneurism).  In  connection  with  three  aneurisms  of 
the  third  division,  cervical  ribs  have  been  reported  which  predisposed 
to  injury  of  the  artery.  Aneurisms  of  the  third  division  tend  to 
extend  downward  under  the  clavicle  toward  the  axilla.  Usually 
they  are  globular  in  shape  and  are  not  large,  but  sometimes  they 
may  attain  enormous  proportions.  In  a  classic  case  (Velpeau)  the 
aneurism  filled  the  axilla,  the  entire  supraclavicular  fossa,  and  the 
right  half  of  the  neck,  extending  up  as  high  as  the  angle  of  the  jaw 
and  backward  beyond  the  tips  of  the  transverse  processes. 

The  symptomatology  and  diagnosis  are  made  easy  by  the  study 
of  the  anatomic  relations  of  the  artery.  Pressure  phenomena  are 
shown  conspicuously  in  the  dilated  veins,  dusky  and  livid  skin,  edema 
of  the  neck  and  arm,  neuralgias  of  the  neck  and  arm,  gradually 
followed  by  paresis  or  paralysis,  in  this  way  resembling  the  clinical 
features  of  axillary  aneurisms. 

Prognosis. — Subclavian  aneurisms  do  not  tend  to  spontaneous 
recovery.  Poland  has  recorded  4,  Poinsot,  8,  and  Wyeth,  11  cases 
cured  without  operation.    The  course  of  the  disease,  untrammeled 
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by  surgical  treatment,  was  studied  by  Poinsot  in  11  cases.  In  one 
the  aneurism  lasted  eight  years;  in  another,  two  years  and  eight 
months.  The  remaining  9  succumbed  within  a  period  varying  from 
five  months  to  two  years.  The  tendency  is  constantly  toward  rup- 
ture, which  usually  takes  place  externally,  though  it  may  occur  into 
the  trachea,  bronchus,  or  pleura. 

Treatment. — Every  imaginable  remedy  ever  suggested  for  the 
cure  of  aneurisms  in  general  has  been  tried  in  the  treatment  of  the 
subclavian  variety;  all  the  non-surgical  methods  recommended 
for  the  cure  of  inoperable  aortic  and  innominate  aneurisms  may  be 
tried  in  the  advanced  cases  involving  the  first  and  second  divisions 
except  coagulating  injections,  malaxation,  electropuncture,  and 
wiring  (Moore  method),  which  have  proved  worse  than  useless. 
Suffice  it  to  say  that  non-operative  methods  of  treatment,  though 
occasionally  successful,  have  failed  to  diminish  seriously  the  mor- 
tality of  the  disease. 

Operative  Treatment. — No  less  than  18  different  procedures  have 
been  adopted  by  the  130  or  more  operators.  These  may  be  divided 
in  6  fundamental  groups:  First,  direct  incision  into  the  sac,  with 
digital  plugging  of  the  orifices  and  ligation  of  the  poles  of  the 
sac  (Syme,  1860).  Second,  disarticulation  at  the  shoulder-joint 
(Spencer,  1864).  Third,  ligature.  Fourth,  extirpation  (King,  1890). 
Fifth,  aneurismorrhaphy  (Matas).  Sixth,  gradual  obliteration  of 
the  artery  on  the  proximal  side  with  Halsted's  aluminum  band 
(1905). 

The  subclavian  has  been  ligated  for  aneurism  in  16  different  ways, 
which  are  grouped  by  Jacobstahl  as  follows:  (a)  Distal  ligations: 
(1)  Axillary  (Dupuytren,  1829);  (2)  carotid  (Butcher,  1863);  (3) 
axillary  and  carotid  (Lloyd,  1888);  (4)  third  division  of  subclavian 
(Poland,  1864).  (b)  Proximal  ligations:  (5)  third  division  of  subclavian 
(Colles,  1813);  (6)  second  division  of  subclavian  (Liston,  1820); 
(7)  first  division  of  subclavian  (Arendt,  1826);  (8)  first  division  sub- 
clavian and  carotid  (Liston,  1838);  (9)  first  division  of  subclavian, 
common  carotid,  and  vertebral  (Parker,  1863);  (10)  innominate 
artery  (Valentine  Mott,  1818);  (11)  innominate  and  carotid  (V.  Mott, 
1863);  (12)  innominate,  carotid,  and  subclavian  (Willet,  1893); 
(13)  innominate,  carotid,  and,  subsequently,  first  portion  of  sub- 
clavian (Banks,  1885);  (14)  innominate,  carotid,  and  vertebral  (Bull, 
1894);  (15)  innominate  and  carotid,  later  vertebral  and  internal 
mammary  (A.  Smyth,  1864).  (c)  Proximal  and  distal  ligations:  (16) 
First  portion  of  subclavian  and  axillary  (Clutton,  1896).  The  results 
obtained  by  these  different  procedures,  except  the  more  recent 
suggestions  of  Halsted  (gradual  obliteration  by  aluminum  bands) 
and  that  of  Matas  (endo-aneurismorrhaphy),  have  been  admirably 
summarized  by  Jacobstahl.  He  collected  21  new  cases  operated 
upon  since  1890,  which  were  not  mentioned  in  previous  communica- 
tions. In  his  analysis  he  only  considers  operations  performed  for 
pathologic  aneurisms.     In  order  to  appreciate  the  influence  of  asepsis 


ANEURISM  OP  THE  SUBCLAVIAN.  329 

he  divides  them  into  two  groups,  f.  e.,  cases  operated  before  1890; 
and  the  other  from  1890  to  1903. 

Results  of  the  operative  treatment  up  to  1890:  75  cases:  55  deaths  = 
73  per  cent,  mortality.  Since  1890,  25  cases:  4  deaths  =16  per  cent, 
mortality.  Favorable  results,  improvement,  and  relief:  up  to  1890, 
75  cases:   17  improvements  =  22.7  per  cent.     Since  1890,  24  cases: 

17  improvements  =  70.8  per  cent.;  reported  cures,  before  1890:  7  in 
75  cases=9.3  per  cent.;  since  1890,  12  in  24  cases  =  50  per  cent. 
Permanent  cures,  established  by  long  observation,  before  1890: 
1  in  75  cases  =1.3  per  cent.  Since  1890,  5  (all  extirpations)  in  24 
cases  =  20.8  per  cent. 

Oberst,  writing  about  the  same  time  (1903-04),  arrived  practically 
at  the  same  conclusions,  viz.,  that  the  operative  mortality  of  sub- 
clavian aneurisms  had  dropped  during  the  aseptic  period  from  nearly 
80  to  22  per  cent.  Savariaud,  at  a  later  date,  compiled  the  cases 
during  the  modern  period  from  1884-94,  and  concludes  that  the 
mortality  has  been  reduced  from  nearly  80  per  cent,  to  less  than 

18  per  cent.,  and  that  in  22  cases  of  ligation  or  extirpation  outside 
of  the  scalene  muscles,  there  were  only  two  deaths — 9.2  per  cent, 
mortality.  In  6  extirpations  of  aneurisms  of  the  third  division 
there  are  no  deaths. 

In  regard  to  the  life  of  the  limb,  a  notable  improvement  also  is 
noticed,  though  it  is  a  fact  that  even  in  the  septic  period  gangrene 
of  the  upper  extremity  was  comparatively  rare  after  ligature  of  the 
subclavian  for  aneurism.  In  39  proximal  ligations  of  the  subclavian 
for  aneurism  there  were  3  fatal  gangrenes  of  the  arm  and  4  of  the 
hand.  On  the  other  hand,  in  Savariaud's  57  cases  operated  on 
since  1885  there  were  no  gangrenes.  According  to  von  Bergmann 
(1877),  90  ligations  of  the  subclavian  artery  on  account  of  gunshot 
wounds  escaped  gangrene,  except  in  a  few  fingers,  yet  the  mortality 
was  very  high — 70.6  per  cent.,  chiefly  on  account  of  secondary  hemor- 
rhage and  sepsis.  Matas,  reporting  his  experience  with  arteriovenous 
aneurisms  of  the  subclavian  vessels  (Jour.  Amer.  Med.  Assn.,  January 
11,  1902),  collected  18  cases  from  literature  and  summarized  the 
liability  of  the  limb  to  gangrene  as  follows:  arteriovenous  injuries, 
including  ligation  of  both  vessels,  13.5  per  cent;  after  ligation  of 
the  subclavian  artery  alone,  third  division,  1.7  per  cent.,  showing  that 
in  regard  to  gangrene  the  ligation  of  the  subclavian  in  its  third  division, 
at  least,  is  less  dangerous  than  that  of  the  axillary,  which  in  the 
preantiseptic  period  was  followed  by  26.8  per  cent.  (Le  Fort,  1867). 
Marichal  reports  10  cases  of  extirpation  of  the  sac,  with  9  cures. 
The  tenth  case  might  be  claimed  a  success,  as  the  cause  of  death 
was  not  attributable  to  the  method  of  treatment.  No  gangrenes 
are  reported  in  this  group.  It  is  evident  that  in  regard  to  the  mor- 
tality, asepsis  has  worked  a  miracle  in  this  at  one  time  deadly  field. 

Savariaud,  whose  views  and  conclusions  may  be  regarded  as  fully 
representing  not  only  the  French,  but  the  modern  continental  attitude 
toward  this  group  of  aneurisms,  concludes:     (1)  That  for  practical 
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purposes  aneurisms  of  the  subclavian  artery  must  be  divided  into 
two  groups:  (1)  extrascalenic;  (2)  mixed  intrascalenic  and  extra- 
scalenic  aneurisms.  The  former  are  essentially  surgical,  calling  for 
extirpation  or  ligation  applied  as  close  as  possible  to  the  aneurism. 
The  two  methods,  proximal  ligature  next  to  the  sac  (Anel)  and 
extirpation,  are  here  of  equal  value.  The  ligature  is  to  be  tried  first, 
followed  by  extirpation,  if  this  is  found  to  be  at  all  practicable.  In 
the  second  group  the  danger  of  the  proximal  ligation  increases  with 
the  proximity  of  this  to  the  heart.  It  is  best  to  refrain  from  it  as 
an  initial  measure,  resorting  to  distal  ligation  on  the  Brasdor  plan 
(see  Innominate  Aneurisms,  Guinard's  procedure),  in  which  the 
immediate  mortality  is  practically  nil,  and  the  end  results  are  fre- 
quently remarkable.  In  the  event  of  failure  or  relapse,  other  more 
radical  or  uncertain  methods  may  be  considered. 

Thus  far  the  methods  of  ligation  and  extirpation  have  been 
considered.  There  is  evidence,  however,  to  show  that  in  all  cases 
in  which  a  bloodless  field  can  be  obtained  by  proximal  control  of  the 
vessels  the  equally  radical,  but  more  benign  and  simple,  procedure, 
of  intrasaccular  suture,  is  applicable  with  equal  if  not  greater  advan- 
tage. As  the  majority  of  the  subclavian  aneurisms  are  of  the  fusi- 
form type,  it  is  probable  that  only  the  obliterative  method  will  be 
applicable  in  the  majority  of  cases. 

Thus  far  I  have  records  of  three  cases  of  aneurisms  of  the  sub- 
clavian tract  operated  upon  by  this  method,  followed  in  all  by  the 
cure  of  the  aneurism  and  the  complete  preservation  of  the  extremity. 

The  first  is  an  atypical  operation,  reported  by  Parham  (Trans. 
Southern  Surg,  and  Gynecol.  Assn.,  1906).  The  subclavian  was 
ligated  just  within  the  scaleni.  Temporary  arrest  of  pulsation 
occurred ;  but  an  incision  into  the  sac  was  followed  by  a  severe  hemor- 
rhage, which  was  controlled  solely  by  the  suture  of  the  proximal 
opening  within  the  sac,  the  distal  end  of  the  sac  being  ligated  sub- 
sequently. The  other  two  cases  (Lozano  and  Munro)  were  typical 
endo-aneurismorrhaphies  in  subclavio-axillary  aneurisms,  in  which 
the  sac  bulged  above  and  below  the  clavicle.  Provisional  control 
of  the  circulation  was  obtained  by  a  traction  loop  thrown  around 
the  subclavian  at  its  exit  from  the  scalenes.  In  both  cases  the  recov- 
eries were  perfect  and  uneventful  (Lozano  and  J.  C.  Munro,  Boston, 
personal  communication,  December  2,  1907). 

The  advantage  of  the  intrasaccular  suture  and  obliteration  of 
aneurisms  over  extirpation  is  the  protection  of  important,  if  not 
vital  parts  and  organs  in  immediate  contact  with  the  sac.  The 
condition  for  a  successful  endo-aneurismorrhaphy  is,  however,  a  dry 
field,  which  can  be  obtained  only  by  absolute  control  of  the  main 
trunk  on  the  proximal  side.  In  aneurisms  of  the  third  division, 
clamping  the  upper  and  lower  poles  of  the  sac,  outside  of  the  scalenes, 
will  probably  offer  sufficient  security,  but  in  aneurisms  of  the  first 
and  second  divisions,  the  innominate  would  have  to  be  controlled  on 
the  right  side,  and  in  advanced  and  complicated  aneurisms,  in  weak 
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subjects,  this  alone  would  be  a  most  serious  problem.  The  future 
success  of  the  radical  operation  by  this  or  other  methods  will  depend 
upon  an  early  diagnosis,  which  at  the  present  time  should  be  made 
at  a  comparatively  early  stage,  with  the  aid  of  radiography,  even 
when  the  intrathoracic  portion  of  the  artery  is  involved. 

In  the  mean  time  Halsted's  suggestion  (1905)  to  obliterate  the 
main  trunks  by  gradual  occlusion  with  aluminum  bands  is  well 
worthy  of  thorough  trial  in  this  particularly  difficult  and  dangerous 
group  of  subclavian  aneurisms  (Jour.  Exper.  Med.,  March  1,  1909). 

Axillary  Aneurisms.— These  constitute  3  per  cent,  of  all  arterial 
aneurisms.  It  is  essentially  a  male  disease— 4  women  in  69  cases 
(Koch).  The  age  is  from  thirty  to  forty  years;  no  spontaneous 
aneurisms  of  this  region  occur  below  twenty  years  of  age  (Koch). 

Etiology. — Axillary  aneurisms  are  frequently  of  traumatic  origin. 
The  artery  is  often  wounded  by  bullets,  stabs,  falls,  and  violent 
efforts  at  the  reduction  of  old  shoulder  dislocations.  Often  the 
traumatism  is  insignificant;  e.  g.,  the  pressure  of  crutches  in  old  arterio- 
sclerotic subjects. 

Pathologic  Anatomy. — Axillary  aneurisms  usually  originate  in 
the  parent  trunk,  but  they  may  also  develop  in  its  branches,  sub- 
scapular, circumflex,  etc.  It  is  interesting,  as  Delbet  observes,  to 
remember  this,  because  if  the  classic  ligation  of  the  third  division  of 
the  subclavian  is  applied  in  an  axillary  aneurism,  the  treatment 
will  be  more  than  useless,  as  the  aneurisms  originate  in  the  collaterals, 
where  they  are  aggravated  by  the  ligation  of  the  main  trunk.  Axillary 
aneurisms  may  encroach  upon  the  subclavian,  lifting  up  the  clavicle, 
and  filling  the  supraclavicular  space.  They  are  then  properly  classed 
as  subclavio-axillary  aneurisms,  and  should  be  treated  as  such.  They 
often  occupy  the  upper  or  lower  part  of  the  axillary  space,  but  rarely 
begin  in  the  middle  division  of  this  artery.  In  growing,  they  first 
displace  and  then  compress  the  brachial  plexus,  causing  intolerable 
pain  in  the  arm  and  shoulder,  the  pain  being  associated  and  followed 
by  paresis  or  even  complete  paralysis  of  the  limb.  Edema  and 
cyanosis  of  the  arm  also  result  from  compression  of  the  vein,  which 
blends  with  and  finally  becomes  incorporated  into  the  sac.  Usually, 
these  aneurisms  grow  quickly  and  attain  large  size.  They  erode 
the  ribs  and  clavicle,  and  sometimes  rupture  into  the  pleura.  The 
artery  may  be  obliterated  by  the  progress  of  the  aneurism,  and  in 
this  way  an  axillary  aneurism  may  be  cured  spontaneously. 

It  is  only  in  exceptional  instances  that  aneurisms  in  this  region 
have  remained  indolent  and  stationary.  In  one  case  the  tumor 
remained  tranquil  for  ten  years,  and  in  another,  sixteen  years.  But 
they  usually  rupture  early  either  into  the  connective  tissue  of  the 
axilla,  externally  through  the  skin,  or  into  the  thorax. 

The  symptomatology  and  diagnosis  of  these  aneurisms  are  usually 
clearly  interpreted  in  the  light  of  their  anatomic  relations.  Pain 
and  paresis  or  paralysis,  which  come  on  early,  are  dominant  features 
throughout  the  entire  course  of  the  disease.     At  the  present  time, 
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when  direct  methods  of  intervention  are  the  rule,  the  differentiation 
of  aneurisms  of  the  main  trunk  and  of  its  branches  has  lost  much 
of  its  importance.  However,  when  the  pulse  remains  unaffected, 
either  in  volume  or  rhythm,  when  an  aneurism  is  known  to  exist  in 
the  corresponding  axilla,  the  probability  that  that  aneurism  involves 
a  branch  and  not  the  main  trunk  should  be  remembered. 

The  treatment  of  aneurisms  of  this  region  was  at  one  time  divided 
into:  (1)  Dietetic  and  medicinal;  (2)  direct  and  indirect  compression; 
(3)  proximal  and  distal  ligation;  (4)  Antyllus,  the  old  operation, 
and  its  modification  by  Syme;  (5)  extirpation;  and  (6)  intrasaccular 
suture,  which  may  be  applied  in  any  one  of  its  three  varieties.  At 
present  the  relative  safety  of  modern  asepsis  and  improved  hemostatic 
resources  have  made  the  operative  treatment  the  first  and  not  the 
last  mode  of  attack.  Furthermore,  the  comparative  ease  with  which 
these  aneurisms  can  be  reached  by  open  methods  has  discouraged — 
and  very  justly — a  prolonged  trial  of  the  dietetic  and  medicinal 
treatment,  except  in  a  few  and  very  exceptional  cases,  in  which  any 
operation  is  contraindicated.  The  ligature,  which  was  usually 
applied  on  the  proximal  side,  preferably  on  the  third  division  of  the 
subclavian,  was  associated  with  a  fearful  mortality  in  the  preanti- 
septic  period  (45  per  cent,  to  34  per  cent.).  It  is  the  same  story  all 
over — secondary  hemorrhage,  suppuration  in  the  sac,  gangrene, 
and  septic  complications,  which  here,  as  elsewhere,  followed  in  the 
wake  of  the  septic  ligature.  All  this  has  disappeared  since  asepsis, 
though  the  risk  of  gangrene  following  acute  traumatisms  has  not 
been  altogether  eliminated.  This  is  particularly  true  when  the 
vessels  are  injured  in  shoulder-joint  dislocations.  According  to 
Stimson,  Korte,  G.  Schmidt,  Nemenoff,  and  Hessmann,  the  central 
ligature  of  the  subclavian  and  axillary  has  been  followed  by  peri- 
pheral gangrene  in  16  per  cent,  of  these  cases.  In  40  cases  compiled 
by  E.  Wolff  (1908),  25  per  cent,  of  necroses  occurred,  and  are  to  be 
expected  when  the  axillary  artery  is  ligated  at  the  seat  of  injury  or 
in  its  immediate  vicinity.  This  great  difference  between  the  effects 
of  ligation  in  acute  traumatic  injuries  and  in  idiopathic  aneurisms 
is  attributable  to  the  large  extravasations  which  infiltrate  and  choke 
up  the  limb. 

Though  the  ligature  has  become  a  benign  procedure  at  the  present 
time,  the  objections  to  its  application  in  the  treatment  of  axillary 
aneurisms  are:  (1)  Frequent  failure  to  cure;  (2)  liability  to  relapse; 
(3)  frequent  persistence  of  a  hard  tumor  (organized  clot)  after  apparent 
cure;  (4)  possible  obstruction  of  peripheral  branches  by  migratory 
emboli  or  propagated  thrombus.  Therefore,  the  method  of  extir- 
pation is  preferable,  but,  on  the  other  hand,  extirpation  is  also  objec- 
tionable, because  it  inflicts  dangerous  trauma,  injures  important 
collaterals,  and  is  likely  to  damage  the  branches  of  the  brachial 
plexus  and  the  axillary  veins,  which  are  so  frequently  amalgamated 
with  the  sac.  Endo-aneurismorrhaphy  after  preliminary  compression 
of  the  artery  above  and  below  the  sac  with  padded  clamps  will  permit 
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the  obliteration  of  the  main  orifices  and  of  the  sac  itself  with  a  minimum 
of  trauma.  In  a  case  reported  by  Ingels,  of  Jetmore,  Kansas,  Nov- 
ember 1,  1906,  he  was  able  not  only  to  obliterate  a  very  large  axillary 
aneurism,  but  to  restore  the  main  trunk  as  well.  The  aneurism  was 
of  pathologic  origin  in  a  man  aged  forty-three.  He  controlled  the 
circulation  with  a  loop  ligature  thrown  provisionally  around  the 
third  portion  of  the  subclavian.  He  used  iodin  gut  to  reconstruct 
the  artery  over  a  guide,  and  obliterated  the  sac  with  superimposed 
sutures  of  chromic  catgut  without  drainage.  The  patient  recovered 
uneventfully  and  was  perfectly  well  two  months  after  the  operation. 

Aneurisms  of  the  Iliac  Group.— These  may  be  divided  into  two 
distinct  surgical  groups:  (1)  Aneurisms  of  the  outer  (external)  iliac 
tract;  (2)  aneurisms  of  the  inner  (internal)  iliac  or  hypogastric  artery 
and  its  branches. 

I.  The  common  iliac,  external  Mac,  ths  iliofemoral,  or  inguinal 
(under  Poupart's  ligament),  and  the  common  femoral  (to  the  origin  of 
the  profunda)  constitute  a  continuous  trunk,  which,  in  a  surgical 
'sense,  represents  the  prolongation  of  the  abdominal  aorta  to  the  lower 
limbs.  Aneurismal  tumors,  which  develop  in  the  external  iliac  tract, 
as  above  defined,  have  several  characters  in  common  which  justify 
their  classification  as  a  separate  group.  These  distinguishing  features 
are:  (1)  They  are  all  (with  the  exception  of  the  femoral)  aneurisms 
of  the  abdominal  type,  L  e.,  partially,  if  not  completely,  invested  by 
peritoneum,  and  most  accessible  by  abdominal  section  and  intra- 
peritoneal manipulations,  though  the  inguinal  and  upper  femoral 
members  of  this  group  are  also  attainable  by  extraperitoneal  routes. 
(2)  They  encounter  little  or  no  resistance  to  their  growth  and  develop- 
ment on  their  peritoneal  aspect;  therefore,  they  grow  rapidly,  attain 
large  proportions,  and  rupture  more  quickly  than  the  aneurisms  of 
the  extremities,  which  are  well  supported  by  the  surrounding  resist- 
ing aponeuroses  and  other  tissues.  (3)  Any  treatment  which  attempts 
to  cure  these  aneurisms,  either  by  coagulating  their  contents,  by 
obliterating  the  sac,  or  extirpating  it,  must  necessarily  influence  the 
circulation  of  the  lower  limbs  and  may  be  followed  by  gangrene  of 
the  distal  parts.  (4)  Absolute  control  of  the  circulation  in  the  aneu- 
risms of  the  iliac  tract,  including  the  common  femoral,  can  only  be 
obtained  by  compression  of  the  abdominal  aorta,  a  procedure  which 
controls  the  collateral  supply  of  both  internal  and  external  iliac 
groups.  The  procedure  causes  a  complete  ischemia  of  the  iliac 
tract,  and  makes  it  "dry  "  for  all  surgical  purposes,  though  even  then 
there  may  be  some  bleeding  in  the  sac  of  the  inguinal  and  upper 
•femoral  aneurisms  from  the  epigastric  and  circumflex  iliac  artery. 
(5)  The  iliac  tract,  as  above  defined,  constitutes  a  natural  surgical 
division  of  the  aneurismal  groups  of  the  lower  extremity.  This 
tract,  for  surgical  purposes,  is  bounded  above  by  a  line  drawn  across 
the  abdominal  aorta,  on  a  level  with  the  umbilicus,  just  above  the 
bifurcation.  On  this  upper  umbilical  line  direct  circular  elastic 
compression  may  be  applied  with  rubber  tubing,  as  recently  suggested 


334  SURGERY    OF   THE    VASCULAR   SYSTEM. 

by  Momburg  (see  Prophylactic  Hemostasis,  section  on  Hemorrhage). 
In  this  way  the  aorta  is  compressed  against  the  vertebral  column, 
at  least  in  thin  or  relaxed  individuals,  under  general  anesthesia. 
Compression  is  best  applied  to  the  aorta,  however,  by  opening  the 
abdomen  and  temporarily  clamping  the  vessel  by  protected  rubber 
clamps,  provisional  tape  ligature,  fingers  of  an  assistant,  etc.  Whether 
applied  by  extraperitoneal  or  intraperitoneal  routes,  the  compression 
of  the  aorta  becomes  necessary,  and  is  the  only  safe  method  of  obtain- 
ing a  reliable  preliminary  hemostasis  of  the  iliac  tract.  The  lower 
boundary  of  the  iliac  aneurismal  tract  is  reached  at  the  highest  level 
of  the  thigh,  where  circular  elastic  constriction  can  be  most  effective 
in  controlling  the  circulation  of  the  lower  limb.  The  aneurisms 
which  develop  above  this  line  must  be  considered,  for  surgical  pur- 
poses, as  members  of  the  iliac  group,  and  those  below  it  as  of  the 
femoral  group.  In  this  way  a  practical  surgical  division  is  established, 
which  is  based  upon  a  method  of  circulatory  control  common  to  all 
aneurisms  of  the  iliac  group,  regardless  of  anatomic  landmarks. 

II.  The  aneurisms  which  develop  on  the  internal  iliac  or  hypogas-' 
trie  artery  are  essentially  of  intra-abdominal  or  intraperitoneal  type, 
except  those  that  occur  in  its  peripheral  branches,  as  the  gluteal, 
sciatic,  obturator,  pudic,  etc.  The  common  feature  of  these  aneurisms 
is  that  the  obliteration  of  the  parent  trunk  of  the  internal  iliac,  or 
its  branches,  never  compromises  the  nutrition  or  vitality  of  the  lower 
extremity.  It  is  only  when  the  common  iliac,  or  its  continuation 
in  the  external  iliac  tract,  becomes  blocked  or  interrupted,  that  the 
internal  iliac  assumes  the  function  of  a  supplementary  collateral  and 
nutrient  of  the  lower  extremity  of  the  first  magnitude. 

Clinical  Data  on  Iliac  Aneurisms. — Incidence. — In  our  Charity 
Hospital  (New  Orleans)  statistics  there  are  2  of  the  common  iliac  in 
172  aneurisms  recorded  in  ten  years  (Holcombe).  In  Crisp's  classic 
group  they  appear  11  times  in  551  aneurisms.  In  order  of  frequency 
the  iliac  tract  is  attacked  by  aneurism  as  follows:  (1)  Iliofemoral 
(at  the  groin);  (2)  common  femoral;  (3)  external  iliac;  (4)  the  common 
iliac;  and  (5)  the  internal  iliac.  The  vast  majority  occur  in  men 
(only  3  per  cent,  of  the  ilio-inguinal  in  women).  They  are  frequent 
between  the  twentieth  and  fortieth  years,  and  there  is  a  tendency 
to  involve  the  right  side  (85  right,  71  left;  4  bilateral  aneurisms, 
Delbet). 

Causes. — These  aneurisms  are  either  traumatic  or  pathologic 
(so-called  spontaneous),  or  both.  The  pure  traumatic  aneurisms 
(stab,  gunshot,  blows,  etc.)  are  relatively  rare,  and  become  less 
frequent  as  the  aorta  is  approached,  those  who  are  wounded  in  these 
vessels  usually  succumbing  to  their  injuries  before  aneurisms  have 
time  to  develop.  Indirect  traumatism,  including  the  rupturing 
effect  of  sudden  violent  effort,  lifting,  wrestling  (increasing  the 
intravascular  tension),  in  rupturing  the  intima  and  media,  are  to  be 
regarded  as  exciting  causes  only  when  a  pathologic  cause  (arteritis, 
atheroma)  exists  as  a  predisposing  condition. 
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The  prognosis  of  iliac  aneurisms  of  the  main  trunks  is  always 
serious;  those  of  the  outer  iliac  tract  especially,  both  as  regards  the 
life  of  the  patient  and  of  the  limb.  Spontaneous  recovery  is  possible, 
but  is  very  exceptional.  The  prognosis  is  gravest  in  the  pathologic 
aneurisms,  chiefly  because  they  are  usually  associated  with  extensive 
and  inoperable  lesions  of  the  heart  and  arterial  system.  The  danger 
to  life  is  probably  greatest  in  the  common  and  external  iliac  groups; 
the  danger  from  gangrene  greatest  (for  anatomic  reasons)  in  aneu- 
risms of  the  common  femoral,  immediately  below  Poupart's  ligament. 
The  lack  of  peri-aneurismal  support  favors  the  rapid  development 
and  early  rupture  of  the  common  and  external  iliac  types. 

When  rupture  takes  place,  death  follows  quickly,  as  there  is  no 
obstacle  to  the  flow  of  blood  into  the  peritoneal  cavity.  Sometimes 
the  rupture  takes  place  in  the  subserous  connective  tissue,  forming 
immense  hematomas  which  extend  up  to  the  iliac  fossa  into  the 
lumbar  region,  or  into  the  pelvic  cavity,  far  beyond  the  original  leak. 
Sometimes  gangrene  of  the  foot  and  leg  occurs  from  compression  of 
the  main  vessel  and  the  collaterals  by  the  hematoma.  The  aneurisms 
are  rarely  limited  by  the  anatomic  lines  which  define  the  extent  of 
the  arteries,  hence  the  frequency  of  transition  forms,  such  as  aortic- 
iliac;  iliohypogastric;  iliofemoral  or  inguinal,  etc.  The 'iliofemoral 
or  inguinal  aneurisms  more  often  begin  in  the  common  femoral, 
below  Poupart's  ligament.  They  extend  usually  only  a  short  distance 
into  the  external  iliac,  the  larger  part  of  the  sac  extending  under 
and  below  the  crural  arch.  Aneurisms  of  the  groin,  which  begin  in 
the  common  or  superficial  femoral  and  extend  upward  to  the  external 
iliac,  are  still  less  frequent.  The  aneurism  may  be  bisaccular,  with 
an  hour-glass  constriction  on  a  level  with  Poupart's  ligament.  These 
aneurisms  may  erode  the  pelvis  (7  cases),  the  anterior  lip  of  the 
acetabulum,  and  perforate  into  the  hip-joint  itself  (Langenbeck, 
Matas).     In  shape,  they  may  be  sacciform  or  fusiform. 

The  surgical  anatomy  of  the  iliac  tract  is  the  key  to  the  sympto- 
matology. The  early  pains  felt  in  external  iliac  aneurisms  radiate 
from  the  iliac  fossa  to  the  thigh,  along  the  track  of  the  anterior  crural 
branches.  Varices,  edema,-  cyanosis,  and  other  evidences  of  saphen- 
ous engorgement  result  from  femoral  venous  compression.  The 
compression  of  the  iliopsoas  muscle  will  cause  a  psoas  contracture, 
with  an  attitude  of  the  limb  similar  to  that  observed  in  lumbar  Pott's 
disease.  As  the  tumor  develops  and  approaches  the  surface,  all  the 
signs  of  aneurism  become  apparent.  The  diagnosis  is  a  very  simple 
matter  when  a  pulsating  tumor  is  felt  in  the  groin  or  in  the  iliac 
fossa,  and  the  distinct  heaving  expansile  pulsation  is  associated  with 
the  characteristic  bruits.  Sometimes  there  is  no  pulsation,  and,  if 
it  existed  at  one  time,  it  may  be  forgotten  by  the  patient;  then  the 
real  and  dangerous  diagnostic  difficulties  begin.  These  aneurisms 
have  been  often  confused  with  osteosarcomas,  lymphosarcomas, 
and  other  tumors.  What  is  worse,  the  sac  becomes  sometimes 
infected  and  inflamed,  thus  accounting  for  the  very  dangerous  and 
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usually  fatal  error  of  opening  these  aneurisms  under  the  impression 
that  they  are  acute  iliac  phlegmons  or  cold  abscesses.  The  classic 
and  often  quoted  mistakes  of  Ferrand,  Desault,  Pelletan,  Dupuytren, 
— all  surgeons  in  chief  of  the  H6tel-Dieu  of  Paris, — prove  clearly  that 
even  the  most  experienced  may  be  deceived,  and,  what  is  worse, 
that  even  with  a  previous  knowledge  of  this  dangerous  possibility, 
the  error  is  still  repeated.  In  a  recent  case,  kindly  reported  to  me 
by  Dr.  Anderson,  of  Chattanooga,  Tenn.,  the  accident  happened 
when  a  large  pulseless  aneurism,  supposed  to  be  a  large  abscess  in 
the  iliac  fossa,  was  freely  opened  by  incision,  a  great  gush  of  blood 
instantly  revealing  the  true  nature  of  the  case.  It  was  only  the 
presence  of  mind  and  quick  action  of  the  operator  that  saved  the 
patient's  life.  He  immediately  packed  gauze  into  the  cavity,  and 
it  was  only  after  five  square  yards  of  gauze  had  been  stuffed  into  the 
sac  that  the  bleeding  stopped.  The  packs  were  gradually  removed 
in  the  course  of  two  weeks  and  the  patient  completely  recovered 
without  further  accident  and  after  a  very  unique  experience. 

The  diagnosis,  as  well  as  the  treatment,  of  these  aneurisms 
has  benefited  greatly  by  the  recent  advance  of  abdominal  surgery, 
which  permits  a  thorough  intraperitoneal  exploration  of  the  tumor 
without  opening  it  if  the  patient  is  placed  in  the  Trendelenburg 
position. 

Treatment  of  Aneurisms  of  the  Outer  or  External  Iliac  Tract. — 
This  must  vary  with  the  seat  of  the  aneurism,  its  topographic  rela- 
tions, its  size,  and  the  general  condition  of  the  patient.  Many  patients 
cannot  be  operated  upon  at  all,  at  least  surgically,  with  any  reasonable 
prospect  of  cure,  especially  if  marasmic  or  suffering  with  advanced 
or  multiple  arterial,  cardiac,  nephritic,  or  pulmonary  lesions.  In 
these  cases  the  medical  methods  of  treatment  recommended  for 
aortic  aneurisms  are. in  order.  A  small  aneurism  of  the  external  iliac, 
a  little  above  the  groin,  in  a  thin  subject,  may  be  benefited  and 
cured  by  digital  compression,  as  shown  by  Shepherd,  of  Montreal. 
If  the  aneurism  is  very  large  and  extends  above  Poupart's  ligament 
for  any  great  distance,  it  is  evident  that  digital  compression  is  out  of 
the  question.  Possibly  indirect  compression  of  the  abdominal 
aorta  by  Macewen's  method  or  the  instrumental  aortic  compressors 
(Lister's,  Esmarch's,  Signorini's)  may  be  tried.  Though  the  results 
obtained  by  indirect  compression  for  iliac  aneurisms  is  not  encourag- 
ing, still  the  successful  cases  reported  by  Wheelhouse,  Hilton, 
Mapother,  and  Holden,  in  the  older  literature,  in  which  cure  was 
obtained  by  compression  of  the  aorta,  are  well  worth  remembering. 
According  to  Delbet,  flexion  has  been  tried  five  times  without  a 
single  success.  Richardson,  of  New  Orleans,  devised  a  special  method 
of  flexion  of  the  thigh  for  external  iliac  and  high  femoral  aneurisms, 
and  obtained  at  least  one  symptomatic  cure  in  1879.  Indirect 
compression  of  the  abdominal  aorta  in  iliac  aneurisms  should  be 
attempted  systematically  only  on  patients  who  are  able  to  stand 
prolonged  anesthesia.     If  compression  fails,  after  a  fair  trial,  it  should 
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be  discontinued.  Compression  may  at  least  help  to  develop  the 
collateral  circulation. 

The  treatment  which  has  been  most  frequently  applied  to  aneu- 
risms of  the  external  iliac  tract  is  the  ligature,  either  of  the  external 
or  of  the  common  iliac.  The  abdominal  aorta  has  been  ligated  at 
least  ten  times  for  aneurisms  of  the  common,  external,  and  internal 
iliac  arteries,  but  all  these  attempts  failed.  The  common  iliac  was 
first  ligated  for  aneurism  of  the  external  iliac  by  Valentine  Mott, 
of  New  York,  in  1827.  Since  that  time  the  reported  cases  have  been 
compiled  by  several  writers — Stephen  Smith,  Barbosa,  1874;  Kummell, 
1883;  Tillmanns,  and  Dreist  (Deutsch.  Zeit.  Chir.,  1903-04,  Bd.  lxxi.). 

In  summing  up  the  evidence  from  various  sources  we  find:  that 
the  common  iliac  artery  has  been  ligated  80  times,  with  56  deaths, 
or  a  death-rate  of  70  per  cent.;  59  of  these  operations  were  done 
prior  to  1880,  during  the  preantiseptic  period,  with  46  deaths,  or 
77.97  per  cent,  mortality.  In  the  21  operations  done  since  1880, 
presumably  with  aseptic  precautions,  there  were  10  deaths,  which 
shows  a  reduction  in  the  death-rate  to  47.64  per  cent. — a  very  decided 
improvement.  Gangrene  has  occurred  in  the  last  21  cases  7  times, 
or  in  33.33  per  cent. 

In  the  preantiseptic  period  the  extraperitoneal  route  was  adopted, 
according  to  Dreist,  in  48  cases,  with  37  deaths, — 77  per  cent., — and 
in  the  antiseptic  period  the  same  route  was  followed  by  a  mortality  of 
only  55.33  per  cent.  At  the  present  time  the  extraperitoneal  route 
has  been  practically  abandoned,  as  the  great  superiority  of  the  trans- 
peritoneal method  is  universally  recognized.  The  mere  opening 
of  the  peritoneal  cavity  for  the  ligation  of  the  artery  contributes  very 
little,  if  at  all,  to  the  mortality  of  the  operation;  on  the  contrary,  the 
transperitoneal  route  is  less  liable  to  septic  complications  than  the 
long  undermining  and  traumatizing  dissections  adopted  by  the  older 
operators.  The  common  iliac  artery  was  ligated  extraperitoneally 
as  a  prophylactic  hemostatic  in  disarticulation  of  the  hip  by  Schon- 
born  (Wurzburg),  in  1883.  Intraperitoneal  digital  compression  to 
prevent  hemorrhage  in  disarticulation  of  the  hip  was  first  applied  by 
McBurney,  of  New  York,  in  1894.  As  a  prophylactic  hemostatic 
to  control  the  circulation  in  an  iliofemoral  aneurism  treated  by 
endo-aneurismorrhaphy,  the  common  iliac  was  clamped  provisionally, 
at  Matas'  suggestion,  by  Danna,  of  New  Orleans,  July  19,  1907. 
Since  that  time  temporary  compression  of  the  common  iliac  alone, 
or  combined  with  compression  of  the  aorta  for  the  same  purpose, 
has  been  applied  by  Matas  (1907),  Levi  Old  (1907),  Balch  (1907), 
and  Gessner  (1909),  in  5  cases  of  iliofemoral  aneurism,  and  always 
without  accident  or  complications  from  the  peritoneal  side. 

Extirpation. — This  procedure  has  been  applied  in  comparatively 
few  instances — thus  far  only  in  aneurisms  of  the  external  iliac  artery. 
Under  this  heading  are  classed  the  cases  reported  by  Bobbio  (1881), 
Qu&iu  (1895),  Bazy,  Dollinger  (1897),  Schorpf  (1898),  and  Brewer 
(1901).  Recovery  followed  in  all  but  Schorpf  s  case,  in  which  a  high 
vol.  v— 22 
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thigh  amputation  became  necessary  on  account  of  gangrene  (20  per 
cent,  of  gangrene  in  this  group). 

Intrasaccular  Suture  Method  (Endo-aneurismorrhaphy) . — Though 
most  recently  introduced,  this  has  a  record  of  7  operations  on  aneu- 
risms of  the  iliac  group:  5  iliofemoral  and  2  external  iliacs.  Of  the 
iliofemoral  group,  2  operations  were  atypical,  because  in  addition 
to  the  obliteration  of  the  sac  by  suture,  the  external  iliac  was  ligated 
immediately  above  the  aneurism  (Vaughan  and  Girdano).  All 
these  cases  recovered  from  the  operation  without  gangrene,  except 
one,  in  which  secondary  hemorrhage  occurred  in  the  sac  from  pre- 
mature yielding  of  the  sutures,  which  compelled  secondary  ligation 
of  the  external  iliac.  It  was  then  that  gangrene  occurred  and  death 
followed  from  exhaustion.  In  all  these  cases  the  obliterative  opera- 
tion was  adopted,  except  in  Danna's  case,  where  a  reconstructive 
operation  was  performed.  In  this  case  the  aneurism  relapsed  in 
two  months  after  recovery  from  the  first  operation,  ultimately  rup- 
turing, with  fatal  results.  In  all  probability  this  event  could  have 
been  avoided  if  the  patient  had  listened  to  advice  and  returned  to 
the  hospital  to  have  the  second  (obliterative)  operation  performed. 
Two  cases  of  external  iliac  aneurisms,  operated  by  endo-aneurismor- 
rhaphy, one  successful,  by  Balch  and  Murphy,  of  Boston  (Bost.  Med. 
and  Surg.  Jour.,  vol.  clix.,  No.  26,  December  24,  1908);  the  other 
reported  by  Levi  Old,  Norfolk,  Va.,  died  from  pulmonary  embolism 
(proved  by  post-mortem)  within  twelve  hours  after  the  operation, 
nothing  abnormal  or  unusual  having  been  found  at  the  site  of  the 
aneurismal  operation.  In  Batch's  very  unique  and  brilliant  case  a 
large  traumatic  aneurism  which  filled  the  iliac  fossa  was  cured  by 
a  restorative  aneurismorrhaphy.  The  common  iliac  was  controlled 
with  a  Crile  clamp,  and,  after  opening  the  sac  and  clearing  out  the 
clot,  the  single  orifice  of  communication  was  closed  by  sutures,  leaving 
the  lumen  of  the  wounded  external  iliac  open  and  pervious.  The 
aneurism  was  cured,  and  the  patient  recovered  completely  without 
any  disturbance  in  the  circulation  of  the  leg. 

In  this  category  I  will  also  place  the  cases  of  diffuse  traumatic 
aneurism  reported  by  Pringle  (1901),  de  la  Torre  (Zent.  Chir.,  No.  48, 
1908).  We  have  already  referred  to  the  remarkable  case  (unpublished) 
of  Anderson,  of  Chattanooga  (1909)  (p.  336).  It  is  interesting  to 
notice  that  in  the  hands  of  the  Japanese  surgeons,  Kikuzi,  for  instance, 
the  method  of  intrasaccular  ligature,  applied  by  him  after  free  incision 
and  evacuation  of  the  sac,  in  the  traumatic  aneurisms  which  occurred 
among  the  Japanese  and  Russian  soldiers,  was  followed  by  remark- 
ably satisfactory  results.  In  5  arteriovenous  and  one  arterial  aneurism 
of  the  external  iliac  and  four  of  the  common  femoral  in  which  the 
injured  vessels  were  ligated  in  situ  no  fatalities  or  gangrenes  occurred. 
(See  method  of  intra -saccular  ligature  in  the  "Treatment  of  Aneurism, 9r 
and  also  under  Arteriovenous  Aneurisms.) 

Aneurisms  of  the  common  femoral,  which  include  the  origin  of  its 
superficial  and  deep  branches  (profunda  femoris),  are  to  be  considered 
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surgically  in  the  same  light  as  iliofemoral  or  inguinal  aneurisms. 
The  traditional  and  well-founded  fear  of  secondary  hemorrhage,  with 
all  its  disastrous  consequences,  following  the  ligation  of  the  common 
femoral  below  the  origin  of  the  epigastric  and  circumflex  iliac  branches 
(58  per  cent,  secondary  hemorrhage,  51  per  cent,  deaths;  Barwell, 
Ashhurst's  Surg.  Encyclop.,  vol.  iii.,  1883),  led  the  older  surgeons  to 
condemn  ligation  of  the  common  femoral  and  to  ligate  the  external 
iliac,  which  was  less  liable  to  secondary  hemorrhage  (22  per  cent, 
mortality;  27  per  cent,  secondary  hemorrhage;  8  per  cent,  gangrenes, 
Rabe-Barwell  statistics,  Ashhurst's  Encyclop.  Surg.,  vol.  iii.).  The 
difference  in  the  results  of  the  ligation  of  the  two  arteries  was  due  to  the 
fact  that  the  collateral  circulation  in  the  common  femoral  is  so  great 
that  it  interfered  with  the  organization  of  the  thrombus,  so  that  when 
the  ligatures  cut  through  the  artery  by  suppuration  and  ulceration, 
secondary  hemorrhage  occurred.  On  the  other  hand,  the  external 
iliac  is  comparatively  free  from  branches,  so  that  a  thrombus  could 
organize  undisturbed  after  a  ligature,  at  least  sufficiently  to  plug 
the  artery  after  the  ligature  had  cut  through. 

Since  the  advent  of  the  absorbable  aseptic  ligature,  the  danger 
of  secondary  hemorrhage  has  been  practically  eliminated;  but  that 
of  gangrene,  though  much  diminished  (18.75  per  cent,  after  external 
iliac  ligations  for  femoral  aneurism,  Delbet,  1895),  still  remains. 
The  danger  from  the  ligature  in  the  treatment  of  aneurism,  especially 
in  so  vascular  a  region  as  the  upper  femoral  tract,  is  that  the  stagna- 
tion which  occurs  in  the  sac  is  only  partial.  There  are  often  currents 
which  persist  through  the  collaterals  sufficiently  long  after  the  ligation 
to  detach  loose  fragments  of  clot  which  block  the  peripheral  arteries. 
Sometimes  a  thrombus  may  extend  all  the  way  from  the  sac  into 
the  profunda  or  superficial  femoral,  and  block  these  vessels  for  several 
inches.  Hence  the  present  tendency  to  attack  aneurisms  by  direct 
intervention,  either  by  extirpation  or  by  open  section,  clearing  out 
all  the  clot  and  obliterating  the  orifices  by  suture.  It  is  to  Delbet's 
lasting  credit  to  have  demonstrated  that  there  is  infinitely  less  risk 
to  the  limb  by  obliterating  an  aneurismal  artery  at  the  diseased  part 
than  by  creating  two  obstructions  in  the  same  artery — one  at  the 
point  of  ligature  and  the  other  in  the  coagulated  sac.  However,  to 
extirpate  these  aneurisms  in  areas  which  fairly  bistle  with  spurting 
branches  is  no  simple  matter  unless  an  absolutely  dry  field  is  obtained; 
even  then  the  danger  of  wounding  the  vein,  which  would  at  once 
greatly  add  to  the  danger  of  the  limb,  is  not  to  be  disregarded.  To 
avoid  this  risk  and  diminish  unnecessary  traumatism,  especially  to 
the  numerous  collaterals  which  exist  in  this  region,  the  intrasaccular 
suture  method  (endo-aneurismorrhaphy)  can  be  resorted  to  with 
advantage.  I  have  a  record  of  six  cases  in  which  high  femoral 
aneurisms  seated  above  the  line  of  practicable  circular  elastic  con- 
striction were  treated  by  this  method.  In  two  of  these,  Frazier 
(Annals  of  Surgery,  vol.  xlvi.,  1907)  and  Mitchell  (Washington,  1907) 
encountered  severe  hemorrhage  in  spite  of  the  control  of  the  proximal 
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(iliac)  end  of  the  sac,  the  intermediary  collaterals  opening  freely 
into  the  sac.  In  two  others,  one  by  White,  of  Savannah,  Ga.,  1905, 
a  remarkably  brilliant  case,  of  restorative  endo-aneurismorrhaphy 
for  traumatic  aneurism  of  the  femoral,  and  the  other,  by  Stafford, 
of  New  Orleans  (see  Matas,  Jour.  Amer.  Med.  Assoc,  September 
29,  1906),  there  was  also  free  bleeding  after  opening  the  sac  in  spite 
of  provisional  ligatures  applied  to  the  common  femoral  in  the  first 
case,  and  to  the  external  iliac  in  the  last.  The  bleeding  came  chiefly 
from  the  profunda,  which  was  incorporated  in  the  sac,  as  is  usual  in 
these  cases.  Whelan  obtained  a  notable  success  in  an  unusual 
aneurism  of  this  type,  the  bleeding  being  controlled  by  a  simple 
provisional  traction  (tape  ligature)  on  the  external  iliac.  Crile  (1908) 
also  obtained  a  brilliant  cure.  He  controlled  the  bleeding  by  com- 
pressing the  upper  and  lower  poles  of  the  aneurism  with  the  Crile 
clamp,  and  was  able  to  suture  and  obliterate  the  sac  without  inter- 
rupting the  lumen  of  the  artery.  In  all  these — 6  cases — a  recovery 
followed  with  the  cure  of  the  aneurism,  except  in  2  cases.  In  one 
(Stafford)  gangrene  followed  the  ligation  of  the  external  iliac  high 
up,  on  account  of  the  rupture  of  an  aneurism  which  had  formed  at 
the  point  of  traction,  where  the  provisional  ligature  had  been  placed 
while  operating  on  the  common  femoral;  in  the  other  (Frazier)  the 
patient  recovered  and  the  aneurism  was  cured,  but  gangrene  occurred 
on  account  of  the  formation  of  a  thrombus  in  the  popliteal.  The 
artery  remained  patulous  from  the  point  of  aneurismal  obliteration 
in  the  thigh  to  the  popliteal  space.  The  uncertainty  of  obtaining 
a  bloodless  field  in  high  femoral  aneurisms,  even  when  the  proximal 
and  distal  poles  are  controlled  by  provisional  ligatures,  has  led  me  to 
practise  and  recommend  the  compression  of  the  aorta  or  common 
iliac  as  a  preliminary  procedure  in  such  cases.  It  is  evident  that 
while  the  statistics  of  the  intrasaccular  method  of  suture  are  not  yet- 
large  enough  to  justify  dogmatic  conclusions,  there  is  no  doubt  that 
in  this  difficult  region  it  is  already  in  a  position  to  stand  comparison 
with  extirpation  or  other  methods  of  radical  cure. 

Aneurisms  of  the  Internal  Iliac  Tract — "  Aneurisms  of  the  Buttock." 
— Aneurisms  of  the  hypogastric  arteries  are  also  described  as  "pelvic 
aneurisms."  While  all  the  branches  of  the  internal  iliac  may  become 
aneurismal,  including  in  this  the  uterine  artery,  aneurisms  of  which 
have  been  reported  in  a  few  instances,  the  aneurisms  of  the  internal 
iliac,  which  are  most  frequent  and  of  the  greatest  interest  to  the 
surgeon,  are  those  which  appear  in  the  buttocks  as  dilatations  or 
extravasations  of  the  gluteal  or  sciatic  arteries.  These  may  appear 
in  the  intrapelvic  portion  or  origin  of  these  vessels,  or  in  their  extra- 
pelvic  distribution.  The  aneurisms  limited  strictly  to  the  intrapelvic 
portion  are  so  rare  that  they  need  not  be  considered.  On  the  other 
hand,  the  extrapelvic  often  extend  into  the  pelvis,  and  some  are, 
therefore,  intrapelvic  and  extrapelvic,  the  groove  between  the  sacs 
corresponding  to  the  sacrosciatic  notch. 

The  majority  of  the  gluteal  and  sciatic  aneurisms  are  caused  by 
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traumatism,  either  directly  or  indirectly,  t.  e.,  they  are  pulsating 
hematomas,  which  have  become  encysted  and  well  defined.  Circum- 
scribed traumatic  aneurisms  are  the  rule;  the  majority  occur  in  males. 
In  38  cases,  12  were  due  to  wounds  (stabs)  and  12  to  ruptures  and 
lacerations  caused  by  fracture  of  the  pelvis  or  contusions,  falls  on 
the  seat,  etc.  The  gluteal  artery  is  more  frequently  injured  by  direct 
wounds  (stabs);  the  sciatic  by  falls  on  the  ischium  or  seat,  which 
fracture  the  pelvis  or  tear  the  artery  at  its  exit  from  the  sacrosciatic 
foramen.  The  left  side  is  more  frequently  affected  than  the  right. 
Rupp,  in  his  recent  thesis  (Inaug.  Dissert.,  Konigsberg,  1907),  report- 
ing a  successful  case  of  extirpation  of  gluteal  aneurism  by  Lexer, 
has  collected  45  cases  of  gluteal  aneurisms,  of  which  22  were  of  trau- 
matic origin  and  23  spontaneous  (8  indirectly  associated  with  trauma). 

Size. — This  varies  from  that  of  an  egg  to  that  of  a  large  irregular 
tumor  which  may  fill  the  hollow  of  the  sacrum  and  the  space  between 
the  ischium  and  the  great  trochanter. 

Symptomatology. — This  is  based  chiefly  upon  a  knowledge  of  the 
anatomic  relations  of  the  gluteal  and  sciatic  arteries.  The  appear- 
ance of  a  tumor  shortly  after  traumatism  is  always  suggestive  of 
aneurism.  The  nature  of  the  tumor  is  confirmed  when  expansile 
pulsation  is  felt.  The  spontaneous  tumors  are  small  and  slow  in 
developing.  The  traumatic  are  usually  large,  widely  diffused,  and 
of  rapid  development.  Sciatic  aneurisms  are  distinguished  from  the 
gluteal — first,  by  their  greater  proximity  to  the  tuberosity  of  the 
ischium;  second,  by  their  lateral  mobility.  The  proximity  of  the 
sciatic  nerve  explains  the  preliminary  pains  which  are  so  often  mis- 
taken for  sciatica  before  a  palpable  tumor  can  be  felt.  If  allowed 
to  go  unchecked,  they  terminate  fatally.  They  all  tend  either  to 
rupture  subcutaneously,  and  sometimes  choke  up  the  thigh  with  a 
massive  circumferential  extravasation;  or  externally,  causing  almost 
immediate  death.  It  is  easy  to  mistake  these  aneurisms  when  they 
are  filled  with  hard  clot  for  sarcomata  or  even  abscesses.  Exploration 
with  a  large  aspirating  needle  will  often  clear  up  an  obscure  diagnosis. 

Treatment — Past  methods  of  treatment — coagulating  injections 
of  perchlorid  of  iron,  galvanopuncture,  etc.,  have  all  given  way  to 
surgical  treatment  by  the  open  method,  t.  e.,  incising  the  sac  with 
or  without  preliminary  ligation  of  the  internal  iliac.  The  common 
iliac  was  ligated  four  times,  with  three  deaths,  in  the  preantiseptic 
period.  The  ligation  of  the  internal  iliac  artery  on  the  Hunterian 
plan  has  been  justly  regarded,  until  the  modern  period,  as  a  very 
dangerous  operation.  D'Antona,  of  Naples  (Archiv.  Internat.  Chir., 
vol.  i.,  1903-04),  in  reporting  a  cure  of  bilateral  sciatic  aneurisms 
(spontaneous)  in  the  same  subject,  by  the  successive  ligation  of 
both  internal  iliac  arteries,  published  all  the  reported  cases  of  ligation 
of  this  artery  for  aneurism  from  1869  to  1903;  in  all,  25  cases,  with 
15  recoveries  and  10  deaths,  or  40  per  cent,  mortality. 

It  is  evident  that  these  statistics  must  all  be  revised  in  the  light 
of  modern  technic,  and  to  mix  up  the  old  with  the  new  cases  is  simply 
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a  profitless  undertaking.  At  present  the  ligation  of  the  internal 
iliac  by  the  intraperitoneal  route  with  the  aid  of  the  Trendelenburg 
position  is  in  itself  a  comparatively  simple  and  benign  procedure. 
In  view  of  the  uncertainty  of  the  effects  of  the  ligation  of  the  internal 
iliac  and  the  liability  to  relapse  (see  Gillette's  case,  Annals  of  Sur- 
gery, vol.  xlviii.,  1909)  the  combination  of  the  ligature  of  the  internal 
iliac,  whether  permanent  or  provisional,  with  the  free  incision  of  the 
sac  and  its  obliteration  by  suture  (obliterativeendo-aneurismorrhaphy), 
should  be  adopted  in  all  the  cases  in  which  the  patient  can  be  anes- 
thetized and  stand  the  effects  of  a  laparotomy.  When  we  consider 
that  the  old  operation,  the  modified  Antyllian,  as  performed  by 
Syme,  as  the  "method  of  intrasaccular  ligature/9  cured  12  of  the  14 
cases  reported  by  Delbet,  a  mortality  of  16.66  per  cent.,  as  against  the 
40  per  cent,  mortality  following  the  Hunterian  ligation  of  the  internal 
iliac,  it  is  evident  that  these  comparatively  good  results  can  be  still 
further  improved  with  a  modern  technic.  The  clear  demonstration 
of  the  simplicity  and  thoroughness  of  the  method  of  intra-saccular 
suture  (endo-aneurismorrhaphy)  has  been  recently  shown  most  ef- 
fectively in  a  gluteal  case  reported  by  Robert  Abbe,  of  New  York 
(Annals  of  Surgery,  vol.  xlviii.,  1908),  wherein  the  technic  is  clearly 
illustrated  and  described. 

To  conclude:  In  fully  formed  aneurisms  with  well-defined  sac- 
walls  incision  of  the  sac  and  suture  of  the  orifices,  with  final  oblitera- 
tion by  the  intrasaccular  method  of  suture,  is  to  be  preferred  as  the 
method  of  election,  provided  prophylactic  hemostasis  can  be  obtained 
by  preliminary  intraperitoneal  ligation  or  temporary  compression  of 
the  internal  iliac.  In  acute  traumatic  diffuse  aneurisms  without  sac 
walls  the  same  prophylactic  hemostatic  procedure  should  be  adopted, 
but  instead  of  suturing  the  walls  of  the  cavity,  the  wounded  artery 
should  be  sought  and  ligated  or  sutured  wherever  it  may  be  accessible 
in  the  aneurismal  cavity.  In  gluteal  or  sciatic  aneurisms  which 
begin  in  the  pelvis  (rare,  and  usually  pathologic)  the  ligation  of  the 
internal  iliac  trunk,  as  near  the  aneurism  as  possible,  may  be  sufficient. 
The  smaller  pathologic  aneurisms  of  the  same  vessels,  which  are  well 
defined  and  circumscribed,  outside  of  the  sacrosciatic  notch,  may  be 
treated  most  satisfactorily  by  a  preliminary  incision  exposing  the 
upper  and  lower  poles  of  the  aneurism,  followed  by  the  extirpation 
of  the  sac. 

Aneurisms  of  the  Femoral  Regions.— (From  the  bifurcation 
of  the  common  femoral  to  the  origin  of  the  popliteal.)  For  the 
reasons  already  given,  only  such  aneurisms  will  be  considered  as 
members  of  this  group  which  begin  in  the  thigh  below  the  highest 
level,  where  circular  elastic  constriction  is  practicable  for  hemostatic 
purposes.  In  this  region,  on  account  of  their  frequency,  the  most 
important  aneurisms  are  those  of  the  superficial  femoral.  Aneurisms 
of  the  profunda  are  probably  ten  times  less  frequent  than  those  of 
the  superficial  femoral,  and  those  of  the  superficial  femoral  are  esti- 
mated to  be  four  times  less  frequent  than  those  of  the  popliteal  (85 
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femoral;  358  popliteal,  Delbet).  It  is  readily  appreciated  that 
when  either  one  of  these  two  trunks  alone  is  obliterated  at  the  site 
of  an  aneurism,  the  integrity  of  the  circulation  below  the  obstruction 
is  not  imperiled,  provided  the  other  is  patulous.  The  majority  of 
these  aneurisms  are  of  traumatic  origin,  though  the  spontaneous 
variety,  due  to  pathologic  lesions  of  the  artery,  are  not  rare.  In 
fact,  multiple  aneurisms  are  more  frequent  in  the  superficial  femoral 
tract  than  in  any  other  peripheral  vascular  area.  They  sometimes 
appear  in  succession  in  the  femoral  artery  in  connection  with  others 
of  the  iliac  tract.  The  cases  collected  by  Souchon  (N.  Y.  Med.  Jour., 
November  2,  1895,  p.  545),  in  which  as  many  as  four  aneurisms  existed 
in  succession  and  in  the  same  individual  and  in  the  same  artery  (ilio- 
femoral tract),  are  examples  of  this  pathologic  peculiarity  of  the 
large  arteries  of  the  lower  extremity.  The  aneurisms  develop  at  the 
apex  of  Scarpa's  triangle;  are  usually  globular  or  spherical  in  shape; 
those  below  are  of  flatter  form,  as  they  are  compressed  against  the 
bone  and  against  deep  muscular  planes.  Compared  with  popliteal 
aneurisms,  femoral  aneurisms  grow  with  less  rapidity,  and  there  is 
less  pain  and  disturbance  from  compression  of  the  perianeurismal 
nerves  and  veins.  Therefore  there  is  less  pain  and  less  edema  in 
superficial  femoral  than  in  popliteal  aneurisms.  Sometimes  aneurisms 
develop  in  the  branches  of  the  femoral  (circumflex,  muscular, 
anastomotica,  etc.),  the  superficial  femoral  artery  itself  being  readily 
distinguished  and  separated  from  the  aneurism,  especially  in  thin 
subjects. 

Treatment. — Digital  compression  of  the  common  femoral  at 
Poupart's  ligament  may  be  tried  with  some  expectation  of  success. 
The  most  serious  objection  to  this  method,  as  applied  to  this  group  of 
aneurisms,  is  in  its  comparative  inefficiency.  In  his  earlier  series 
Delbet  reports  20  cases  with  11  recoveries.  In  the  failures  there  were 
2  gangrenes.  In  the  later  series  of  1895  the  same  author  quotes  11 
cases  treated  by  ligature;  10  alone  are  considered  available  for  study; 
of  these  10,  only  6  were  cured;  of  the  4  failures,  2  suffered  gangrene 
of  the  leg — in  all,  30  cases  with  13  failures,  among  which  were  4 
gangrenes.  In  one  case  another  aneurism  developed  at  the  seat  of 
the  ligature.  In  the  preantiseptic  period  Rabe  (1875),  in  his  collection 
of  952  ligations  of  the  main  arterial  trunk,  established  the  following 
percentage  of  gangrenes  that  followed  the  ligature  for  aneurisms 
of  the  lower  extremity.  The  common  femoral,  36  per  cent.;  super- 
ficial femoral,  22  per  cent.;  the  external  iliac,  19  per  cent.  Scriba,  ten 
years  later,  in  his  analysis  of  103  ligations  on  the  Anel  or  Hunterian 
plan  for  aneurisms,  states  the  proportion  of  periphefal  gangrenes  as 
follows:  After  the  ligation  of  the  external  iliac,  9.1  per  cent.;  after 
the  ligation  of  the  femoral  tract,  including  the  common  femoral, 
5.3  per  cent. 

Extirpation. — Delbet  records  9  cases  of  extirpation  and  9  of  the 
old  Antyllian  operation  (double  ligature,  incision,  and  packing); 
in  all,  18  cases  of  direct  intervention  without  a  single  death  or  gan- 
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grene.  He  has  shown  in  this  group,  as  well  as  in  all  others  involving 
the  peripheral  arteries,  that  direct  intervention  is  always  safer,  from 
gangrene  of  the  limb,  than  the  ligature,  and  especially  the  Hunterian 
ligature. 

Intra&accvlar  Suture  (Endo-aneurismorrhaphy) . — I  have  collected 
reports  of  21  femoral  aneurisms  operated  on  by  this  method.  Of 
these,  6  were  high  femoral  aneurisms,  including  the  common  femoral 
and  its  divisions,  and  have  been  referred  to  elsewhere.  Fifteen  (15) 
involve  the  superficial  femoral  in  its  middle  or  lower  thirds.  Six  of 
these  operations  were  of  the  restorative  type,  in  which  the  aneurismal 
sac  was  obliterated  without  occluding  the  lumen  of  the  parent  artery, 
and  in  another  a  reconstructive  operation  (Craig  Barrow's  case)  was 
performed,  in  which  a  new  channel  was  built  out  of  the  sac-walls; 
in  all,  7  cases  in  which  it  was  possible  to  cure  the  aneurism  without 
obliterating  the  artery.  In  the  remaining  8  the  obliterative  suture 
was  performed.  In  the  entire  group  of  15  cases  a  cure  was  effected 
without  a  death  and  without  a  single  gangrene.  The  simplicity  and 
safety  of  the  intrasaccular  suture,  as  compared  with  other  radical 
methods,  and  especially  with  extirpation,  are  perhaps  more  apparent 
in  this  region  than  in  any  other. 

Popliteal  Aneurisms. — Aneurisms  of  the  popliteal  artery  are 
by  far  the  most  frequent  of  the  surgical  and  operable  types  of  this 
disease.  In  a  collection  of  106  aneurisms  covering  all  the  important 
regions  of  the  body,  which  have  been  operated  upon  by  the  intra- 
saccular suture  method  and  collected  by  myself  since  1903,  we  find 
that  62,  or  58  per  cent.,  involve  the  popliteal  region.  In  the  same 
collection,  of  95  aneurisms  of  the  lower  extremity,  including  the 
iliac  vessels,  66.4  per  cent,  are  popliteal  aneurisms.  According  to 
Delbet,  popliteal  aneurisms  constitute  over  one-third  of  all  the 
peripheral  and  surgical  aneurisms.  Owing  to  their  frequency,  poplit- 
eal aneurisms  always  suggest  themselves  to  the .  surgeon  as  the 
standard  of  comparison  or  basis  of  study  when  any  new  question  is 
raised  in  connection  with  the  treatment  of  this  disease. 

Etiology  and  Pathogenesis. — Popliteal  aneurisms  are  rarely  of 
purely  traumatic  origin,  certainly  they  are  not  often  caused  by  gross  vio- 
lence or  recognizable  wounds.  In  the  majority  of  the  cases  the  patients 
cannot  give  any  History  of  direct  objective  violence,  but  on  careful 
questioning  there  is  always  a  history  of  strain  or  muscular  effort 
which  suddenly  and  repeatedly  increased  the  arterial  tension.  Of 
the  various  theories  suggested  to  explain  the  greater  frequency  of 
these  aneurisms,  that  of  Delbet  is  probably  the  most  plausible. 
According  to  him,  the  internal  and  middle  tunics  are  ruptured  in 
violent  lifting  efforts,  in  which  the  arterial  tension  is  suddenly  exag- 
gerated, while  the  leg  is  acutely  flexed  at  the  knee.  The  rupture  of 
the  coats  may  be  very  slight,  leading  to  no  appreciable  symptoms  at 
the  time  of  the  occurrence;  or  it  may  be  so  complete  as  to  cause 
prompt  thrombosis  in  the  vessel,  this  being  followed  by  a  series  of 
signs  and  symptoms  which  are  unmistakably  indicative  of  arterial 
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obstruction.  Though  Adelmann's  experiments  would  seemingly 
contradict  the  importance  of  acute  flexion  at  the  knee  as  a  causative 
factor,  it  is  evident  that  such  flexion  is  a  decided  impediment  to  the 
blood-stream  at  the  popliteal.  It  is  well  known  that,  for  this  reason, 
flexion  alone  may  be  utilized  as  a  means  of  curing  the  disease.  Del- 
bet's  theory  is  in  accord  with  the  fact  that  the  majority  of  these  cases 
occur  in  laboring  men,  very  rarely  in  women,  and  that  a  history  of 
syphilis,  alcohol,  and  other  causes  of  arterial  degeneration  is  fre- 
quently present.  The  frequency  of  bilateral  simultaneous  or  coinci- 
dent aneurisms  in  both  popliteal  spaces  and  other  regions  in  the  same 
subject  also  confirms  his  view. 

Pathologic  Anatomy. — Spontaneous  aneurisms  of  the  popliteal 
very  rarely  involve  more  than  a  comparatively  small  segment  of  this 
artery.  Fusiform  aneurisms,  as  defined  in  the  text  (see  Morphology 
of  the  Sac,  etc.),  involve  a  larger  section  of  the  artery  than  the  sacci- 
form aneurisms.  Sometimes  an  aneurism  that  will  fill  the  entire 
popliteal  space,  compressing  and  displacing  its  contents,  will  involve 
a  section  of  the  artery  not  more  than  half  an  inch  in  length. 

Popliteal  aneurisms  may  be  classified,  according  to  the  part  of 
the  vessel  involved,  into:  (1)  Upper  or  femoropopliteal;  (2)  middle; 
(3)  lower  or  popliteocrural  aneurisms.  Probably  Gancers  original 
division  into  upper  and  lower  popliteal  aneurisms  (see  Paris  Thesis, 
1879)  is  sufficient  for  all  surgical  purposes.  The  gravity  of  these 
aneurisms  and  the  danger  of  gangrene  which  may  follow  their  oblitera- 
tion increase  as  they  descend  from  the  upper  end  of  the  space  to  the 
bifurcation  of  the  popliteal.  The  upper  or  femoropopliteal  aneurisms 
find  more  space  for  expansion  and  are  less  likely  to  compress  the 
veins  and  artery;  and,  what  is  more  important,  they  involve  a  rela- 
tively small  number  of  collaterals.  Those  of  the  lower  popliteocrural 
group,  especially  if  they  attack  the  terminal  division  of  the  artery, 
are  compelled  to  develop  in  a  narrow  compressed  space,  giving  rise 
very  promptly  to  venous  obstruction  and  nervous  pressure-disturb- 
ances from  the  popliteal  and  peroneal  nerves,  which  fuse  into  and 
finally  blend  with  the  sac.  The  danger  of  gangrene  of  the  foot  and 
other  parts  is  greatly  increased  in  this  variety,  because  of  the  ease 
with  which  the  bifurcation  of  the  artery  into  its  anterior  and  posterior 
tibial  branches  is  blocked  by  a  thrombus,  and  because  the  important 
collaterals  (superior  and  inferior  articular,  azygos,  and  the  muscular 
branches)  all  spring  from  the  sac  or  open  into  it,  so  that  if  the  sac 
is  filled  with  coagula  and  the  collateral  orifices  are  occluded,  it  is 
evident  that  the  only  avenue  for  the  collateral  circulation  of  the  leg 
is  through  the  anterior  tibial  recurrent,  the  muscular,  and  a  recurrent 
branch  from  the  peroneal. 

The  upper  popliteal  aneurisms,  when  opened,  show  a  compara- 
tively small  number  of  collaterals  opening  into  them;  those  of  the 
inferior  tract,  especially  those  in  that  part  of  the  artery  which  ex- 
tends from  the  level  of  the  interarticular  line  to  the  lower  border 
of  the  popliteus,  become,  as  Delbet  puts  it,  "a  veritable  rendezvous 
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of  arteries.' '  In  lower  popliteal  aneurisms  it  is,  therefore,  most 
important  that  the  least  number  of  collaterals  be  sacrificed.  In 
fact,  the  lower  pole  of  the  sac  and  its  outlet  should  be  closely 
watched  when  the  sac  is  opened,  to  prevent  thrombosis  of  the 
terminal  artery  at  its  bifurcation.  The  lower  pole  of  the  sac  should 
always  be  cleared  by  gentle  swabbing  with  a  moist  sponge  dipped 
in  saline  solution,  and  if  a  tendency  to  obstruction  by  clotting  is 
observed,  the  orifice  leading  to  the  lower  pole  should  be  lubricated 
with  aseptic  vaselin,  to  prevent  it.  The  sac  may  fill  up  the  entire 
popliteal  space,  but  it  is  very  unusual  for  it  to  send  prolongations  or 
diverticula  under  the  aponeurotic  bridge  of  the  soleus,  which  defines 
the  boundary  line  between  this  vessel  and  the  branches  to  the  leg. 
Diverticula  often  form  upward,  on  the  inner  side  of  the  condyles, 
and  downward,  between  the  gastrocnemii.  The  popliteal  veins  and 
the  external  saphenous  and  the  popliteal  nerve  soon  become  adherent 
to  the  sac,  which  fuses  with  all  its  surroundings  by  a  gradual  diffuse 
sclerogenic  cellulitis,  causing  neuralgia  and  traumatic  neuritis  from 
compression  of  the  nerves,  and  often  followed  by  trophic  and  vaso- 
motor disturbances.  As  the  tumor  grows,  it  meets  with  the  greatest 
resistance  in  the  lateral  ligaments,  condyles,  intercondyloid  space, 
posterior  surface  of  the  tibia,  and  the  popliteal  aponeurosis  poste- 
riorly. It  is  the  resistance  of  these  tissue  planes  which  gives  form  to 
the  sac  and  flattens  the  spheroid  on  a  level  with  the  deeper  joint 
surfaces.  It  is  also  the  cause  of  the  phenomenon,  which  we  have 
elsewhere  described  as  the  rotation  of  the  sac,  by  which  the  poles  of 
the  aneurism  are  gradually  displaced  either  on  its  meridional  or 
equatorial  planes.  (See  Pathology  of  Aneurism  and  Morphology 
of  Sac,  p.  221.) 

When  these  aneurisms  reach  their  terminal  stages  without  interfer- 
ence, they  stretch  and  absorb  the  ligaments  and  erode  the  bones  until 
they  finally  rupture  into  the  joint  or  externally.  Instead  of  rupturing 
into  the  joint  (hemarthrosis),  the  sac  ruptures  into  the  connective 
tissue,  forming  diverticula,  or  externally,  where  the  popliteal  aponeu- 
rosis has  yielded  and  allowed  the  skin  to  undergo  atrophy  and 
ulceration.  The  lymph-glands  of  the  popliteal  space  are  usually 
enlarged;  thus,  in  cases  of  pulseless  aneurism,  favoring  the  error  of 
mistaking  them  for  malignant  tumors. 

On  opening  the  sac  we  find  usually  two  fundamental  varieties  of 
aneurisms,  previously  referred  to  under  the  head  of  sacciform  and  fusi- 
form aneurisms.  (See  Morphology  and  Classification  of  the  Sac.) 
Between  the  two  types  we  find  innumerable  gradations,  so  it  may  be 
difficult,  at  times,  to  say  positively  whether  it  is  of  the  sacciform  or  of 
the  fusiform  type.  In  the  majority  of  the  cases  the  sac  enlarges  back- 
ward, i.  e.,  between  the  artery  and  the  popliteal  aponeurosis;  in 
others,  laterally,  especially  to  the  inner  side  of  the  knee.  In  a  much 
smaller  number  the  artery  dilates  posteriorly  and  the  sac  forms 
between  the  posterior  ligament  of  the  joint  and  the  vessel,  thus 
lifting  the  main  trunk  from  its  bed  and  raising  it  on  the  convexity 
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of  the  aneurismal  spheroid  to  the  surface.  If  the  operator  is  not 
mindful  of  this  possibility,  he  may  wound  the  artery  with  the  first 
stroke  of  the  knife  on  opening  the  sac.  This  can  be  avoided  only 
by  the  careful  and  deliberate  dissection  of  all  the  tissues  down  to  the 
sac.  The  relative  frequency  of  the  types  of  aneurisms  found  in  the 
popliteal  space  may  be  roughly  estimated  by  the  relative  frequency 
of  the  various  types  of  endo-aneurismorrhaphy  performed  in  50 
carefully  studied  aneurisms  of  this  region,  treated  by  this  method. 
(See  Treatment.)  The  sac  itself  may  be  perfectly  formed,  but  many 
times  it  is  only  complete  at  its  attachment  to  the  artery,  becoming 
thin,  irregular,  and  unrecognizable  in  the  peripheral  and  more  distant 
parts.  Sometimes  the  sac  is  absolutely  adherent  to  the  ligaments 
and  the  bones,  so  that  if  any  attempt  is  made  to  peel  it  off,  the  joint 
may  be  widely  opened.  Under  these  circumstances  the  rigid,  unyield- 
ing, adherent  walls,  and  especially  the  floor  of  the  sac,  cannot  be 
obliterated  by  infolding  or  approximating  its  walls  by  suture,  as  is 
done  in  the  typical  intrasaccular  operation.  The  main  orifices  of 
the  collaterals  can,  however,  always  be  sutured,  after  which  the 
obliteration  of  the  cavity  may  be  accomplished  by  lining  wth  skin- 
flaps  or  by  methods  suggested  under  "Treatment  of  the  Sac,"  p.  276. 

Symptomatology. — The  earlier  effects  of  aneurismal  dilatation  of 
the  popliteal  artery  are  interpreted  by  the  patient  usually  as  a  simple 
hindrance  to  moving  the  knee,  complete  extension  or  flexion  becoming 
especially  difficult  and  painful.  When  the  pressure  signs  begin,  a 
slight  edema  of  the  foot  or  leg,  some  numbness  of  the  foot,  then  sharp 
painful  radiations  to  the  leg,  are  complained  of.  Usually  the  diagnosis 
is  easy  when  the  tumor  is  sufficiently  formed  to  be  felt  near  the 
surface  by  pulsation,  murmur,  and  all  the  characteristic  signs  of 
aneurism. 

Prognosis. — The  usual  evolution  of  popliteal  aneurism  is  rapid; 
the  progress  of  the  tumor  is  sometimes  temporarily  arrested  when 
the  sac  fills  the  space,  but  it  soon  breaks  through  the  resistance  of 
the  aponeurosis.  Spontaneous  cure  is  exceedingly  rare.  Sometimes 
an  apparent  or  symptomatic  cure  is  obtained  by  the  coagulation  of 
the  contents,  leaving  a  simple  channel  which  connects  the  inlet  and 
outlet  of  the  passage.  In  other  cases  the  foot  or  the  leg  becomes 
gangrenous,  just  as  the  sac  is  obliterated  by  clot.  Spontaneous 
gangrene  occurs  more  often  in  the  course  of  the  popliteal  variety 
than  after  any  other  aneurism.  There  are  two  types  of  this  spon- 
taneous gangrene:  First,  that  which  attacks  only  the  foot,  when  the 
gangrene  is  moist,  and  is  due  to  the  blocking  of  the  veins,  as  well  as 
the  arteries.  Second,  more  often  the  gangrene  is  dry,  and  is  limited 
to  the  foot.  Sometimes  the  gangrene  spreads  from  the  foot  to  the 
knee,  the  vein  being  often  thrombosed  from  stasis  and  obstruction 
in  the  neighborhood  of  the  sac. 

Treatment. — During  many  years,  even  down  to  comparatively 
recent  times,  amputation  was  the  only  treatment  applied  for  the  relief 
of  popliteal  aneurism.    Hemorrhage  and  gangrene  were  feared  in  every 
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case.  In  1742  GuSnault  and  Vandemesse  proposed  the  ligation  of 
the  artery  above  the  sac,  but  no  attention  was  paid  to  this  suggestion. 
In  1744  Keyslere  audaciously  incised  a  sac,  thus  reviving  the  old 
Antyllian  operation,  which  hitherto  had  been  applied  only  to  aneu- 
risms of  the  elbow.  He  cured  3  patients.  A  fourth,  however,  suc- 
cumbed. "  Infection,  suppuration,  aseptic  complications  were  inevi- 
table at  that  time,  and  the  great  mortality  attending  any  direct  inter- 
vention on  the  sac  led  to  the  prompt  abandonment  of  Keyslere's 
procedure  and  a  return  to  amputation.  In  1785,  and  only  six  months 
apart,  Desault  and  Hunter  both  practised  and  advocated  the  ligature, 
which  then  became  an  acknowledged  method  of  treatment." 

In  the  discussion  of  the  general  treatment  of  aneurism  we  have 
fully  considered  the  different  methods  of  treating  peripheral  aneurism, 
taking  the  popliteal  variety  as  a  type  and  standard  or  basis  of  com- 
parison. We  have  presented  the  general  statistical  data,  which  are 
necessary  to  institute  a  comparison  between  the  bloodless  and  the 
bloody  or  open  methods  of  treatment.  According  to  Scriba  (1885),  the 
ligature  of  the  femoral  for  popliteal  aneurism  led  to  5.3  per  cent,  of 
gangrenes,  and  of  the  popliteal  itself,  for  the  same  cause,  to  28  per 
cent,  of  gangrenes.  At  the  meeting  of  the  German  Surgical  Society 
of  1892,  following  the  report  of  a  case  of  bilateral  popliteal  aneurism 
treated  by  extirpation,  communicated  by  M.  Schmidt,  who  had  also 
collected  10  similar  cases,  9  additional  cases  of  extirpation  were 
brought  to  light;  in  all,  21  cases  of  popliteal  aneurism  treated  by 
extirpation,  followed  in  2  cases  by  gangrene  requiring  amputation  of 
the  leg,  i.  e.y  9.5  per  cent,  gangrene  (E.  Wolff,  Beit.  klin.  Chir.,  Bd. 
1,  H.  3,  1908),  von  Frisch,  reporting  the  cases  in  von  Eiselsberg's 
clinic  (Archiv.  klin.  Chir.,  Bd.  lxxix.,  1906),  describes  9  aneurisms  of 
the  popliteal  artery, — 5  arterial  and  5  arteriovenous,  of  which  7  were 
treated  by  extirpation,  with  consecutive  gangrene  of  the  limb  in 
2  instances — that  is,  22  per  cent,  gangrenes  following  this  method. 
In  the  Boer  war  Stephenson  reports  that  the  femoral  artery  was 
ligated  40  times  for  traumatic  aneurisms  of  the  femoral  and  popliteal 
vessels,  with  7  gangrenes.  According  to  E.  Wolff  (loc.  cit.),  in  his 
very  comprehensive  study  of  the  effects  of  ligatures  on  the  main 
vascular  trunks,  gangrene  of  the  lower  limb  occurs  in  50  per  cent, 
of  common  iliac  ligations,  in  25  per  cent,  of  common  femoral  ligations, 
in  14.9  of  popliteal  ligations,  in  12.7  of  superficial  femoral  ligations, 
in  11.2  per  cent,  of  external  iliac  ligations.  Werner,  quoted  by 
Nasse  (Deutsch.  Chirurg.,  Lief.  66,  1,  1897),  finds  that  since  1875, 
35  cases  of  popliteal  aneurism  treated  by  excision  or  extirpation  were 
followed  by  a  mortality  of  8.75  per  cent.,  and  gangrenes  in  5.71  per  cent. 

Quoting  from  Delbet's  classic  compilation  of  statistics,  we  may 
recapitulate  the  evidence  in  regard  to  the  methods  of  surgical  treat- 
ment recommended  and  practised  up  to  the  present  time  as  follows: 
The  different  methods  of  compression,  as  applied  to  popliteal  aneurism, 
yielded,  up  to  1888  (preantiseptic  period),  the  following  results: 
223  popliteal  cases:  51.64  per  cent,  cured,  and  48.36  per  cent,  failures, 
including   13   deaths  from  gangrene   and    infection.     Of  the  above 
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223  cases,  73  were  treated  by  Reid's  method  (elastic  bandage),  with 
49.33  per  cent,  recoveries  and  50.67  per  cent,  failures,  including 
5  deaths  (4  from  gangrene  of  the  limb).  Digital  compression  in 
59  cases  yielded  49.15  per  cent,  cured;  50.83  per  cent,  failures. 
Flexion,  49  cases:  36  per  cent,  cured,  64  per  cent,  failures,  including 
1  death  and  2  amputations  for  gangrene. 

Operative  treatment  of  popliteal  aneurisms  from  1884  to  1894 
(aseptic  period). 

Ligation  (Hunterian),  42  cases:  87.5  per  cent,  recoveries;  12.95  per 
cent,  failures.  Of  the  recoveries,  8  were  imperfectly  cured;  10.5  per 
cent,  of  these  had  gangrene  of  the  toes  (5.48  per  cent.) ;  3  out  of  the 
5  failures  had  gangrene  requiring  amputation  of  the  leg. 

Relapses  after  Ligature  in  Popliteal  Cases. — According  to  Delbet, 
4.5  per  cent,  of  the  cases  ligated  relapsed,  and  other  methods  had  to 
be  resorted  to.  In  15  per  cent,  of  the  reported  cases  the  operation 
failed  to  give  complete  relief  because  of  the  persistence  of  the  tumor, 
though  not  pulsating. 

Radical  operation  (same  period),  32  cases:  extirpation  (Purmann's 
operation),  19;  incision  and  packing  (Antyllus),  13.  Results:  cure  of 
aneurism  in  all;  no  deaths. 

Local  Results.  In  10.4  per  cent,  of  the  cases  of  extirpation  super- 
ficial gangrene  of  the  foot  in  patches,  not  requiring  amputation, 
occurred.  In  8.33  per  cent,  of  the  cases  operated  on  by  the  Antyllus 
method  gangrene  followed,  requiring  amputation. 

Against  these  statistics  we  would  oppose  the  result  of  our  first 
series  of  50  cases  of  endo-aneurismorrhaphy  collected  by  myself, 
since  my  first  report  to  the  American  Surgical  Association  in  1902 
(published  in  the  Transactions  for  1902  and  in  the  Annals  of  Surgery, 
February,  1903)  to  June,  1908  (see  Jour.  Amer.  Med.  Assoc,  November 
14,  1908,  vol.  li.).  In  the  50  cases,  10  were  treated  by  the  recon- 
struction of  the  artery  out  of  the  sac-wall  (reconstructive  endo- 
aneurismorrhaphy).  In  8,  the  single  foramen  of  communication, 
leading  from  the  main  trunk  to  the  interior  of  the  sac,  was  closed 
by  suture,  and  the  sac  obliterated  in  the  same  way  without  encroaching 
upon  the  lumen  of  the  vessel  (restorative  endo-aneurismorrhaphy). 
In  32  the  sac  was  obliterated  after  the  suture  of  all  visible  orifices, 
including  the  section  of  the  artery  involved  in  the  aneurism.  These 
50  cases  represent  a  series  of  aneurisms  in  which  those  of  pathologic 
or  so-called  spontaneous  origin  largely  preponderated.  Furthermore, 
the  aneurisms  involved  the  popliteal  artery  in  all  parts  of  its  course, 
but  with  a  preponderance  of  the  middle  and  lower  (popliteocrural) 
variety.  The  results  are:  one  death  from  tetanus,  which  was  not 
attributable  to  the  method;  two  gangrenes  (one  recovered  and  the 
other  died  of  tetanus).  In  both  cases  the  gangrene  possibly  might 
have  been  avoided,  as  the  vein  in  the  two  instances  was  accidentally 
injured  and  ligated  (which  was  not  the  fault  of  the  method).  Second- 
ary hemorrhage  occurred  in  one  reconstructive  operation  six  weeks 
after  the  operation  and  four  weeks  after  the  ligation  of  the  super- 
ficial   femoral.      Relapses:    three    (only    after    the    reconstructive 
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operation),  but  in  one  of  these  a  complete  cure  was  obtained  three 
weeks  after,  by  reopening  the  sac  and  obliterating  it  after  suturing 
the  orifices  that  led  to  the  main  artery. 

Since  this  report  was  submitted  to  the  American  Medical  Asso- 
ciation in  June,  1908,  12  additional  popliteal  aneurisms  operated  on 
by  the  intrasaccular  method  have  been  reported  to  me — all  without 
a  death,  gangrene,  or  relapse.  To  sum  up,  then,  in  62  popliteal 
aneurisms  treated  by  Matas'  method  there  was  one  death,  avoidable, 
and  two  gangrenes  (3.1  per  cent.),  also  avoidable,  and  three  relapses, 
one  of  which  was  cured  by  a  secondary  intrasaccular  operation.  We 
should  also  bear  in  mind  that  in  18  of  the  62  cases,  nearly  30  per 
cent.,  it  was  possible  to  obliterate  the  sac  without  interrupting  the 
continuity  of  the  blood-stream. 

The  simplicity  of  the  intrasaccular  method,  as  compared  with 
extirpation,  and  the  security  it  gives  to  the  limb  when,  as  in  this 
region,  the  essential  features  of  the  intra-aneurismal  technic  can  be 
carried  out  easily,  make  this  the  method  of  election  in  all  cases  in 
which  a  direct  or  radical  intervention  is  indicated. 

In  the  section  on  General  Treatment  I  have  sufficiently  con- 
sidered the  more  recent  suggestions  which  have  been  offered  and 
practised  in  a  few  exceptional  cases  of  popliteal  aneurism.  Thus  the 
methods  of  extirpation  of  the  sac  with  a  lateral  or  circular  suture  of 
the  artery — the  so-called  " ideal  operation"  (Murphy,  Garrfe,  Lexer, 
Martin,  Enderlen) ;  the  operation  in  which  the  aneurism  is  extirpated 
and  a  transplanted  vein  is  substituted  for  the  missing  part  of  the 
artery  (Goyanes'  and  Lexer's  cases);  and  the  method  of  grafting  the 
popliteal  artery,  recently  dissected  from  an  amputated  limb  of 
another  subject  as  a  substitute  for  the  diseased  artery  and  aneurism 
previously  removed  by  extirpation  (Delbet's  case)  are  interesting, 
but  too  hazardous  to  be  regarded  as  anything  more  than  surgical 
experiments  or  adventures,  which  at  best  are  justifiable  only  in  a 
limited  number  of  very  exceptional  cases. 
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MEANS  AND  METHODS  OF  GYNECOLOGIC  EXAMINATION. 

History  Taking. — Before  submitting  a  woman  to  a  physical 
examination,  it  is  extremely  important  that  a  careful  clinical  history 
of  the  individual  should  be  procured.  This  is  of  value  for  several 
reasons: 

In  the  first  place,  it  permits  the  patient  to  become  acquainted 
with  the  physician,  and,  as  the  result  of  a  few  moments'  conversation, 
it  allows  her  to  regain  her  composure  and  calm,  and  thus  prepares 
her  for  the  physical  examination  to  follow.  Besides,  during  the 
collection  of  the  clinical  notes  the  physician  is  enabled,  by  close 
observation  of  the  patient,  to  make  mental  notes  as  to  her  general 
condition.  Furthermore,  a  complete  history  will  be  of  the  utmost 
value  to  the  physician  as  a  record  for  future  reference. 

Careful  observation  during  the  interrogation  of  the  patient  will 
furnish  certain  knowledge  as  to  her  general  condition,  such  as  the 
state  of  her  nutrition,  the  condition  of  her  nervous  system,  and  many 
other  points  bearing  upon  her  case.  However,  no  definite  plan  can 
be  applied  to  all  cases,  and  it  is  well  to  vary  one's  plan  of  collecting 
case  records  according  to  the  temperament  and  condition  of  the 
patient.  Delicacy,  tact,  patience,  and  judicious  questioning  must 
always  be  employed,  and  the  thoughts  of  the  patient  concerning 
her  state  should  be  respected. 

At  the  beginning  it  is  well  to  allow  the  patient  to  recite  her  ver- 
sion of  her  troubles,  and,  after  a  time,  one  may  assume  the  r61e 
of  interrogator  and  thus  obtain  a  complete,  intelligent,  and  permanent 
record  of  the  case. 
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Special  forms  or  blanks  are  recommended  for  recording  the  case 
history,  and  the  card  index  system  is  highly  commendable  and  is 
growing  in  favor. 

The  clinical  history  should  always  consist  of  the  following  data: 
Date  of  consultation;  name  of  patient;  residence:  age;  occupation; 
nationality;  social  state  (married  or  single);  family  history. 

Personal  history,  including  the  history  of  the  functions  of  vital 
systems  of  body,  namely:  Nervous,  circulatory,  skin,  digestive, 
respiratory,  urinary,  menstrual  history,  marital  history,  history  of 
previous  treatment,  history  of  present  trouble. 

If  specially  constructed  record  tablets  or  blanks  are  used,  spaces 
should  be  reserved  for  recording  the  result  of  the  physical  examina- 
tion to  follow  and  for  notes  of  treatment  instituted  and  recommenda- 
tions made. 

The  Date  of  Consultation. — The  recording  of  the  date  of  consulta- 
tion is  important  as  a  matter  for  future  reference  and  from  the  bearing 
it  may  have  on  the  appearance  of  the  next  menstrual  flow,  for  instance: 
if,  upon  examination,  conditions  were  such  as  to  require  operative 
interference,  it  would  be  well,  though  not  absolutely  essential,  to 
conform  one's  plans  so  as  not  to  conflict  with  that  process. 

Residence. — The  place  of  residence  should  be  recorded,  not  only 
as  a  business  matter,  but  in  order  to  determine  the  possible  influence 
of  environment  on  the  general  health  of  the  individual.  The  char- 
acter of  her  home  surroundings  may  have  some  bearing  upon  her 
condition;  individuals  who  live  in  small,  crowded,  ill-ventilated  houses, 
or  in  densely  populated  sections  of  the  city,  or  inhabitants  of  swampy, 
malarial  regions,  are  prone  to  develop  pelvic  disease. 

Age. — The  age  of  the  patient  is  of  the  utmost  importance,  because 
of  the  maladies  incident  to  the  different  seasons  of  a  woman's  life. 
Infancy  and  childhood,  extending  from  the  time  of  birth  to  the 
establishment  of  puberty,  is  a  period  when  congenital  defects  of  the 
genitalia  are  frequently  revealed.  Neoplasms  developing  during 
this  period  are  usually  benign  in  character.  Infections  of  the  geni- 
talia (complicating  the  acute  exanthemata  frequently  develop  during 
this  period;  specific  infection,  particularly  in  little  girls  housed  in 
institutions,  is  not  an  uncommon  occurrence.  Malformations  may 
pass  unnoticed  during  this  period,  but,  with  the  establishment  of 
puberty,  these  conditions  are  usually  disclosed.  Inflammations 
developing  at  this  time  may  extend  to  the  pelvic  viscera,  but  are,  as 
a  rule,  limited  to  the  lower  part  of  tho  genital  canal,  and  rarely  reach 
the  uterus. 

During  the  child-bearing  period  conditions  resulting  from  con- 
genital defects  may  first  be  discovered.  Inflammations  of  the  more 
serious  and  destructive  types  occur,  and  extend  to  and  involve  the 
internal  organs.  Lesions  resulting  from  pregnancy  and  labor,  such  as 
lacerations  and  displacements,  occur  at  this  time.  Neoplasms  of 
all  types  develop  during  this  period,  but  the  most  frequent  are  those 
of  benign  character. 
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With  the  establishment  of  the  menopause,  the  predisposition  of 
malignant  growths  to  develop  should  be  constantly  borne  in  mind, 
and  no  abnormal  condition,  arising  during  this  period  of  a  woman's 
life,  should  be  lightly  regarded.  The  terms:  "You  are  entering  the 
change"  or  " passing  through  the  change"  or  "the  symptoms  you 
complain  of  are  to  be  expected  at  this  time,"  are  too  frequently 
employed  by  the  general  practitioner,  and  often  with  dire  results 
to  the  patient.  Any  unusual  symptom,  arising  at  this  period,  calls 
for  a  careful  and  painstaking  pelvic  examination,  and  the  surgeon 
who  fails  to  institute  this  procedure  is  not  doing  his  full  duty  to  his 
patient. 

The  changes  in  the  pelvic  organs  in  the  latter  years  of  a  woman's 
life  are  those  incident  to  senile  conditions,  and  are  manifested,  princi- 
pally, by  so-called  senile  inflammation.  This  condition  is  most 
frequently  found  in  the  upper  part  of  the  vaginal  canal,  and,  as  a 
result  of  this  process,  marked  distortion,  narrowing,  and  even  oblitera- 
tion of  this  part  of  the  vagina  may  take  place.  This  is  due  to  the 
contraction  of  the  organizing  inflammatory  tissue.  This  process 
may  also  involve  the  cervical  canal,  causing  a  stenosis  of  this  organ, 
resulting  in  an  accumulation  of  secretions  within  the  uteine  cavity, 
dilating  the  organ  and  giving  rise  to  the  formation  of  a  hydrometra, 
pyometra,  or  hematometra,  according  to  the  character  of  the  material 
imprisoned.  Frequently  women  who  have  suffered  for  a  long  period 
with  pelvic  disorders  enjoy  a  period  of  comparative  freedom  from  these 
conditions  at  this  time. 

Occupation. — Occupation  plays  an  important  r61e  in  the  etiology 
and  aggravation  of  gynecologic  affections.  Young  girls,  confined  to 
institutions,  schools,  and  convents,  with  improper  exercise  in  the 
fresh  air,  all  suffer,  more  or  less,  with  pelvic  disturbance,  and  women 
who  are  crowded  in  poorly  ventilated  and  unsanitary  factories  and 
workshops,  with  poor  food,  arduous  duties  in  cramped  and  unhealthy 
positions,  are  prone  to  develop  pelvic  diseases. 

Nationality. — The  African  nace  is  more  frequently  afflicted  with 
fibroid  tumors  than  any  other  race.  It  is  said  that  20  per  cent,  of 
colored  women  who  reach  the  age  of  thirty,  and  that  40  per  cent,  of 
those  who  reach  the  age  of  forty  years,  are  afflicted  with  neoplasms 
of  this  type.  The  Caucasian,  however,  is  more  likely  to  be  afflicted 
with  neoplasms  of  a  malignant  character.  The  Jewish  race  forms 
a  great  proportion  of  the  work  of  the  gynecologist.  This  is  especially 
true  of  the  poorer  classes,  and  the  gynecologic  clinics  of  the  hospitals 
in  the  large  cities  derive  a  great  percentage  of  their  work  from  women 
of  this  race.  The  cause  of  this  condition  is  explained  by  the  con- 
gested and  unsanitary  manner  in  which  they  live,  by  the  careless 
preparation  and  scanty  supply  of  food,  and  from  improper  attention 
during  pregnancy  and  labor,  a  great  proportion  of  Jewish  women 
being  attended,  not  by  skilled  physicians,  but  by  the  uncleanly,  care- 
less midwife. 

Social  State. — The  social  life  of  the  patient  should  be  carefully 
vol.  v— 23 
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interrogated.  It  is  important  to  determine  whether  the  patient  is 
single  or  married.  This  information  will  frequently  save  the  physician 
from  making  embarrassing  blunders  in  asking  questions.  Physicians 
are  often  prone  to  draw  hasty  conclusions  concerning  pelvic  disease 
in  single  women,  but  this  phase  of  the  patient's  life,  while  at  times 
suggestive,  should  never  mislead  the  doctor,  and  he  should  make  his 
diagnosis  only  after  careful  physical  examination. 

Family  History. — Heredity  does  not  play  an  important  part  in 
the  causation  of  pelvic  disorders  of  women,  yet  a  family  history  of 
tuberculosis,  mental  disease,  blood  dyscrasia,  and  malignancy  should 
not  be  underestimated;  however,  one  should  never  be  too  greatly 
influenced  by  it. 

Personal  History. — The  personal  history  should  include  careful 
questioning  concerning  previous  illnesses,  such  as  acute  infectious 
diseases,  injuries,  anemias,  and  all  other  conditions  that  might  have 
some  possible  bearing  upon  the  case.  The  condition  of  the  patient's 
nervous  system  should  be  ascertained.  She  should  be  asked  regarding 
headache,  and  this  should  include  information  regarding  its  character, 
time  of  occurrence,  location,  and  duration.  The  question  of  sleep 
should  also  be  considered;  whether  she  is  troubled  with  nervous  irri- 
tability; symptoms  of  hysteria  and  neurastheina  should  be  noted 
and  recorded;  neuralgias,  their  location  and  character;  mentality, 
as  to  memory,  should  be  inquired  into.  She  should  be  asked  about 
the  condition  of  her  circulation,  whether  she  is  troubled  with  hot 
flushes,  perspiration,  and  palpitation  of  the  heart.  Questions  con- 
cerning the  skin  should  also  be  asked,  as  to  the  presence  of  eruptions 
(character  and  site),  whether  troubled  with  pigmentary  deposits, 
their  character  and  location.  The  condition  of  the  gastro-intestinal 
canal  should  also  be  considered,  such  as  her  appetite;  whether  she  is 
troubled  with  nausea  and  vomiting;  if  so,  the  time  of  its  occurrence 
the  character  of  the  material  vomited,  whether  associated  with  pain, 
and  whether  related  to  the  ingestion  of  food.  The  condition'  of  the 
bowels  should  be  inquired  into,  as  to  diarrhea,  constipation,  bleeding, 
presence  or  absence  of  hemorrhoids,  protrusions  from  the  bowel, 
and  painful  defacation.  The  urinary  system  should  also  be  included, 
as  to  frequency  and  freedom  of  urination;  whether  painless  or  asso- 
ciated with  pain;  if  so,  its  time  and  character.  The  respiratory 
functions  should  also  b?  included. 

It  is  important  to  ask  concerning  the  functions  of  all  vital  systems 
of  the  body,  for  the  relation  they  may  bear  to  the  existing  pelvic 
trouble.  It  is  well  to  remember,  in  this  connection,  the  profound 
influence  that  disease  of  the  pelvic  organs  exerts  on  the  general  sys- 
tems of  the  body,  and  that,  frequently,  abnormal  symptoms  aris- 
ing in  these  systems  may  completely  overshadow  the  local  pelvic 
symptoms  and  lead  the  physician  to  err  in  a  correct  interpretation 
and  diagnosis  of  the  pelvic  lesion.  It  is  not  unusual  to  find  women  to 
have  been  treated  for  "heart  disease,"  "nervousness,"  constipation, 
hemorrhoids,  anemia,  gastritis,  indigestion,  dyspepsia,  kidney  disease, 
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catarrh  of  the  bladder,  and  many  other  ailments,  when  the  true  cause 
of  the  trouble  consisted  in  some  derangement  in  the  organs  of  the 
pelvis. 

It  is  well  to  remember,  too,  that  diseased  states  of  the  vital  sys- 
tems of  the  body  frequently  give  rise  to  marked  disturbance  in  the 
pelvic  viscera,  and  it  behooves  the  examiner,  therefore,  to  consider 
carefully  the  relationship  these  systems  bear  to  the  generative  organs, 
and  vice  versi,  before  establishing  a  positive  diagnosis. 

I  feel  that  it  is  wise  to  warn  the  physician  not  to  attribute  every 
abnormal  disturbance  in  the  great  systems  of  the  body  to  some  minor 
pelvic  condition;  this  is  too  frequently  done.  I  would  emphasize  the 
importance  of  always  making  a  careful  pelvic  examination  in  women 
who  manifest  some  of  the  functional  disturbances  mentioned,  before 
deciding  upon  a  diagnosis. 

Menstrual  History. — The  menstrual  history  should  begin  with  the 
recording  of  its  advent.  The  menstrual  flow  is  usually  established 
earlier  in  women  of  the  blond  type,  in  those  of  warmer  climates,  and 
in  the  city-bred  girl.  The  regularity  of  the  recurrence  of  the  men- 
strual flow  should  be  ascertained.  As  a  rule,  the  process  recurs  every 
twenty-eight  days,  and  this  is  regarded  as  normal.  However,  a 
variation  of  one  or  two  days  is  not  of  special  significance;  indeed,  it 
may  be  normal  for  certain  individuals  to  menstruate  every  twenty-one 
days,  while  others  may  go  a  few  days,  or  even  a  week,  over  the  usual 
period  without  any  ill  effects.  The  duration,  quantity,  and  character 
of  the  flow  should  next  be  considered;  usually,  it  lasts  from  two  to 
eight  days,  the  average  being  about  five  days.  The  quantity  of  blood 
normally  lost  is  said  to  be  from  three  to  nine  ounces,  depending  upon 
the  type  of  the  individual;  the  average  loss  is  about  six  ounces.  The 
duration  of  the  flow  and  the  quantity  lost  do  not  depend  entirely 
upon  the  type  of  the  woman.  Small,  healthy  women  may  lose  con- 
siderably more  blood  than  large,  obese  women.  Indeed,  we  fre- 
quently find  that,  in  the  latter,  the  flow  may  only  last  a  day  or  two, 
being  a  scanty,  pale  colored,  scarcely  perceptible  discharge.  The 
estimation  of  the  quantity  by  means  of  napkins  is  unreliable,  because 
of  the  variations  in  the  habits  of  women  regarding  cleanliness;  as  a 
rule,  three  or  four  napkins  are  used  in  twenty-four  hours — some  women 
use  more,  some  use  less. 

The  menstrual  flow  is  generally  thin,  and  of  a  bright  red  or  of  a 
reddish-brown  color,  and  coagulates  very  slowly,  the  coagulability 
being  delayed  by  the  alkaline  reaction  of  the  uterine  secretions.  Rapid 
coagulation  of  the  menstrual  flow  is  always  regarded  as  abnormal, 
and  the  passage  of  clots  is  indicative  of  the  retention  of  the  fluid  within 
the  uterine  cavity  for  a  sufficient  time  to  allow  clotting  to  take  place. 
Coagulation  may  be  caused  by  the  presence  of  polypi,  fibroid  tumors, 
endometritis,  carcinoma,  and  retained  products  of  gestation. 

When  the  flow  is  a  sort  of  a  syrupy  substance,  it  is  supposed  to 
have  remained  a  long  time  within  the  uterus,  and  the  presence  of 
tissue  fibers  in  the  flow  is  suggestive  of  the  existence  of  degenerating 
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neoplasms.  The  date  of  the  last  menstrual  flow  is  especially  impor- 
tant for  the  bearing  it  may  have  upon  the  presence  of  pregnancy,  and 
this  phase  of  the  menstrual  history  should  always  be  obtained  and 
recorded.  The  date  of  the  total  disappearance  of  the  menstrual  flow 
should  also  be  investigated.  As  a  rule,  it  is  a  variable  one.  The 
complete  cessation  of  this  process  is  spoken  of  as  the  menopause, 
change  of  life,  critical  period,  turn  of  life,  and  climacteric.  In  about 
50  per  cent,  of  women  the  menopause  is  established  between  the 
forty-fifth  and  fiftieth  year;  in  25  per  cent.,  between  the  fortieth  and 
forty-fifth  year;  in  12.5  per  cent.,  before  the  fortieth,  and  in  about 
12.5  per  cent,  after  the  fiftieth  year.  In  a  few  cases  it  may  occur 
between  the  twentieth  and  thirtieth  year,  or  as  late  as  between  the 
sixtieth  and  seventieth  year.  These  late  periods  have  been  men- 
tioned, but  it  is  questionable  if  they  were  physiologic.  It  is  very 
unusual  to  find  a  woman  in  normal  health  menstruating  after  she 
reaches  the  forty-fifth  year.  The  total  disappearance  of  menstruation 
may  take  place  abruptly  or  slowly.  Its  duration  generally  is  from  one 
to  three  years.  The  normal  menstrual  life  of  the  woman,  therefore, 
is  about  thirty-five  years.  Undue  prolongation  of  this  process  should 
always  be  regarded  with  suspicion,  and,  if  possible,  its  cause  should 
be  ascertained  by  a  careful  pelvic  examination. 

Disturbances  of  Menstruation. — Profuse  and  prolonged  men- 
strual flow  is  spoken  of  as  menorrhagia,  and  is  regarded  as  abnormal. 

The  causes  of  this  condition  may  be  classified  into  general  and 
local,  the  general  causes  being  diseased  conditions  of  the  cardio- 
vascular system,  chronic  diseases  of  the  lungs  and  liver,  and  certain 
blood  conditions,  such  as  pernicious  anemia  and  hemophilia.  Menor- 
rhagia also  occasionally  complicates  some  of  the  acute  infectious 
diseases,  and  this  is  particularly  true  of  typhoid  fever. 

The  local  causes  may  be  due  to  lesions  of  the  vulva,  such  as 
inflammations,  ulcerations,  traumatisms,  and  new-growths.  The 
same  conditions  may  exist  in  the  vagina,  in  the  uterus,  in  the  Fallopian 
tubc\s,  ovaries,  and  peri-uterine  tissues.  The  conditions  complicating 
pregnancy  and  the  puerperal  period  as  a  cause  of  bleeding  should  be 
kept  in  mind,  and  the  possibility  of  an  extra-uterine  pregnancy  as  a 
cause  should  always  be  remembered. 

Bleeding  between  the  normal  menstrual  periods  is  called  metror- 
rhagia. This  is  wholly  an  abnormal  process.  The  classification  of 
the  causes  and  site  of  this  condition  are  the  same  as  those  mentioned 
under  Menorrhagia. 

Amenorrhea  is  a  term  applied  to  an  absence  of  the  menstrual  flow. 
The  cause  of  this  may  be  both  physiologic  (as  in  pregnancy)  or  path- 
ologic and  local  or  general,  the  general  causes  being  any  condition 
that  lowers  the  patient's  general  health,  such  as  tuberculosis,  anemia, 
and  malnutrition.  Amenorrhea  is  frequently  present  in  individuals 
recovering  from  severe  illnesses.  It  is  also  commonly  found  in  young 
women  who  are  confined  to  institutions,  such  as  schools,  convents,  and 
unsanitary  workshops.     The  local  causes  of  amenorrhea  may  be  the 
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existence  of  some  congenital  malformation  of  the  genitalia,  such  as 
stenosis  of  the  cervical  or  vaginal  canals  or  an  imperforate  hymen, 
imprisoning  the  menstrual  flow  within  the  uterine  or  vaginal  cavities. 

Menstruation  associated  with  pain  has  been  described  as  dys- 
menorrhea. In  a  certain  number  of  cases  no  pain  or  discomfort  is 
experienced,  but,  in  the  great  majority,  more  or  less  disturbance  is 
complained  of.  The  pain  may  be  of  a  dull,  aching,  bearing-down, 
labor-like  type,  or  it  may  be  sharp,  shooting,  and  lancinating  in  char- 
acter, and  may  be  so  severe  as  to  confine  the  patient  to  bed.  The 
pain  may  be  located  in  the  back  or  loins  or  over  the  region  of  the  lum- 
bosacral joint.  It  may  also  be  situated  in  the  pelvis,  over  the  pubic 
joint,  or  may  radiate  down  the  posterior  aspect  of  the  thighs. 

The  consideration  of  the  time  of  pain  is  regarded  with  special  sig- 
nificance by  some  authors.  Pain  preceding  the  menstrual  flow  by  one 
or  two  days  is  said  to  indicate  a  diseased  state  of  the  ovaries.  Pain 
accompanying  the  flow  is  regarded  as  of  uterine  origin,  and  pain  fol- 
lowing the  cessation  of  the  flow  is  considered  indicative  of  tubal  dis- 
ease. 

In  ascertaining  the  menstrual  history  the  patient  should  be  ques- 
tioned concerning  discharges  taking  place  between  the  menstrual 
periods,  and  discharge  other  than  blood  occurring  during  this  time 
is  called  leukorrhea.  This  condition  is  generally  termed  "the  whites." 
Leukorrhea  may  have  its  origin  in  any  part  of  the  genital  tract  from 
the  vulva  to  the  peritoneal  cavity.  The  most  common  form  of  leu- 
korrheal  discharge  is  a  thick,  tenacious,  white-of-egg  substance,  and 
is  caused  by  inflammatory  action  of  the  glands  of  the  cervix.  It 
may  be  of  a  creamy  consistence  or  yellow  or  greenish  in  color,  due 
to  the  presence  of  pyogenic  germs.  It  may  also  be  of  a  thin,  watery 
character,  indicating  inflammatory  disease  of  the  endometrium. 
This  condition  has  been  called  hydrorrhea.  Between  the  menstrual 
periods  the  discharge  may  be  somewhat  scanty,  increasing  just 
preceding  the  flow  or  following  the  cessation  of  that  process.  It 
may  be  very  profuse  and  constant,  and  extend  over  a  long  period 
of  years. 

The  causes  of  leukorrhea  may  be  divided  into  local  and  general, 
the  general  causes  being  conditions  that  lower  the  normal  state  of 
health  of  the  individual,  such  as  poor  nutrition,  overwork,  unsanitary 
surroundings,  improper  application  of  wearing  apparel,  and  indiffer- 
ence to  hygienic  principles.  The  local  causes  may  be  due  to  inflam- 
matory or  eruptive  diseases  of  the  vulva,  ulcerations,  and  tumors, 
and  these  same  conditions  as  causes  may  be  applied  to  the  organs 
of  the  pelvic  cavity. 

Marital  History. — The  marital  history  should  comprise  the  date 
of  marriage,  whether  early  or  late  in  life,  because  this  feature  may 
have  an  important  bearing  on  the  development  of  diseased  conditions 
in  the  genital  organs. 

The  number  of  pregnancies  should  include  the  number  of  normal, 
full-term,  and  premature  labors.     If  the  surgeon  asks  only  the  number 
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of  children  the  patient  has  had,  the  history  of  premature  births  or 
abortionsmay  be  overlooked,  because  women,  as  a  rule,  try  to  conceal 
their  miscarriages.  Therefore  the  number  of  pregnancies  should  be 
ascertained,  whether  the  children  were  all  born  at  full  term,  or  whether 
some  were  premature;  the  date  of  the  first  and  each  succeeding  labor, 
including  the  date  of  the  last,  should  be  recorded.  The  condition  of 
the  patient  during  her  pregnancies,  as  to  complications,  should  be  in- 
quired into;  the  character  of  the  labors  as  to  duration;  instrumenta- 
tion and  convalescence  should  all  be  carefully  considered.  Concerning 
the  premature  births — their  time  of  occurrence,  time  confined  to  bed, 
cause,  and  recovery;  whether  associated  with  pain  and  fever;  or 
whether  surgical  interference  was  instituted,  should  all  be  carefully 
noted.  Lactation  has  a  most  important  bearing  on  certain  diseases; 
one  should  know  whether  the  patient  nursed  her  children  and  for 
what  length  of  time. 

The  marital  history  should  further  include  a  record  of  the  relation 
of  husband  and  wife,  but  this  should  be  secured  with  great  caution 
and  delicacy.  Coitus  must  be  inquired  into  in  a  certain  number  of 
cases,  and  the  frequency  of  the  act  should  be  elicited,  and  whether 
it  is  associated  with  pain  (dyspareunia).  This  condition  is  a  most 
important  one  in  relation  to  the  happiness  and  health  of  a  woman. 
The  causes  of  dyspareunia  are  awkward  or  ineffectual  attempts  to 
perform  the  act  of  coition;  disproportion  in  the  size  of  the  male  organ 
and  the  vagina;  faulty  development  of  the  female  parts;  inflammatory 
processes  in  the  vulva,  vagina,  cervix,  uterus,  Fallopian  tubes,  ovaries, 
peritoneum,  cellular  tissue;  displacements  of  the  uterus  or  ovaries, 
urethral  caruncle,  tender  carunculse  myrtiformes,  vaginal  fissures, 
ulcerations,  vaginismus,  coccydynia,  hyperesthetic  nerves,  neuromata, 
and  fear  on  the  part  of  the  patient. 

The  marital  history  should  also  include  a  record  of  the  methods 
employed  to  prevent  conception.  This  question  women  frequently 
evade,  and  those  who  practise  it  will  usually  endeavor  to  deceive  the 
doctor.  Whether  the  patient  has  or  has  had  syphilis,  and  especially, 
if  married,  whether  she  may  have  contracted  it  from  her  husband, 
should  be  inquired  into.  Sometimes  the  husband  will  afford  the 
requisite  facts,  but  often  the  wife  is  our  only  source  of  information. 
In  such  cases  great  care  and  tact  must  be  used  to  get  at  the  facts 
without  arousing  the  wife's  suspicions.  We  can  ask  whether  she  has 
suffered  from  sore  throat  or  had  any  severe  inflammation  of  the  eyes, 
any  eruption  over  the  body,  or  if  her  hair  has  fallen  out  or  if  she  has 
had  any  spontaneous  miscarriages.  The  teeth,  both  her  own  and  her 
children's,  should  be  examined.  The  possibility  of  gonorrheal 
infection  should  also  be  kept  in  mind,  and  the  patient  should  be 
questioned  concerning  the  absence  or  presence  of  discharge.  If 
present,  its  relation  to  intercourse  should  be  ascertained.  Its  amount, 
color,  character,  consistence,  and  whether  associated  with  pain  and 
burning,  especially  during  urination,  should  all  be  elicited. 

Present  Trouble. — The   clinical   history   should   also   include   an 
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outline  of  the  existing  trouble.  The  time  of  the  appearance  of  the 
symptoms;  the  character  of  the  symptoms,  the  possible  cause,  aggra- 
vation, whether  increased  or  intensified  by  exercise,  etc.,  should  all 
be  recorded. 

After  the  collection  of  the  above  data,  the  patient  should  be  then 
informed  that,  in  order  to  make  a  positive  diagnosis  of  her  trouble, 
a  careful  physical  examination  is  necessary. 

Physical  Examination.— During  the  collection  of  the  case  his- 
tory the  patient  should  be  gradually  led  to  realize  that  a  careful 
physical  examination  will  be  necessary  in  order  to  arrive  at  a  correct 
diagnosis.  No  greater  error  can  be  made,  on  the  part  of  the  surgeon, 
than  abruptly  and  brusquely  to  inform  the  patient  that  an  internal 
examination  must  be  made. 

While  collecting  the  case  record,  very  great  caution  should  be 
observed  in  asking  questions,  and  the  physician  should  employ  every 
means  to  secure  the  confidence  of  the  patient  and  quiet  her  timidity 
and  nervous  fear.  One  should  always  be  mindful  of  the  fact  that  an 
internal  examination  is  a  source  of  great  distress  and  a  trying  ordeal 
to  the  woman  who  is  not  an  habitual  visitor  to  the  doctor's  office. 
The  physician  should  consider  it  his  bounden  duty  to  respect  the 
sensibilities  of  his  patient,  and  shield  and  protect  her  from  all  unneces- 
sary exposure. 

A  complete  gynecologic  examination  should  include:  first,  a 
general  examination  of  all  the  vital  systems  of  the  body.  One  should 
never  be  hasty,  as  is  too  frequently  the  case,  in  attributing  a  group 
of  certain  general  symptoms  to  some  pelvic  lesion  without  making 
a  pelvic  examination  to  substantiate  this  opinion.  The  systematic 
examination  of  every  important  organ  of  the  body  impresses  the 
patient  and  makes  her  feel  that  she  is  in  safe  and  competent  hands. 

The  general  examination  should  comprise  an  investigation  of  the 
nervous  system — t.  c,  testing  the  reflexes  and  examining  areas  of 
hyperesthesia,  hypesthesia,  and  hysterical  stigmata.  The  condition 
of  the  heart  and  lungs  should  also  be  carefully  investigated.  The 
urine,  preferably  a  catheterized  specimen,  should  be  physically,  chemi- 
cally, and  microscopically  analyzed,  and,  in  many  cases,  a  thorough 
examination  of  the  blood  should  be  made. 

One  of  the  most  important  phases  of  the  general  examination 
is  a  careful  observation  of  the  general  condition  and  deportment  of 
the  patient;  the  general  appearance  and  nutrition  should  be  observed; 
the  character  of  the  skin  should  be  noted,  whether  she  is  pale  or 
anemic,  rosy-cheeked  and  plethoric,  or  apathetic  and  cachectic* 
Pigmentations  and  eruptions,  if  present,  should  be  also  examined. 
The  physician  should  note,  while  the  patient  is  walking  or  standing, 
whether  locomotion  is  normal  or  whether  any  deformities  exist  in 
the  spine,  pelvis,  or  lower  extremities. 

After  the  completion  of  the  general  examination,  which  may 
successfully  be  accomplished  in  the  consulting  room,  the  patient 
should  be  prepared  for  the  examination  of  the  abdominal  and  pelvic 
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viscera.  This  should  include  an  external  and  an  internal  examination, 
a  combined  examination,  rectal  examination,  vesical  examination, 
instrumental  examination,  examination  under  anesthesia,  and,  in 
obscure  cases,  the  above  may  be  associated  with  dilatation  and 
digital  exploration  of  the  uterine  cavity,  test  curetment,  test  excision, 
bacteriologic  examination,  x-ray  examination,  and  exploratory 
incision. 

Preparation  of  the  Patient. — The  physician  who  practises  gyne- 
cology should  provide  a  suitable  room  for  this  type  of  work.  The 
room  should  be  well  lighted,  heated,  and  ventilated,  and  should  be 
provided  with  a  toilet  room.  The  preparation  for  a  local  examina- 
tion, whenever  possible,  should  be  placed  in  the  hands  of  a  tactful 
and  intelligent  trained  nurse.  This  is  important  for  the  reason  that 
the  patient  will  derive  additional  comfort  and  security  by  the  nurse 
assuring  her  that  every  effort  will  be  made  not  to  expose  her  unduly 
and  that  means  will  be  taken  .not  to  inflict  pain  or  discomfort.  More- 
over, the  presence  of  the  trained  nurse  or  a  third  party  may  be  a 
most  important  source  of  protection  to  the  surgeon  against  the 
unscrupulous  blackmailer. 

The  duties  of  the  nurse  should  consist  in  removing  and  arranging 
the  patient's  clothing  and  in  seeing  that  the  bowel  arid  bladder  are 
completely  empty.  Nothing  is  more  trying  to  the  physician  than 
to  find  the  patient  on  the  table  with  her  clothing  suitably  arranged, 
and,  on  introducing  the  examining  finger  into  the  vagina,  find  the 
bladder  greatly  distended  or  the  rectum  filled  with  fecal  matter. 
A  correct  interpretation  of  pelvic  disease  cannot  be  made  if  such  a 
condition  exists,  and  it  would  be  greatly  embarrassing  to  the  patient 
to  have  her  visit  the  toilet  after  all  other  preparations  have  been 
made.  If  possible,  the  examination  should  be  arranged  for  in 
advance,  and  the  patient  be  instructed  to  have  the  bladder  and  bowel 
empty. 

The  nurse  should  carefully  place  the  patient  on  the  examination 
table.  After  the  patient  is  placed  in  the  proper  position  upon  the 
table,  the  clothing  should  be  removed  from  the  abdomen  and  a  clean 
white  sheet  should  be  placed  over  the  pelvis  and  lower  extremities, 
and  another  over  the  thorax  and  upper  abdomen.  The  sheets  should 
join  in  the  midabdomen;  these  can  be  easily  separated  by  the  sur- 
geon when  the  examination  begins.  If  the  external  parts  are  soiled 
by  discharges,  they  should  be  cleansed  by  the  nurse  with  warm  boric 
solution,  and  if  a  vaginal  discharge  exists,  the  patient  should  receive 
a  warm  vaginal  douche. 

Before  beginning  the  external  examination  the  physician  should 
carefully  cleanse  and  warm  his  hands,  and  the  nails  should  be  trimmed 
short  and  made  smooth.  As  a  rule,  and  in  all  cases  of  possible  cancer, 
syphilis,  and  gonorrhea  rubber  gloves  should  be  worn. 

The  patient  should  be  placed  upon  her  back,  with  the  head  slightly 
elevated  on  a  pillow,  and,  at  first,  the  extremities  may  be  extended. 

The  examination  should  begin  with  a  careful  inspection  of  the 
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breasts:  their  size,  color*  and  condition  of  the  nipples;  the  presence 
of  general  or  local  swellings,  and  while  palpating  these  organs  for 
tender  areas  or  enlargements,  pressure  should  be  made  with  both 
hands  from  the  periphery  toward  the  nipple,  in  order  to  determine 
the  presence  or  absence  of  secretion.  The  condition  of  papillae  around 
the  nipples  should  also  be  investigated,  and  the  presence  or  absence 
of  pigment  should  be  noted.  Frequently  the  breast  examination 
may  be  incidentally  carried  on  during  the  general  examination  of  the 
chest. 

Next  there  should  be  a  general  systematic  inspection  of  the 
anterior  abdomen.  The  condition  of  the  skin  should  be  observed; 
if  it  is  pigmented,  note  its  site  and  character.  The  presence  of  lineae 
striatse,  whether  old  or  recent,  due  to  overstretching  of  the  abdominal 
walls  by  pregnancy  or  intra-abdominal  tumors,  fluids,  etc.,  should  be 
ascertained.  The  nutrition  of  the  parts  whether  thin  and  flaccid  or 
fatty  and  pendulous,  should  also  be  observed.  The  general  contour 
of  the  abdomen  should  be  noticed — whether  large  from  side  to  side; 
whether  the  enlargement  changes  with  the  position  of  the  patient; 
whether  the  enlargement  is  prominent  in  the  median  line;  if  so,  its 
character;  whether  regular  and  smooth,  as  in  pregnancy  and  ovarian 
cysts,  or  irregular  and  nodular,  as  in  fibroid  tumors.  The  condition 
of  the  recti  muscles  should  be  noted — whether  bulging  takes  place  in 
the  median  line  on  straining.  Observation  should  be  made  of  the 
umbilicus,  whether  retracted,  distended,  or  the  seat  of  secretion  or 
dirt;  the  veins,  whether  normal  or  prominent,  and  distended,  as  in 
ovarian  tumors,  pulsations  of  the  aorta,  fetal  movements,  or  intes- 
tinal peristalsis.  The  results  of  respiration  on  the  abdominal  contents 
may  be  seen,  and  the  presence  and  character  of  discolorations  and 
eruptions  may  be  determined. 

Abdominal  Palpation. — For  the  performance  of  abdominal  pal- 
pation the  patient  should  be  placed,  first,  upon  her  back,  but  if  it  is 
desirable  to  note  the  influence  of  change  of  position  on  the  contents 
of  the  abdominal  cavity,  the  erect,  lateral,  or  knee-chest  position  may 
be  utilized.  In  all  instances  the  examination  should  be  made  in  a 
careful  and  systematic  manner.  The  abdomen  may  be  geographically 
outlined  into  four  quadrants,  and  each  quadrant  should  be  palpated 
methodically.  As  stated  in  a  previous  paragraph,  the  hands  of  the 
examiner  should  be  warm,  and  the  finger-nails  cut  short  and  made 
smooth.  Both  hands  should  be  used,  and  the  pressure  made  should 
not  be  digging  and  penetrating,  but  with  the  palmar  surfaces  of  the 
fingers,  and  in  as  gentle  a  manner  as  possible.  The  attention  of  the 
patient  should  be  distracted  from  the  hands  of  the  examiner  by  asking 
questions  concerning  some  other  portion  of  the  body,  and  she  should 
be  instructed  not  to  resist,  but  to  relax  and  breathe  deeply  with  her 
mouth  open. 

Palpation  should  first  begin  in  the  upper  abdomen,  and  the 
presence  or  absence  of  rigidity,  tenderness,  or  abnormal  prominences 
should  be  elicited.     The  condition  and  consistence  of  the  abdominal 
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walls,  whether  thick,  fatty,  or  flaccid  and  relaxed,  should  be  deter- 
mined. If  tenderness  is  manifested,  one  should  determine  its  true 
nature  and  possible  origin,  whether  due  to  nervousness  or  organic 
trouble.  If  the  patient  complains  on  slight  pressure,  her  mind 
should  be  occupied  by  asking  questions,  and  if  deep  pressure  is 
tolerated,  one  is  justified  in  excluding  inflammatory  trouble.  The 
viscera  of  the  right  hypochondrium  should  be  palpated,  and  the 
condition  of  the  gall-bladder  determined.  The  mobility  of  both 
kidneys,  especially  of  the  right,  should  be  examined  by  requesting 
the  patient  to  take  a  long  deep  inspiration  with  the  thighs  flexed 
upon  the  abdomen.  If  the  lower  pole  of  the  organ  is  felt  to  emerge 
below  the  margin  of  the  ribs,  the  condition  should  be  regarded  as 
physiologic;  if  the  kidney  should  reach  a  lower  level  on  deep  inspira- 
tion, undue  mobility  is  present.  The  umbilicus  should  be  palpated 
in  order  to  determine  whether  it  is  patulous  or  the  seat  of  a  hernia. 
The  recti  muscles  should  be  palpated  in  order  to  determine  the  presence 
or  absence  of  rigidity,  tenderness,  and  whether  they  are  separated 
and  in  a  state  of  diastasis. 

Palpation  will  reveal  the  thickness  of  the  abdominal  walls,  the 
presence  of  tumors  and  accumulations  (their  size,  shape,  mobility, 
consistence,  possible  character,  number,  and  origin).  Fat  in  the 
abdominal  wall  is  frequently  confounded  with  intraperitoneal  growths, 
but  this  substance  can  be  raised  or  lifted  up  in  great  folds,  and  thereby 
be  differentiated.  Tumors  of  the  abdominal  walls  move  with  the 
walls,  and  may  be  lifted  up  with  the  tumor.  Fetal  parts  and  fetal 
movements  may  also  be  felt. 

Percussion. — Percussion  is  employed  as  an  auxiliary  to  palpation. 
It  is  chiefly  used  to  distinguish  the  tympanitic  note  of  the  stomach 
and  intestines  and  the  flat  sound  over  a  tumor  or  an  accumulation  of 
fluid.  Tumors  in  close  contact  with  the  abdominal  wall  are  flat  on 
percussion.  In  exceptional  cases,  where  there  is  gaseous  decom- 
position of  an  ovarian  cyst  or  an  ectopic  gestation  sac,  the  note  is 
tympanitic.  Tumors  covered  with  loops  of  bowel  may  also  give  a 
tympanitic  percussion-note.  In  ascites,  providing  the  mesentery 
is  unretracted,  tympany  is  found  in  the  median  line,  with  dulness  in 
the  flanks.  This  is  due  to  the  intestines  floating  on  the  ascitic  fluid. 
In  ovarian  tumors  dulness  or  flatness  is  present  in  the  median  line, 
and  tympany  is  elicited  in  the  flanks  and  above  the  tumor,  due  to  the 
crowding  of  the  bowels  into  these  locations. 

Auscultation. — As  a  method  of  examination  in  gynecology,  auscul- 
tation is  of  little  value,  except  in  the  diagnosis  and  differential  diagno- 
sis of  pregnancy.  It  is  used  more  particularly  for  the  purpose  of 
eliciting  fetal  heart-sounds,  fetal  movements,  and  the  uterine  bruit. 
Other  auscultatory  phenomena  are  the  intestinal  noises  and  arterial 
sounds,  but  these  have  little  or  no  bearing  on  gynecologic  diagnosis. 

Mensuration. — This  method  may  be  of  value  in  the  diagnosis  of 
abdominal  enlargements,  and  may  be  employed  as  a  means  of  deter- 
mining the  rate  of  growth  of  an  abdominal  swelling.     Exact  measure- 
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ments  are  difficult  to  obtain  on  account  of  the  variable  degrees  of 
distention  of  the  intestine  and  of  the  abdominal  tumor.  Measure- 
ments may  be  taken  by  the  ordinary  tape-measure,  and  this  may  be 
made  at  the  greatest  circumference,  the  circumference  at  the  level 
of  the  navel,  and  the  distance  from  the  ensiform  cartilage  to  the  pubes, 
also  from  the  umbilicus  to  the  anterior  superior  spine  of  the  ilium  on 
either  side,  and  from  the  linea  alba  to  the  spines  of  the  vertebra.  It 
is  important  that  the  same  position  should  be  assumed  in  taking  all 
subsequent  measurements  for  the  purpose  of  comparison. 

Vaginal  Examination.— The  statement  frequently  made  that 
the  routine  inspection  of  the  external  genitals  is  unnecessary  is  erron- 
eous, and  should  be  condemned  because  lesions  may  exist  in  the 
external  genitalia  and  vaginal  outlet  which  may  pass  wholly  unrecog- 
nized by  the  palpating  finger.  Indeed,  in  my  judgment  more  informa- 
tion may  be  gained  concerning  the  external  structures  and  vaginal 
outlet  by  close  inspection  than  by  careless  unobserved  palpation. 
Not  infrequently  surgeons  introduce  the  examining  fingers  into  the 
vaginal  canal  without  inspecting  the  external  parts,  and  thus  fail  to 
discover  congenital  defects,  lesions  of  Bartholin's  glands,  eversion 
of  the  vaginal  walls,  tumors  about  the  vestibule  and  urethra,  and 
many  other  conditions. 

The  external  examination  should  never  be  considered  complete 
without  a  close  inspection  of  the  parts.  Inspection  can,  however, 
be  instituted  while  the  digital  examination  is  being  performed,  and 
by  this  method  the  presence  or  absence  of  malformations,  inflamma- 
tions, eruptions,  ulcerations,  tumors,  benign  or  malignant,  edema, 
discolorations,  lesions  of  the  urethra,  vaginal  walls,  perineum,  and 
anus  may  be  determined.  The  color,  consistence,  quantity,  and 
general  character  of  discharges  will  also  be  observed.  For  the 
performance  of  digital  exploration  of  the  vagina  the  patient  should 
be  placed  in  the  dorsal  position,  and  the  external  parts  and  extremities 
should  be  surrounded  with  clean  white  sheets  or  thin  coverlets. 
Unnecessary  exposure  should  be  avoided.  The  surgeon  should  thor- 
oughly cleanse  and  warm  his  hands,  and  the  finger-nails  should  be 
closely  trimmed  and  made  smooth.  If  a  profuse  vaginal  discharge 
is  present,  the  parts  should  be  cleansed  with  warm  boric-acid  solution, 
and,  in  certain  instances,  a  warm  vaginal  douche  should  be  given. 
If  suspicious  discharges  or  ulcerations  exist,  the  physician  should 
protect  himself  by  the  application  of  rubber  gloves.  Indeed,  in  my 
opinion  it  is  best  to  use  rubber  gloves  in  all  vaginal  examinations. 
The  bladder  and  rectum  should  have  been  thoroughly  emptied,  and 
the  exploring  finger,  before  being  introduced,  should  be  lubricated 
with  olive  oil  or  Castile  soap  and  water.  This  latter  method  of 
lubrication  has  the  advantage  in  that  it  does  not  soil  the  patient. 
The  hips  of  the  patient  should  be  brought  to  the  edge  of  the  table, 
and  the  examiner  should  stand  between  her  thighs,  with  his  left  foot 
resting  on  the  steps  of  the  examining  table  or  on  a  suitable  stool. 
The  first  two  fingers  of  the  right  hand  should  be  used,  and  the  thumb, 
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avoiding  the  urethra,  clitoris,  and  anterior  tender  structures,  should 
ride  over  the  curve  of  the  groin,  while  the  ring  and  little  fingers  should 
be  extended  and  made  to  follow  the  curve  of  the  perineum.  By  this 
means  the  perineum  and  coccyx  are  pushed  upward  and  inward, 
thus  allowing  the  further  introduction  of  the  vaginal  fingers.  Before 
introducing  the  examining  fingers,  however,  the  labia  should  be 
separated  by  the  thumb  and  index-finger  of  the  left  hand.  The 
examining  fingers  should  be  made  to  follow  the  posterior  vaginal  wall, 
and  pressure  anteriorly  should  be  avoided.  In  virgins  and  in  women 
with  small,  sensitive  vaginal  canals,  the  forefinger  alone  should  be 
used.  Digital  exploration  will  reveal  the  presence  or  absence  of 
congenital  defects,  tenderness,  consistence  of  secretions,  condition  of 
the  hymen,  and  the  carunculae  myrtiformes,  tonicity  or  degree  of 
relaxation  of  the  vaginal  walls,  condition  of  the  vaginal  rugae,  tem- 
perature, integrity  of  the  perineum,  presence  or  absence,  size  and 
consistency,  of  swellings  and  neoplasms,  state  of  the  urethra  and  the 
posterior  bladder-wall  and  ureters,  condition  of  the  rectum,  and  the 
presence  or  absence  of  urethral,  vaginal,  or  vulvar  discharges.  The 
shape,  size,  regularity,  position,  and  mobility  of  the  cervix  may  also 
be  determined.  The.  condition  of  the  external  os,  whether  the  seat 
of  lacerations,  if  so,  their  extent,  and  the  presence  or  absence  of 
nodules,  tumors,  or  projections  from  the  external  os,  may  also  be 
ascertained.  Vaginal  palpation  will  reveal  the  condition  of  the 
vaginal  fornices  as  to  depth,  direction  of  curves,  tenderness,  rigidity, 
and  induration.  This  procedure  will  also  disclose  the  size,  regularity, 
consistence,  position,  and  mobility  of  the  uterus,  and  conditions  in 
the  uterine  appendages  may  be,  in  certain  instances,  recognized. 
The  condition,  however,  of  the  organs  above  the  vaginal  fornices  can 
best  be  determined  by  bimanual  examination. 

The  Combined  or  Bimanual  Examination. — This  is  the  most 
valuable  method  of  eliciting  knowledge  concerning  the  organs  of  the 
pelvis.  Several  different  kinds  of  combined  methods  may  be 
employed,  such  as  the  abdominovaginal,  abdominovesical,  abdomino- 
rectal,  abdominovesicovaginal,  abdominorectovaginal,  and  abdomino- 
vesicorectovaginal.  The  most  commonly  employed  is  the  abdomino- 
vaginal, and  this  is  the  most  reliable  method  of  exploring  the  pelvic 
cavity  (Fig.  106).  In  order  to  perform  the  abdominovaginal  examina- 
tions successfully  the  vaginal  canal  must  be  comparatively  roomy,  its 
walls  must  be  elastic  or  relaxed,  and  the  depth  of  the  canal  must  not  be 
too  great,  as  is  frequently  the  case  in  large,  obese  women.  Besides 
the  above,  the  abdominal  wall  must  be  thin,  relaxed,  and  free  from 
tenderness.  In  individuals  with  thick,  fatty,  pendulous  or  rigid, 
resisting,  tender  abdominal  walls,  the  bimanual  procedure  cannot  be 
satisfactorily  performed  without  an  anesthetic.  Indeed,  in  my 
judgment,  it  would  be  better  to  employ  an  anesthetic  in  the  great 
majority  of  pelvic  examinations.  Some  of  the  shorter  anesthetics, 
such  as  nitrous  oxid,  ethyl  bromid,  or  ethyl  chlorid,  may  be  used. 
These,  however,  do  not  entirely  overcome  resistance  and  rigidity,  and 
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the  latter  agent  is  not  without  danger.  If  there  are  no  contraindica- 
tions, I  feel  that  short  chloroform  anesthesia  will  afford  the  best 
service.  The  bimanual  method  is  best  performed  with  the  patient 
in  the  dorsal  position.  The  general  preparation  of  the  patient  and 
hands  of  the  examiner  should  be  the  same  as  that  described  in  the 
preparation  for  the  simple  vaginal  examination.  The  labia  should 
be  separated  with  the  thumb  and  index-finger  of  the  left  hand.  Two 
fingers  of  the  right  hand  are  then  introduced  into  the  vagina.  The 
palmar  surface  of  the  left  hand  is  then  made  to  compress  the  abdominal 


Fio.  106. — Showing  Position  of  Hands  in  Performance  of  the  Abdominovaginal  Examina- 
tion. 


wall,  beginning  above  the  umbilicus,  and  gradually  working  downward 
toward  the  pubic  joint.  The  pressure  should  be  light  and  gentle, 
in  order  not  to  excite  the  abdominal  muscles  to  contract.  If  there 
is  a  tendency  to  nervous  spasm  or  rigidity  of  the  muscles,  the  patient 
should  be  directed  to  breathe  gently  with  the  mouth  wide  open. 
She  may  also  be  advised  to  take  long,  deep  inspirations  and  then  allow 
the  air  slowly  to  escape.  By  these  means  deep  palpation  may  success- 
fully be  accomplished.  It  is  important  to  remember  that  the  abdomi- 
nal hand  should  not  exert  pressure  immediately  behind  the  symphysis, 
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because  in  so  doing  the  position  of  the  uterus  may  be  changed  and 
an  erroneous  diagnosis  made. 

In  every  case  the  examiner  should  keep  in  mind  the  various 
organs  and  conditions  to  be  investigated,  and  the  examination  should 
be  conducted  in  a  thoroughly  systematic  manner.  Symptoms 
suggesting  the  existence  of  disease  in  a  single  organ  should  not  lead 
the  physician  to  direct  his  methods  of  examination  to  that  organ 
alone,  but  each  organ  in  turn  should  be  investigated  methodically. 
The  bimanual  procedure  will  reveal  the  condition  of  the  vaginal 
walls,  the  presence  or  absence  of  tenderness,  discharges,  ulcerations, 
indurations,  malformations,  and  tumor  formations  in  that  canal. 
By  this  method  the  sensibility,  size,  regularity,  consistence,  and 
mobility  of  the  cervix  may  be  determined.  Combined  examination 
will  also  disclose  the  exact  position  of  the  uterus,  its  size,  regularity, 
consistence,  mobility,  and  relation  to  surrounding  organs.  The 
Fallopian  tubes  may  also  be  examined  with  regard  to  the  same 
conditions.  Ordinarily,  the  normal  tubes  are  not  palpable,  except  in 
women  with  thin,  relaxed  abdominal  walls  and  distensible  vaginal 
walls.  They  are  then  recognized  as  small,  rounded  cords  between 
the  examining  fingers.  When  the  Fallopian  tubes  are  readily  pal- 
pable, it  usually  indicates  the  presence  of  some  pathologic  process. 
Bimanual  exploration  will  also  reveal  the  condition  of  the  ovaries  as 
to  size,  shape,  position,  mobility,  and  consistence.  In  women  with 
thin,  relaxed  abdominal  walls,  these  organs  may  be  palpated.  They 
are  recognized  as  small,  oval,  tender  masses  on  each  side  of  the  uterus. 
The  ligaments  of  the  ovaries  are  not  palpable.  The  pelvic  peritoneum 
and  pelvic  cellular  tissue  may  also  be  explored  by  the  bimanual 
method,  concerning  deposits,  collection  of  fluids,  tenderness,  neo- 
plasms, adhesions,  and  old  cicatrices.  By  the  bimanual  procedure 
the  base  of  the  bladder  may  be  investigated  and  the  presence  or 
absence  of  distention,  inflammatory  deposits,  tenderness,  fistulse, 
calculi,  and  tumors  may  be  determined.  The  condition  of  the 
ureters  may  be  recognized,  and  when  these  organs  are  enlarged, 
firm,  and  tortuous,  tuberculous  infection  should  be  suspected.  The 
rectal  wall  may  also  be  examined  with  the  vaginal  fingers,  and  the 
presence  of  tenderness,  fecal  accumulation,  inflammatory  induration, 
fistulous  tracts,  adhesions,  and  tumors  may  be  revealed.  The  depth 
and  condition  of  the  vaginal  fornices  can  be  determined,  and  the  size 
and  condition  of  the  birth  canal,  as  to  deformities,  may  be  ascer- 
tained. The  abdominovaginal  examination  offers  the  best  means 
of  differentiating  various  forms  of  pelvic  tumors,  and  by  this  method 
their  location,  size,  form,  mobility,  consistence,  rate  of  growth,  and 
relation  to  surrounding  organs  may  be  ascertained.  In  the  investi- 
gation of  enlargements  and  tumors,  in  order  to  determine  their 
relation  to  the  surrounding  structures,  the  method  of  Schultze  may 
be  employed  to  advantage.  This  consists  in  having  an  assistant 
elevate  the  tumor,  by  pressure  through  the  abdominal  wall,  while 
traction  is  made  upon  the  cervix  with  a  double  tenaculum.     The 
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examiner,  then,  with  two  fingers  in  the  vagina  and  the  left  hand 
pressing  over  the  abdomen,  may  outline  the  pedicle  of  a  growth  and 
determine  its  origin  and  relation. 

The  Abdominorectal  Examination. — This  method  of  exploration 
(Fig.  107)  is  usually  employed  in  virgins.  It  must  be  resorted  to  in 
congenital  defects  of  the  vagina,  in  vaginismus,  where  the  vaginal  canal 
is  obstructed  by  tumors,  and  in  case  of  an  imperforate  hymen.  This 
method  is  also  used  in  studying  the  condition  of  the  coccyx,  rectum, 
and  rectovaginal  septum.  It  offers  the  best  approach  to  the  organs 
above  the  vaginal  vault.  Exploration  by  this  method  will  further 
reveal  the  condition  of  the  rectal  canal,  the  posterior  vaginal  walls, 


Fig.  107. — Abdominorectal  Examination. 
Rectal  finger  palpating  a  small  subserous  fibroid  tumor. 

cervix,  posterior  and  fundal  surfaces  of  the  uterus,  uterosacral  liga- 
ments, broad  ligaments,  Fallopian  tubes,  ovaries,  posterior  wall  of 
the  pelvis,  and  the  possible  character  of  pathologic  processes  that 
may  arise  in  these  structures. 

The  abdominovesical,  abdominovesico vaginal,  and  abdomino- 
vesicorecto vaginal  examinations  are  used  principally  to  investigate 
lesions  of  the  bladder,  but  these  methods  are  rather  infrequently 
employed.  It  is  important  to  remember  that  the  performance  of 
the  bimanual  examination  must  always  be  conducted  with  extreme 
care.  This  is  especially  true  in  the  presence  of  the  acute  inflam- 
matory conditions,  in  distended  pus-tubes,  in  ectopic  pregnancy,  in 
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thin-walled  ovarian  cysts,  and  in  cases  of  advanced  cervical  carci- 
noma. 

Rectal  Examination. — The  examination  of  the  pelvic  structures 
through  the  rectum  should  be  made  in  all  difficult  and  unsatisfactory 
vaginal  examinations.  The  conditions  calling  for  the  employment 
of  this  method  are  a  congenital  or  acquired  absence  or  atresia  of  the 
vagina,  a  narrow,  shallow,  rigid,  tender  vaginal  canal,  tumors  filling 
the  vagina,  vaginismus  in  virgins  with  intact  hymen,  and  in  proci- 
dentia and  in  inversion  of  the  uterus.  This  method  may  be  employed 
with  the  patient  in  the  Sims',  the  knee-chest,  or  preferably  the  dorsal 
position.  The  index-finger  should  be  used,  and  it  should  be  lubri- 
cated with  olive  oil  or  Castile  soap,  and  introduced  into  the  rectum 
with  a  rotary  movement.  The  conditions  revealed  by  this  method 
are  the  tonicity  and  integrity  of  the  sphincter  muscles,  the  presence 
of  abscence  of  fissures,  polypi,  hemorrhoids,  and  new  formations. 
The  structure  of  the  posterior  vaginal  wall,  cervix,  posterior  uterine 
and  fundal  wall,  the  tubes  and  ovaries,  when  enlarged  and  prolapsed, 
the  base  of  the  broad  ligaments,  may  be  investigated.  Through 
this  channel  the  condition'of  the  sacrum  and  coccyx  can  be  ascertained. 
It  has  been  stated  that  the  index-finger  is  generally  employed  in  the 
performance  of  this  method,  and  this  will  give  satisfactory  results. 
Simon  has  recommended  the  introduction  of  the  entire  hand,  but 
this  procedure  is  almost  never  indicated,  and  never  should  be  used 
by  a  surgeon  with  a  large  hand.  It  is  not  without  danger,  and, 
therefore,  has  been  largely  discarded.  Instrumental  examination 
of  the  rectum  may  be  made  by  the  various  forms  of  rectal  specula, 
but  the  best  instrument  to  employ  is  the  proctoscope.  This  has  the 
advantage  that  the  rectal  canal  may  be  distended  or  ballooned  with 
air,  thorough  illumination  can  be  secured,  and  complete  exposition 
of  the  rectal  mucosa  obtained. 

Vesical  Examination. — Many  methods  are  used  for  the  purpose 
of  investigating  the  state  of  the  urethra  and  bladder.  Frequently 
ordinary  inspection  of  the  external  orifice  of  the  urethra  will  reveal 
the  cause  of  vesical  irritation,  such  as  eversion  of  the  urethral  mucosa, 
urethral  caruncle,  and  infection  about  the  meatus  and  the  openings 
of  Skene's  glands. 

The  performance  of  the  bimanual  examination  frequently  enables 
the  surgeon  to  ascertain  facts  regarding  the  consistence,  sensitive- 
ness, mobility,  and  relationship  of  the  bladder  and  the  ureters. 
Palpation  through  the  anterior  vaginal  wall  will  also  disclose  the 
presence  of  induration  of  the  base  of  the  bladder,  and,  by  this  means, 
vesical  calculi  may  also  be  discovered. 

The  interior  of  the  bladder  may  be  investigated  by  the  introduction 
of  metal  sounds,  and  this  procedure  would  reveal  the  presence  of  any 
solid  foreign  body,  particularly  stones. 

Dilatation  and  digital  exploration  of  the  interior  of  the  bladder 
is  occasionally  employed,  but  not  to  the  extent  it  formerly  was.  To- 
day this  method  is  more  or  less  obsolete,  and  is  largely  supplanted 
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by  direct  inspection  of  the  bladder  cavity  through  the  speculum  or 
cystoscopy  Moreover,  dilatation  and  digital  exploration  of  the 
bladder  is  not  without  danger,  and  it  is  said  that  it  cannot  be  per- 
formed in  young  girls  or  elderly  women  without  great  risk  of  perma- 
nent injury  to  the  urethral  canal,  with  possible  incontinence  of  urine 
as  a  sequel,  and,  indeed,  this  unfortunate  condition  may  occur  in 
women  between  these  age  limits.  Besides,  in  the  great  majority  of 
instances,  information  derived  from  palpation  of  the  interior  of  the 
bladder  is  inferior  to  direct  observation. 

Direct  inspection  of  the  cavity  of  the  bladder  may  be  obtained 
by  the  use  of  a  small,  tubular  speculum,  with  reflected  light  or  with  a 
speculum  containing  an  electric  light  in  the  vesical  end.  By  the  use 
of  these  instruments  the  bladder  is  distended  with  air,  and  thus  a 
complete  exposition  of  the  vesical  mucosa  is  secured.  In  this  proce- 
dure a  general  anesthetic,  as  a  rule,  should  be  employed,  and  scrupu- 
lous antisepsis  should  be  observed.  The  best  position  is  the  elevated 
dorsal  or  lithotomy  posture,  although  the  genupectoral  may  be 
utilized  with  advantage  in  certain  cases.  Before  the  introduction 
of  the  speculum  the  urethra  should  be  dilated  by  the  ordinary  gradu- 
ated bougies  or  the  graduated  cylindric  specula  may  be  used  for  this 
purpose.  The  most  satisfactory  method  of  examining  the  interior 
of  the  bladder  is  by  means  of  the  cystoscope.  This  subject  has  been 
fully  discussed  in  Vol.  IV.,  p.  285. 

Instrumental  Examination. — The  principal  instruments  used 
in  a  gynecologic  examination  are  the  speculum,  the  tenaculum,  and 
the  sound. 

The  vaginal  speculum  may  be  composed  of  wood,  glass,  hard 
rubber,  or  metal.  Glass  specula  are  very  rarely  employed  to-day, 
because  of  the  danger  of  breaking.  Specula  composed  of  metal  are 
chiefly  used,  and  they  may  be  several  varieties,  such  as  the  tubular 
or  cylindric,  univalve,  bivalve,  trivalve,  and  quadrivalve.  The 
bivalve,  however,  is  the  instrument  most  commonly  employed.  It 
is  constructed  so  that  the  posterior  blade  is  longer  than  the  anterior, 
on  account  of  the  great  length  of  the  posterior  vaginal  wall,  the 
posterior  wall  being  about  one-half  inch  longer  than  the  anterior. 

These  instruments  are  used  for  direct  inspection  of  the  vaginal 
portion  of  the  cervix  and  upper  part  of  the  vaginal  walls;  they  are 
also  used  for  the  purpose  of  applying  treatment  to  these  structures. 
The  dorsal  position  is  usually  employed  for  the  introduction  of  the 
speculum,  though  the  univalve,  or  Sims',  speculum  serves  better 
with. the  patient  in  the  lateral  position.  This  instrument  is  used 
largely  to  expose  the  upper  part  of  the  anterior  vaginal  wall. 

In  the  introduction  of  the  vaginal  speculum  every  precaution  should 
be  taken  in  regard  to  cleanliness  and  gentleness.  The  thumb  and 
index-finger  of  the  left  hand  should  separate  the  labia  and  the  blades 
of  the  speculum,  pressing  upon  the  posterior  vaginal  wall,  and  should 
be  introduced  parallel  with  the  opening  of  the  vulva.  The  instrument 
should  be  gently  carried  upward  for  a  short  distance,  and  then  turned 
vol.  v — 24 
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with  the  blades  horizontal,  pressure  being  constantly  exerted  on  the 
posterior  vaginal  wall,  and  avoiding  the  delicate  anterior  structures. 
If  the  vaginal  walls  are  relaxed  and  protrude  between  the  blades  of 
the  speculum,  retractors  should  be  introduced  to  hold  the  walls  of 
the  vagina  apart.  If  the  cervix  is  in  close  apposition  with  the  pos- 
terior wall  and  is  not  readily  exposed  to  view,  elevation  of  the  outer 
end  of  the  speculum  toward  the  pubcs  will  frequently  deliver  the 
cervix  between  the  blades  of  the  instrument.  If  this  fails,  the  cervix 
may  be  grasped  with  a  tenaculum  and  drawn  forward. 

Too  much  emphasis  cannot  be  placed  upon  the  importance  of 
thorough  sterilization  of  the  instruments  before  introduction,  because 
infections  are  frequently  transmitted  by  the  careless  employment  of 
this  instrument. 

The  Tenaculum. — The  double  tenaculum  is  used  in  gynecologic 
examinations  to  deliver  the  cervix  into  view  for  close  observation 
and  treatment.  It  is  also  employed  to  determine  the  extent  of 
relaxation  of  the  vaginal  walls  and  the  ligaments  that  support  the 
uterus,  and  to  ascertain  the  degree  of  mobility  and  the  position  of 
that  organ.  The  double  tenaculum  is  also  utilized  in  drawing  down 
the  uterus  in  order  to  determine  the  relation  of  tumors  attached  to 
that  organ,  such  as  pedunculated  subserous  fibroids  and  ovarian  cysts. 

The  uterine  sound  has  been  recommended  for  the  purpose  of 
ascertaining  the  size  and  position  of  the  uterus,  to  measure  the  depth 
of  its  cavity,  and  also  to  replace  displaced  uteri.  Those  instruments 
were  formerly  used  very  extensively  and  carelessly,  and,  no  doubt, 
were  responsible  for  a  great  amount  of  harm. 

Their  dangerous  character  has,  within  recent  years,  been  recog- 
nized, and,  fortunately  for  our  patients,  they  have  been  very  largely 
discarded.  The  sound  should  alwrays  be  used  with  the  utmost  care. 
Its  introduction  should  be  regarded  as  a  surgical  operation,  and 
every  precaution  should  be  taken  to  guard  against  infection.  Its 
careless  and  indiscriminate  use  in  general  office  practice  should  be 
condemned.  Before  introducing  the  sound  the  surgeon  should  de- 
termine the  position  of  the  organ  by  bimanual  examination,  in  order 
to  avoid  perforating  the  uterine  wall.  The  instrument  should  al- 
ways be  introduced  in  the  direction  of  the  position  of  the  uterus.  The 
date  of  the  last  menstrual  period  should  be  elicited,  in  order  not  to 
interrupt  a  possible  pregnancy.  The  sound  should  not  be  used  if 
the  uterine  cavity  is  the  seat  of  infection  or  malignant  disease,  nor 
should  it  be  employed  in  the  presence  of  suppurative  disease  of  the 
appendages. 

Dilatation  and  Digital  Exploration  of  the  Uterine  Cavity. 
— Frequently  the  employment  of  the  methods  of  examination  wre 
have  thus  far  described  will  fail  to  reveal  the  presence  and  character 
of  intra-uterine  disease,  and  we  are  compelled  to  employ  other  means. 
The  identification  of  uterine  disease  may  be  made  by  dilating  the 
uterus  and  exploring  its  cavity  with  the  finger  (Fig.  108).  This  proce- 
dure should  be  regarded  as  of  the  same  importance  as  an  ordinary  dilata* 
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tion,  and  the  same  antiseptic  precautions  should  be  observed.  General 
anesthesia  should  be  employed.  The  uterine  cavity  may  be  dilated 
by  the  parallel  bars,  Pratt's  graduated  bougies,  or  laminaria  tents. 
The  parallel  bars,  however,  usually  inflict  more  or  less  injury,  and 
thereby  disturb  the  cell  relation  and  character  of  any  existing  growth. 
The  graduated  bougies  may  be  used  with  safety,  but  the  laminaria 
tents  afford  the  best  service.  By  their  use  a  higher  degree  of  dilata- 
tion is  obtained  and  the  cervix  is  gradually  thinned  out,  rendered 
elastic,  and  will  thus  allow  the  free  introduction  of  the  finger  without 
constriction  and  impairment  of  the  sense  of  touch.  Digital  explora- 
tion of  the  uterus  will  reveal  the  depth  and  direction  of  its  canal,  the 


Fig.  108. — Digital  Exploration  of  the  Uterine  Cavity. 

character,  thickness,  and  consistence  of  the  endometrium,  areas  of 
friability,  induration,  retained  products  of  conception,  consistence 
of  the  uterine  wall,  and  the  presence  or  absence  of  projections  and 
growths.  It  should  be  remembered,  however,  that  microscopic 
examination  is  superior  to  digital  exploration,  and  that  the  true 
character  of  intra-uterine  disease  cannot  be  positively  determined 
by  the  palpating  finger.  A  provisional  diagnosis  of  a  fibroid  tumor 
may  be  made  by  finding  a  nodular,  firm  growth,  and  of  carcinoma  by 
discovering  an  area  of  friable  tissue  situated  on  a  hard  indurated 
base,  but  positive  identification  of  any  lesion  can  only  be  made  by  a 
microscopic  examination.  Digital  examination  of  the  uterine  cavity 
should  never  be  made  without  carefully  eliciting  the  menstrual  history 


372     SURGERY  OF  THE  FEMALE  GENITOURINARY  ORGAN8. 

of  the  patient,  in  order  to  exclude  the  possibility  of  pregnancy.  It 
should  also  be  avoided  in  the  presence  of  inflammatory  accumulations 
outside  the  uterus,  and  it  should  always  be  executed  with  the  utmost 
care. 

Test  Curetment. — In  order  to  ascertain  the  true  nature  of 
endometrial  and  intra-uterine  disease,  sections  of  the  tissue  must  be 
secured  and  submitted  to  microscopic  examination.  This  is  done 
by  dilating  and  curetting  the  uterine  cavity.  The  operation  should 
be  performed  under  general  anesthesia.  Every  step  of  the  procedure 
should  be  carefully  executed,  and  the  principles  of  surgical  cleanliness 
should  be  rigidly  observed.  Dilatation  may  be  accomplished  by  the 
parallel  bars,  gauze  packing,  laminaria  tents,  or  graduated  bougies. 
The  latter  instruments  serve  very  well,  and  are  not  so  likely  to  injure 
and  distort  the  cellular  architecture  of  the  parts,  and  the  operation 
should  always  be  performed  with  this  end  in  view.  After  a  moderate 
degree  of  dilatation  is  obtained,  the  cavity  of  the  uterus  should  be 
systematically  curetted  by  the  sharp  angular  douche  curette.  The 
operation  should  begin  at  a  fixed  point,  and  be  carried  out  methodi- 
cally in  order  to  secure  tissue  from  every  part  of  the  lining  membrane. 
A  good  plan  to  follow  would  be  first  to  scrape  the  anterior  wall,  then 
the  posterior,  then  the  lateral,  and  finally  the  fundus  and  angles. 
Long,  successive  parallel  sweeps  should  be  made  from  the  fundus 
to  the  cervical  opening,  removing  the  membrane  from  the  muscular 
structure.  As  the  curetted  material  escapes  from  the  uterus,  it  should 
be  collected  in  a  sieve  of  sterile  paraffin  paper.  Careless  handling 
must  be  avoided,  and  the  collection  of  the  tissue  on  a  gauze  pad  should 
be  condemned,  as  the  tissue  adheres  to  the  gauze,  and  in  its  removal 
the  individual  elements  are  distorted,  and  the  specimen  is  thus  rendered 
practically  useless.  The  macroscopic  appearance  of  the  curetted 
tissue  should  be  noted,  and  the  specimen  should  then  be  placed 
immediately  in  a  fixing  solution,  and  prepared  for  further  examina- 
tion. If  it  is  desirable  to  make  an  immediate  histologic  diagnosis, 
teased  or  frozen  sections  may  be  prepared  and  submitted  to  microscopic 
examination. 

Test  Excision. — This  method  is  superior  to  test  curettement 
because  it  permits  the  removal  of  definite  portions  of  tissue,  which 
appear  suspicious  to  the  eye  or  the  examining  finger.  It  is,  of  course, 
available  only  when  the  diseased  parts  are  accessible,  and,  therefore, 
can  only  be  used  in  pathologic  conditions  of  the  vulva,  vagina,  and 
vaginal  portion  of  the  cervix.  In  the  performance  of  test  incision, 
the  same  general  laws  regarding  antisepsis  should  be  observed,  as 
were  advised  in  the  operation  of  test  curettement.  The  cervix  is 
exposed  by  the  introduction  of  Edebohls'  speculum,  or  suitable 
retractors,  and  the  lips  of  the  cervix,  free  from  disease,  are  secured 
with  double  tenacula  and  drawn  well  down  until  they  are  accessible 
to  manipulation.  The  parts  selected  for  excision  should  include  both 
healthy  and  diseased  tissues,  in  order  to  have  the  advantage  of  com- 
parison.    A  wedge-   or  V-shaped  piece  of  tissue  should  be  removed 
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with  a  sharp,  straight  scissors  or  a  scalpel.  The  wound  left  after  the 
excision  should  be  closed  with  one  or  more  catgut  sutures.  The 
parts  are  then  irrigated  with  a  warm  salt  solution,  the  vaginal  canal 
packed  lightly  with  iodoform  gauze,  and  a  sterile  perineal  occlusive 
dressing  applied.  On  account  of  the  relative  insensibility  of  the 
cervix,  test  excision  may  be  performed  without  anesthesia.  In  the 
majority  of  cases,  however,  a  general  anesthetic  should  be  given, 
although  the  operation  can  be  successfully  accomplished  by  the 
surface  application  of  a  4  per  cent,  solution  of  cocain.  Infiltration 
anesthesia  will  permit  painless  excision,  but  this  procedure  destroys 
the  histologic  cell  picture,  and  hence  should  not  be  resorted  to.  Each 
step  of  the  operation  must  be  performed  with  the  utmost  delicacy, 
in  order  to  preserve  the  normal  cellular  relation.  This  point  cannot 
be  too  strongly  emphasized.  Unfortunately,  many  surgeons  collect 
tissue  in  such  a  careless  manner  that  by  the  time  it  reaches  the  micro- 
scopist's  hands  its  structure  is  so  altered  as  to  render  intelligent  study 
almost  impossible.  After  securing  the  tissue  it  should  be  washed  in 
warm,  normal  salt  solution,  and  then  placed  immediately  in  a  good 
fixing  fluid.  If  an  immediate  microscopic  diagnosis  is  desired,  the 
tissue  may  be  examined  as  a  teased  specimen  or  by  frozen  sections. 
If  haste  is  necessary,  the  latter  method  is  preferable,  because  it 
interferes  less  writh  the  cellular  structure  of  the  tissue  and  permits 
of  a  more  correct  judgment  as  to  its  character. 

Bacteriologic  Examination. — The  importance  of  careful  bac- 
teriologic  examination  of  tissues  and  secretions  of  the  genital  tract 
cannot  be  overestimated.  The  examinations  are  usually  made  by 
stained  smears  or  spreads,  but  in  certain  instances  cultures  should 
be  made  and  inoculations  resorted  to.  Micro-organisms  are  found 
in  the  genital  tract,  but  they  are  present  only  in  small  numbers,  and, 
as  a  rule,  in  a  low  state  of  virulence.  They  are  only  found  normally 
in  the  vulva,  vagina,  and  cervix.  The  uterine  cavity  and  structures 
above  that  organ,  under  normal  conditions,  are  said  to  be  germ 
free.  The  small  number  of  pathogenic  germs  normally  found  are  in 
a  low  state  of  infectiousness.  This  is  due  to  several  causes.  The 
secretion  of  the  vagina  is  highly  acid,  and  is,  therefore,  not  only  an 
unfavorable  medium  for  the  propagation  of  germ  life,  but  highly 
destructive  to  these  bodies.  Doderlein  has  demonstrated  the  presence 
of  an  acid-fast  bacillus  in  the  vaginal  secretion,  which  he  has  shown 
to  be  antagonistic  to  invading  pathogenic  bacteria. 

The  absence  of  glands  and  of  a  submucosa  in  the  vaginal  walls 
does  not  provide  suitable  food  and  an  abiding-place  for  germ  life. 
The  plug  of  mucus  normally  found  in  the  external  os  is  said  by  some 
authors  to  prevent  to  a  certain  degree  the  ingression  of  bacteria  into 
the  uterine  cavity  and  the  organs  beyond.  During  menstruation, 
pregnancy,  and  parturition  the  secretion  of  the  vaginal  canal  is 
neutralized,  or  rendered  alkaline  by  the  increased  discharges  from  the 
uterus.  During  these  periods,  therefore,  bacterial  growth  and 
extension   are  favored.     The   normal   germicidal   properties   of  the 
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vaginal  secretion  may  be  destroyed  by  excessive  coition  and  constant 
vaginal  irritation.  Abrasions  resulting  from  indelicate  manipulation 
and  operation  also  favor  the  propagation  of  germ  life. 

The  parasites  found  in  the  genital  tract  are  both  vegetable  and 
animal.  The  vegetable  parasites  are  the  most  frequent,  and  include 
the  staphylococcus  pyogenes,  streptococcus  pyogenes,  gonococcus, 
bacillus  coli  communis,  bacillus  tuberculosis,  spirochaeta  pallida,  the 
organism  of  chancroid,  smegma  bacillus,  bacillus  typhosus,  bacillus 
pyocyaneus,  bacillus  aerogenes  capsulatus,  bacillus  diphtheria?,  and 
the  pneumococcus.    The  animal  parasites  are:  the  pediculosis  pubis, 


Fig.   109. — First  Step  in  the  Performance  of  Posterior  Vaginal  Incision. 


acarus  scabiei,  oxyuris  vermicularis,  ascaris  lumbricoides,  and  taenia 
echinococcus. 

Examination  of  Virgins. — An  internal  examination  of  a  young 
girl  or  a  young  unmarried  woman  is  a  source  of  great  annoyance, 
embarrassment,  and  terror,  and,  whenever  possible  the  surgeon 
should  refrain  from  making  such  vaginal  examinations.  Where  the 
symptoms  and  signs  call  for  a  pelvic  examination,  the  rectal  route 
should  usually  be  selected.  The  timidity  and  nervous  fear  of  these 
patients  may  be  overcome  by  the  use  of  an  anesthetic.  Moreover, 
anesthesia  enables  the  examiner  to  make  a  more  thorough  and  sys- 
tematic investigation  of  the  pelvic  organs.     It  would  be  distinctly 
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advantageous  to  administer  an  anesthetic   in   making  all   first-visit 
examinations. 

Exploratory  Incision. — With  our  present-day  perfected  methods 
of  examination  exploratory  incision  is  seldom  necessary.  In  ob- 
scure pelvic  conditions  this  procedure  may  be  resorted  to.  Should 
this  intervention  seem  necessary,  the  patient's  consent  (often  best 
in  the  presence  of  a  witness  or  in  writing,  especially  in  the  case  of 
strangers)  should  be  obtained,  not  only  to  make  the  incision,  but 
to  treat  surgically  any  condition  that  it  might  reveal.  Exploratory 
incision  may  be  performed  through  the  abdominal  wall  or  through  the 


Fig.  110. — Second  Step  in  Posterior  Vaginal  Incision. 
Showing  incised  vaginal  wall  and  exposition  of  peritoneum  with  buttonhole  opening. 

posterior  vaginal  fornix.  The  latter  route  should  be  selected  because  it 
is  easier  of  execution,  is  not  a  major  operation,  and  is  not  associated 
with  the  pain,  danger,  and  prolonged  convalescence  of  an  abdominal  in- 
cision. Exploratory  vaginal  incision  finds  its  chief  usefulness  in  diag- 
nosing positively  a  ruptured  ectopic  pregnancy,  adhesions,  distortions, 
and  enlargements  of  the  Fallopian  tubes,  the  size,  consistence,  shape, 
and  mobility  of  the  ovaries,  and  lesions  of  the  broad  ligaments.  The 
operation  of  posterior  vaginal  incision  is  performed  as  follows: 

With  the  patient  thoroughly  prepared  and  anesthetized  in  the 
dorsal  position,  the  cervix  is  exposed  by  the  introduction  of  Edcbohl's 
speculum.  The  posterior  lip  of  the  cervix  is  then  grasped  with  two 
double    tenacula    and    drawn    downward    and    upward.     Constant 
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traction  is  made  with  these  by  an  assistant,  who  also  retracts  at  the 
same  time  the  posterior  vaginal  wall.  The  posterior  vaginal  wall, 
about  one  inch  from  its  attachment  to  the  cervix,  is  picked  up  with 
toothed  forceps  (Fig.  109),  and  a  free  incision  (transverse  or  semilunar) 
is  made  through  the  vaginal  wall  from  side  to  side  (Fig.  110).  The 
posterior  edge  of  the  incision  is  pushed  back  by  blunt  dissection,  thus 
exposing  the  underlying  peritoneum.  This  structure  is  then  picked  up 
and  freely  incised  from  side  to  side,  thereby  rendering  free  examination 
of  the  pelvic  viscera  possible  (Fig.  111).  Posterior  vaginal  puncture 
should  never  be  performed,  but  the  operation  should  be  carried  out 
by  a  free  incision,  as  above  described. 


Fig.  111. — Third  Step  in  Posterior  Vaginal  Incision. 
Showing  incised  vaginal  wall  and  peritoneum  and  exposure  of  posterior  uterine  wall. 

a>Ray  Examination. — Examination  by  means  of  the  Roentgen 
rays  is  employed  as  an  auxiliary  to  the  methods  we  have  already 
outlined.  The  .r-ray  as  a  diagnostic  agent  is  not  of  great  value  in 
gynecology,  because  our  other  methods  of  investigation  are  so  com- 
plete that  it  is  rarely  necessary  to  resort  to  this  agent.  But  the  ar-rays 
may  be  of  value  in  revealing  the  presence  of  pregnancy.  It  will  also 
disclose  the  presence  of  cartilage,  bone,  teeth,  and  calcareous  deposits 
in  dermoids  and  teratomata.  It  may  also  reveal  the  presence  of 
calcified  tumors,  contents  of  old  ectopic  gestation-sacs,  and  foreign 
bodies  in  the  bladder,  ureters,  and  kidneys,  and  various  deformities 
of  the  pelvis. 


MEANS  AND  METHODS  OF  GYNECOLOGIC  EXAMINATION. 


377 


Catheterization. — There  is  no  procedure  in  surgery  so  fre- 
quently performed  as  catheterization  of  the  bladder,  and  it  is,  perhaps, 
from  its  frequent  necessity  that  the  cathether  is  so  carelessly  and 
indiscriminately  used.  The  common  saying,  that  "  familiarity  breeds 
contempt, "  certainly  applies  to  the  use  of  this  instrument.  It  is  not 
uncommon  to  find  women  who  have  made  excellent  recoveries  from 
extensive  vaginal  or  abdominal  operations,  suffering  more  from  the 
prolonged  and  careless  use  of  the  catheter  than  from  the  operation 
itself.     Its  employment  is  regarded  as  one  of  the  duties  of  the  nurse, 


Fig.  112. — Position  of  Hands  in  Catheterization  of.  the  Female  Bladder. 


and  it  is  sometimes  difficult  to  impress  upon  them  the  dangers  and 
complications  that  may  accrue  from  its  improper  preparation  and 
manipulation.  Whenever  possible,  catheterization  should  be  per- 
formed by  or  under  the  direct  supervision  of  the  attending  surgeon. 
One  must  not  only  be  mindful  of  the  prolonged  distressing  symptoms 
and  damage  that  may  result  from  infection  of  the  urethra  and  bladder, 
but  of  the  possible  extension  of  the  infectious  process  to  the  ureters 
and  the  pelves  of  the  kidneys. 

The  bladder  may  be  emptied  by  the  use  of  instruments  composed 
of  metal,  rubber,  or  glass;  the  latter  are  preferable,  because  they  are 
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more  easily  sterilized.  These  instruments  should  be  boiled  before 
and  after  using,  and  when  not  in  use,  they  should  be  kept  in  alcohol 
or  a  5  per  cent,  solution  of  carbolic  acid.  It  is  extremely  important 
carefully  to  inspect  the  instrument  before  introduction  to  make  sure 
that  it  is  sound  and  free  from  rough  cutting  edges.  Catheterization 
should  always  be  performed  under  the  guidance  of  the  eye,  and  never 
by  simple  touch  (Fig.  112).  The  patient  should  be  placed,  if  possible, 
crosswise  on  the  bed,  with  the  thighs  separated  and  flexed.  The  ex- 
ternal genitals  should  be  cleansed  with  a  warm,  weak  solution  of  bichlo- 
rid,  and  if  a  profuse  vaginal  discharge  is  present,  a  preliminary  douche 
of  the  same  should  be  given.  The  parts  should  be  surrounded  with 
sterile  towels,  and  the  external  meatus  should  be  cleansed  with  warm 
boric-acid  solution.  The  nurse,  with  her  hands  carefully  prepared, 
should  separate  the  labia  with  the  thumb  and  index-finger  of  the  left 
hand.  The  catheter  should  be  grasped  with  the  thumb  and  middle 
finger  of  the  right  hand,  while  the  index-finger  is  held  over  the  external 
opening  of  the  instrument  to  prevent  the  premature  discharge  of 
urine.  The  catheter  should  then  gently  be  introduced  by  passing  it 
upward  and  backward,  hugging  the  urethral  floor.  The  entrance 
into  the*  bladder  will  be  manifested  by  the  absence  of  resistance  and 
the  appearance  of  urine  in  the  instrument.  The  occluding  finger 
should  now  be  removed,  and  the  urine  allowed  to  flow  into  a  sterile 
receptacle.  The  bladder  can  be  completel}'  emptied  by  making 
pressure  over  the  lower  abdomen  with  the  unoccupied  hand.  With 
the  discharge  of  the  last  few  drops  of  urine  the  finger  should  again 
be  placed  over  the  end  of  the  instrument,  to  prevent  the  urine  flowing 
over  the  vulva  and  soiling  the  bed.  When  pressure  has  been  made 
over  the  abdomen,  the  finger  should  be  so  placed  before  the  removal 
of  the  pressure  as  to  prevent  the  aspiration  of  air  into  the  bladder 
cavity.  After  withdrawing  the  catheter  the  parts  should  be  again 
cleansed  with  warm  boric  solution  and  dried  with  a  sterile  towel  or 
gauze.  After  an  abdominal  operation  early  catheterization  should 
never  be  resorted  to,  but  the  patient  should  be  given  abundant 
opportunity  and  encouragement  to  empty  the  bladder  herself.  Direc- 
tions should  be  given  to  wait,  if  possible,  for  twelve  hours,  but,  of 
course,  if  the  patient  is  distressed,  catheterization  should  be  used 
before  that  time.  In  plastic  operations  upon  the  anterior  vaginal 
walls,  providing  the  patient  is  unable  to  empty  the  bladder,  the 
catheter  should  be  used  at  the  end  of  the  sixth  hour,  because  excessive 
distention  of  the  bladder  in  these  cases  may  destroy  the  object  of 
the  operation. 

Catheterization  of  the  Ureters.— Catheterization  of  the  ureters 
has  been  considered  in  Vol.  IV.,  p.  290. 
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CONGENITAL  AND  ACQUIRED  ABNORMITIES. 
Hermaphroditism. 

Hermaphroditism  is  "the  coexistence,  real  or  apparent,  of  male 
and  female  organs  in  the  same  individual."  This  condition  in  the 
human  being  is  extremely  rare,  but  it  is  normal  in  many  plants  and 
other  forms  of  lower  animal  life.  Hermaphroditism  is  divided  into 
true  hermaphroditism  and  pseudohermaphroditism.  Notwithstand- 
ing the  number  of  cases  of  true  hermaphroditism  reported,  it  is  a 
question  wThether  true  blending  of  the  organs  of  both  sexes  has  ever 
occurred.  Edgar  and  many  other  observers  claim  that  there  has 
never  existed  an  individual  who  was  provided  with  complete  gener- 
ative organs  of  the  two  sexes.  Garrfc  operated  upon  a  patient  from 
whom  he  removed  two  small  bodies  from  the  pelvis  which  proved 
to  be,  on  microscopic  examination,  testicular  tissue.  Another  small 
mass  near  the  testicle  was  removed  from  the  same  patient,  «and  upon 
examination  it  was  found  to  be  composed  of  ovarian  tissue.  A  Fal- 
lopian tube  and  a  structure  resembling  the  vas  deferens  wTere  also  pres- 
ent. Pseudohermaphroditism  is  divided  into  two  types — the  gynan- 
drous  and  androgynous.  These  terms  are  used  to  indicate  the  special 
type  of  individual. 

The  gynandrous  is  a  female  with  external  genitals  so  formed  as 
to  bear  some  resemblance  to  the  external  organs  of  the  male.  In 
this  type  the  general  development  and  expression  of  the  individual 
are  decidedly  masculine.  The  external  genitals  are  markedly  enlarged. 
The  clitoris  may  be  of  such  proportion  as  to  resemble  a  penis,  and 
the  labia  minora  and  majora  may  be  extremely  enlarged  and  fused 
together,  so  as  to  resemble  a  scrotum.  Occasionally  there  is  a 
hernia  of  one  or  both  ovaries  into  the  labia,  making  the  resemblance 
to  the  male  still  more  striking.  The  internal  organs  of  these  individuals 
are  usually  in  a  varying  stage  of  development.  In  the  androgynous 
class,  the  general  characteristics,  such  as  hair,  facial  expression,  skin, 
speech,  and  general  development,  resemble  those  of  women.  The 
breasts  may  be  large  and  well  developed.  The  skin  is  smooth,  deli- 
cate and  free  from  hair.  The  external  genitals  resemble  the  female 
type,  though  they  are,  as  a  rule,  poorly  developed.  In  these  persons 
the  scrotum  may  be  cleft,  and  there  may  be  a  failure  of  the  testicles 
to  escape  or  descend  from  the  abdominal  cavity.  The  penis  may  be 
small  and  resemble  the  clitoris.  The  presence  of  hypospadias  makes 
the  resemblance  still  more  striking.  There  may  also  be  small  projec- 
tions of  skin  along  the  scrotal  cleft,  suggesting  the  presence  of  the 
labia  minora. 

The  treatment  of  hermaphroditism  is  a  question  of  considerable 
importance.  If  the  condition  is  discovered  in  childhood,  the  true 
sex  should  be  determined,  if  possible  in  order  that  the  individual 
may  be  reared  accordingly.  If  there  is  any  doubt  as  to  the  sex,  the 
patient  should  be  classed  as  a  male,  on  account  of  the  ability  of  males 
to  acquire  a  living.     Furthermore,  the  imperfect  male  is  less  likely 
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to  marry.  Operative  measures  should  be  instituted  in  certain  cases 
if  a  doubt  as  to  the  sex  exists,  but  operative  correction  of  the  external 
genitals  should  not  be  attempted  without  first  determining  the  char- 
acter of  the  internal  generative  organs  by  an  abdominal  operation,  ex- 
cept where  it  is  desiiable  to  establish  a  new  vagina  for  copulation. 

Malformations. 
In  the  consideration  of  the  anomalous  type  of  faulty  development 
that  are  found  in  the  genital  canal  of  the  female  it  is  well  to  recall 
that  this  structure  is  formed  by  the  union  of  the  Mullerian  ducts,  and 
that  abnormal  growth  or  non-growth  of  any  portion  of  these  organs 
will  be  responsible  for  different  forms  of  maldevelopment  that  occur. 
Malformations  arising  in  the  genital  canal  are  not  uncommon,  and  we 
should  always  be  on  guard  to  detect  their  presence.  The  causes  of 
maldevelopment  are  classified  into  the  acquired  and  congenital. 
Acquired  malformations  of  a  serious  type  are  rather  uncommon,  and 
are,  as  a  rule,  limited  to  the  vulva,  vagina,  and  cervix,  though  acquired 
deformity  of  the  tubes  and  Ovaries  docs  occur.  The  acquired  types 
result  mostly  from  inflammatory  processes,  and  as  a  result  of  inflam- 
matory action  in  the  vagina  and  cervix  organizing  bands  of  adhesions 
form  in  these  structures,  which  frequently  progress  to  contraction, 
and  cause  distortion  and  even  obliteration  of  the  upper  part  of  the 
vaginal  and  cervical  canals.  Inflammation  as  a  cause  of  acquired 
deformity  in  the  vagina  and  cervix  is  frequently  seen  in  women  who 
have  passed  the  menopause.  Frequently  in  these  individuals  the 
vault  of  the  vagina  is  found  distorted  and  almost  closed,  and  occa- 
sionally, from  the  same  cause,  atresia  takes  place  in  the  cervix,  which 
results  in  an  accumulation  of  secretion  within  the  uterine  cavity. 
Acquired  malformations  may  also  result  from  lesions  of  labor,  trauma- 
tisms, caustics,  burns,  and  faulty  operative  work.  Acquired  malfor- 
mations of  the  Fallopian  tubes  may  result  from  inflammation,  causing 
thickening,  stiffening,  and  distortion  of  these  structures.  Inflamma- 
tion about  the  tubes  may  cause  the  formation  of  adhesions,  which 
contract  and  cause  deformity  of  these  organs.  Tumors  of  the  broad 
ligament  and  ovaries  not  infrequently  cause  marked  elongation,  twist- 
ing, and  distortion  of  the  tube.  Acquired  deformities  of  the  ovary 
may  result  from  inflammatory  exudate  about  these  organs,  from 
organizing  adhesive  bands,  and  from  the  presence  of  tumors. 
Congenital  malformations  may  be  due  to: 

Complete  failure  of  the  Mullerian  ducts  to  develop. 

Rudimentary  development. 

Irregular  development. 

Vicious  development. 

Precocious  development. 
Vicious  development  is  exemplified  in  the  various  forms  of  con- 
genital abnormal  communications  that  sometimes  form  between  the 
ducts  of  Miiller  and  the  urethra  and  bladder  in  front  and  the  rectum 
behind.     Precocious   development    is    occasionally    seen    in   newborn 
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infants.  In  these  individuals  the  breasts  are  enlarged  and  may 
secrete  fluid.  The  external  genitals  are  markedly  developed,  and 
menstruation  may  occur.  The  individual  in  general  is  large  and  well 
developed. 

Malformations  of  the  Vagina. — Acquired  malformations  of 
the  vagina,  such  as  stenosis  or  atresia,  are  frequently  caused  by  the 
lesions  of  labor.  They  may  also  result  from  the  application  of  caustics, 
burning  from  irritating  solutions,  lupus,  specific  ulceration,  cancer, 
and  the  long-continued  irritation  of  a  pessary.  Stenosis  is  usually 
found  in  the  upper  part  of  the  canal,  but  may  occur  in  any  portion. 
Congenital  atresia  may  be  found  in  different  parts  of  the  vagina,  but 
this  condition  is  generally  found  at  the  orifice,  and  is  frequently 
caused  by  an  imperforate  hymen.  Atresia  of  the  vaginal  canal,  due 
to  an  imperforate  hymen,  or  closure  of  the  vaginal  orifice  from  adhe- 
sions, may  not  be  recognized  until  the  establishment  of  puberty. 
At  this  period  the  patient  will  experience  all  the  symptoms  of  men- 
struation, but  without  the  escape  of  the  menstrual  flow  from  the 
genital  canal.  Instead  of  escaping  externally,  the  flow  gradually 
dilates  the  vaginal  canal,  and  this  may  be  followed  by  dilatation  of 
the  cervix  and  uterine  canal.  The  fluid  may  even  pass  out  through 
the  Fallopian  tubes,  dilating  these  structures,  and  escape  into  the 
peritoneal  cavity.  With  the  progressive  accumulation  of  the  men- 
strual flow  within  the  vagina,  bulging  of  the  imperforate  hymen  will 
take  place,  and  later  a  bluish  or  purplish  protuberance  will  appear 
at  the  vaginal  outlet.  Vicarious  menstruation  is  not  an  uncommon 
phenomenon  in  these  persons. 

The  accumulation  of  menstruation  in  the  vagina  is  termed  hema- 
tocolpos.  If  the  fluid  extends  into  the  uterine  cavity,  it  is  called 
hematocolpometra,  and  if  the  cavity  of  the  Fallopian  tubes  is  involved, 
the  term  hematocolpometrosalpinx  is  applied.  If  the  accumulation 
is  of  a  serous,  suppurative,  or  gaseous  nature,  the  condition  is  known 
respectively  as  hydrocolpos,  pyocolpos,  or  physocolpos.  The  treat- 
ment of  the  accumulation  of  menstrual  fluid  within  the  genital  canal 
as  a  result  of  stenosis  of  the  vagina  or  an  imperforate  hymen  consists 
of  free  incision  of  the  membrane  covering  the  orifice,  removing  the 
accumulated  fluid,  irrigating  the  cavity  with  warm  salt  solution,  and 
packing  with  iodoform  gauze.  If  the  edges  of  the  incision  show  a 
disposition  to  adhere,  they  should  be  separated  by  the  introduction 
of  graduated  vaginal  plugs. 

Complete  absence  of  the  vagina  is  uncommon,  and  is  usually 
associated  with  an  absence  of  the  uterus  and  Fallopian  tubes,  and 
occasionally  of  the  ovaries,  though  the  absence  of  the  vagina  is  not 
always  associated  with  an  absence  of  the  latter  organs.  This  con- 
dition, like  stenosis  of  the  vaginal  canal,  may  not  be  recognized  until 
puberty.  The  treatment  of  absence  of  the  vagina  depends  upon  the 
desires  of  the  individual.  If  the  woman  contemplates  matrimony, 
a  new  vagina  may  be  made.  It  consists  in  making  an  incision  in  the 
vulva  between  the  urethra  and  rectum.     With  a  sound  in  the  bladder 
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and  the  finger  of  an  assistant  in  the  rectum  the  tissues  between  these 
structures  are  separated  by  blunt  dissection  until  the  peritoneum  is 
reached,  which  may  or  may  not  be  incised.  The  cavity  is  made  as 
large  as  possible,  and  flaps  from  the  labia  minora  and  majora,  if 
present,  are  then  dissected  up  and  turned  in  to  form  a  lining  membrane 
for  the  new  canal.  If  these  structures  do  not  afford  enough  tissue 
to  line  the  new  vagina,  flaps  may  be  dissected  from  the  inner  sides  of 
the  thighs,  and  made  to  form  a  lining  membrane  for  the  newly  created 
canal.  These  flaps  should  be  anchored  within  the  vaginal  canal  by 
sutures,  and  the  tendency  to  cicatricial  contraction  should  be  over- 
come by  the  repeated  introduction  of  glass  plugs.  Carl  Beck  has 
constructed  an  artificial  vagina  by  first  making  a  transverse  incision 
immediately  over  the  symphysis  pubis,  as  in  the  operation  of  trans- 
verse suprapubic  cystotomy.  He  then  dissects  downward  between 
the  peritoneum  and  the  bladder,  hugging  the  bladder  closely  to  the 
rectovesical  space.  A  counteropening  through  the  tissue  between 
the  rectum  and  urethra  by  blunt  dissection  is  made  continuous  with 
the  suprapubic  opening.  By  this  method  a  channel  is  established, 
extending  from  the  perineum  to  above  the  pubes,  but  without  opening 
the  peritoneal  cavity.  Two  skin-flaps  are  then  dissected  from  the 
inner  side  of  the  thighs,  their  bases  being  represented  by  the  labia 
and  their  length  being  sufficient  to  extend  through  the  depth  of  the 
newly  formed  canal.  These  flaps  are  grasped  with  forceps  introduced 
from  above,  drawn  through  the  canal,  and  sutured  to  its  upper  end. 
The  suprapubic  opening  is  then  closed,  and  the  newly  established 
channel  is  packed  with  iodoform  gauze,  so  as  to  press  the  flaps  laterally 
against  the  sides  of  the  passage.  Baldwin,  realizing  the  advantage 
of  a  mucous  membrane  lining  over  skin,  advocates  the  use  of  a  loop 
of  a  lower  portion  of  the  ileum  or  sigmoid  flexure.  He  would  incise 
the  tissue  of  the  perineum  and  then  dissect  upward  between  the 
rectum  and  urethra,  open  the  abdomen,  and  grasp  the  central  portion 
of  the  sigmoid  with  forceps,  introduced  from  below,  and  draw  the 
bowel  downward  through  the  new  canal  to  the  perineum.  This  part 
of  the  bowel  should  then  be  detached,  being  careful  not  to  injure  the 
vessels  of  the  mesocolon.  The  continuity  of  the  bowel  should  then  be 
restored  by  an  anastomosis.  One  end  of  the  vaginal  loop  should  be 
inverted  and  closed  with  a  purse-string  suture,  while  the  other  end 
should  be  attached  around  the  cervix  with  interrupted  sutures.  The 
abdomen  should  then  be  closed,  and  the  vaginal  loop  opened,  packed 
with  iodoform  gauze,  and  the  edges  sutured  to  the  skin.  This  proce- 
dure would  form  a  double  vagina,  but  later  the  septum  between  the. 
two  canals  may  be  removed  by  clamp  pressure.  Mackenrodt 
advises  the  employment  of  vaginal  mucous  membrane  removed  from 
patients  operated  upon  for  prolapsus  as  tissue  lining  for  newly 
formed  vaginae. 

Occasionally,  in  irregular  development  of  the  vagina,  the  partition 
of  Miiller's  ducts  fails  to  disappear,  and  a  double  vagina  may  be 
present,  with  a  septum  or  partition  extending  from  the  uterus  to  the 
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vaginal  orifice.  In  this  condition  the  one  side  of  the  vagina  may 
appear  as  a  small  tubular  canal,  while  the  opposite  side  may  be  well 
developed,  or  two  well-developed  vaginae  may  be  present.  This 
condition  should  be  treated  by  the  removal  of  the  septum,  the  stumps 
of  the  septum  being  quilted  with  a  continuous  catgut  suture  or 
cauterized  by  the  thermocautery.  The  walls  should  then  be  kept 
from  adhering  by  the  introduction  of  iodoform  gauze  or  vaginal 
plugs.  In  irregular  development  one  tube  may  develop  to  normal 
size,  while  the  opposite  tube  may  be  present  as  a  small  fibrous  cord. 
Malformations  of  the  Uterus.— The  uterus  may  be  absent, 
but  this  condition  is  extremely  rare.  When  it  exists,  it  is  associated 
with  an  absence  of  the  other  organs  of  the  genital  canal,  and  occa- 


Fig.  113. — One  Half  of  a  Bilobulated  Uterus  Containing  a  Three  Months'  Fetus 

(Montgomery). 

sionally  of  the  ovaries.  Absence  of  the  uterus,  however,  is  not 
necessarily  associated  with  absence  of  the  ovaries,  and  this  is  due  to 
the  fact  that  the  ducts  of  Muller  have  an  independent  origin,  and  are 
not  derived  from  the  mesonephric  duct.  The  uterus  may  be  present 
as  a  rudimentary  body,  and  appear  as  a  small  fibrous  thickening  on 
the  posterior  wall  of  the  bladder.  It  may  also  be  represented  as  two 
vertical  fibrous  ridges,  or  appear  as  an  infantile  structure.  This  is 
an  organ  that  retains  its  fetal  shape  for  several  years  after  birth.  A 
uterus  of  this  type  may  never  continue  to  full  development,  and, 
therefore,  it  is  a  functionless  structure.  It  is  characterized  by  a 
decrease  of  all  its  dimensions  and  by  a  greater  development  of  the 
cervix  than  the  body,  the  former  portion  forming  two-thirds  and  the 
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latter  onef-third,  a  complete  reversal  of  the  normal  condition.  The 
uterus  may  be  divided  by  a  septum,  due  to  a  failure  of  the  partition 
formed  by  the  coalescence  of  Muller's  ducts  to  disappear.  This 
septum  may  be  limited   to  the  upper  part  of  the  uterus,  or  it  may 


Fig.  114. — Cervices  of  Double  Uterus  (J.  M.  Fisher). 

extend  to  the  internal  os,  or  even  to  the  external  os,  dividing  the 
organ  into  two  cavities.  The  two  sides  may  be  equal  or  unequal,  one 
side  being  well  developed  and  the  other  side  being  small  and  poorly 
developed.     This  septate   condition   is  the  most   frequent  form   of 


Fia.  115. — External  Surface  of  Double  Uterus  (J.  M.  Fisher). 

malformation  of  the  uterus.  The  organ  may  appear  as  two  distinct 
lobes  attached  to  a  single  cervix,  known  as  uterus  bilobularis 
(Fig.  113).  Fig.  113  shows  one  half  of  a  bilobulated  uterus  con- 
taining   a    three    months'  fetus.     The   organ  of  the    opposite   side 
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in  this  patient  was  normal  in  size  and  was  allowed  to  remain.  The 
tubes  and  ovaries  were  normal.  This  patient  was  operated  upon  for 
an  inevitable  abortion,  and  the  diagnosis  of  the  unusual  condition 
was  not  made  until  the  time  of  operation.  The  uterus  may  also 
appear  as  two  cornua  attached  to  a  single  cervix,  when  it  is  termed 
uterus  bicornis  bicolis.  When  two  separate  and  distinct  organs 
exist,  each  with  one  tube  and  ovary,  the  deformity  is  termed  uterus 
didelphys  (Figs.  114-116).  The  two  canals  of  Muller  may  be  un- 
equally developed,  and  thus  produce  inequality  of  the  two  sides  of 
varying  form.  The  canal  of  one  side  may  be  completely  atrophied, 
while  the  other  presents  a  well-developed  horn — the  uterus  unicornis. 
Usually  total  absence  of  one  side  is  associated  with  an  absence  of 
the  corresponding  tube,  and  occasionally  of  the  ovary.     In  the  con- 

T. 

Fig.  116. — Interior  of  Double  Uterus  (J.  M.  Fisher). 
Vertical  section  of  Figs.  114  and  115. 

dition  known  as  uterus  unicornis,  only  one  duct  develops.  This 
structure  may  be  rudimentary,  or  it  may  appear  as  an  organ  well 
developed  and  capable  of  fulfilling  its  designed  function,  as  shown 
in  Fig.  117.  In  this  patient  the  organ  occupied  the  right  side  of  the 
pelvis,  and  was  provided  with  a  normal  Fallopian  tube.  The  ovary 
was  situated  in  the  posterior  leaflet  of  the  broad  ligament.  Muller's 
duct  of  the  left  side  was  totally  absent,  but  the  left  ovary  was  pres- 
ent, and  was  anchored  to  the  peritoneum  over  the  sacro-iliac  joint. 
This  patient  gave  birth  to  a  normal  child  twenty-one  years  before  the 
operation. 

If  the  organs  are  rudimentarily  developed  and  pregnancy  takes 
place,  the  condition  should  be  regarded  with  the  same  degree  of 
gravity  as  pregnancy  occurring  in  a  Fallopian  tube,  and  if  recognized, 
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the  same  treatment  should  be  instituted.  Atresia  may  occur  in  the 
canal  of  a  rudimentary  or  poorly  developed  horn,  and  may  lead  to  an 
accumulation  of  menstrual  secretion  and  the  formation  of  a  tumor  of 
varying  size.  The  diagnosis  of  such  a  condition  would  perhaps  be 
largely  accidental. 

Accessory  uteri  have  been  reported,  and  Hollander,  according  to 
Montgomery,  found  a  second  uterus  lying  in  front  of  the  normal 
organ,  between  it  and  the  bladder.  It  consisted  of  a  cervix  with  two 
orifices,  but  was  not  provided  with  adnexa  or  round  ligaments. 

Absence  of  the  Fallopian  tube  is  a  rare  occurrence,  and  is  asso- 
ciated with  a  similar  condition  of  the  remaining  portion  of  the  genital 
canal.  The  ovaries,  however,  may  or  may  not  be  absent.  The 
absence  of  one  tube  is  of  a  more  frequent  occurrence,  and  is  usually 


Fig.  117. — An  Unusually  Well-developed  Unicorn  ate  Uterus  Complicated  by  an 
Ovarian  Cyst  (Montgomery). 

associated  with  a  unicornate  uterus.  The  tubes  may  exist  as  rudi- 
mentary structures,  appearing  as  small  fibrous  cords,  and  this  is 
frequently  caused  by  an  attack  of  fetal  peritonitis.  It  is  not  uncom- 
mon to  find  Fallopian  tubes  containing  accessory  ostia  or  openings. 
These  are  located  on  the  surface  of  the  organs  and  near  the  fimbriated 
end.  Occasionally  the  tubes  are  not  provided  with  canals,  while, 
on  the  other  hand,  two  canals,  one  below  the  other,  may  be  present. 
Accessory  tubes  have  also  been  described.  Displacements  and 
distortions  of  the  tube  from  congenital  causes  are  not  uncommon; 
these  lesions  have  been  described  as  causes  of  tubal  pregnancy. 

Absence  of  the  ovaries  is  an  exceedingly  rare  condition.  It  is 
the  least  frequent  malformation  of  the  female  genitals.  Absence  of 
the  ovary  of  one  side  is  usually  associated  with  absence  of  the  cor- 
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responding  kidney,  and  occasionally  some  malformation  of  the 
genital  canal  may  be  associated,  but  absence  of  the  ovaries  may 
exist  without  any  derangement  in  the  genital  canal. 

Rudimentary  ovaries  are  not  very  frequent,  but  more  frequent, 
of  course,  than  an  absence  of  these  structures.  In  rudimentary 
organs  the  Graafian  follicles  are  poorly  developed  or  wholly  absent, 
menstruation  is  scanty  or  may  not  occur,  and  the  woman  is,  as  a  rule, 
sterile.  Supernumerary  ovaries  are  exceedingly  rare;  only  one 
authentic  case  has  been  recorded.  Accessory  ovaries  have  been 
frequently  found  in  relation  with  a  normal  ovary,  and  usually 
enveloped  by  the  same  covering.  This  condition  is  due  to  a  con- 
stricting-off  process  during  development.  Accessory  ovaries  have 
been  assigned  as  the  cause  of  the  continuance  of  menstruation  after 
bilateral  oophorectomy,  but  it  is  a  question  whether  the  persistence 
of  the  menstrual  flow  after  operation  is  not  due  to  failure  to  remove 
all  portions  of  the  diseased  organs,  and  not  to  accessory  structures. 

Congenital  displacements  of  the  ovaries  are  not  infrequent. 
They  have  been  found  in  various  positions  in  the  abdomen  and 
pelvis,  and  cases  are  frequently  recorded  where  ovaries  have  formed 
part  of  the  contents  of  a  hernial  sac. 
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Surgery  of  the  Vulva  and  vagina. 

By  John  M.  Fisher,  M.D., 

PHILADELPHIA. 

General  Considerations. — Before  considering  the  surgical  dis- 
eases of  the  vulva  and  vagina  individually,  it  is  well  to  recall  some 
of  the  anatomic  peculiarities  of  the  parts  and  their  relation  to  patho- 
logic lesions  in  general. 

1.  The  loose  tegumentary  and  fibrolipomatous  character  of  the 
mons  and  labia  indicates  the  hypertrophies  and  the  forms  of  new- 
growths  occasionally  met  with  in  this  region,  while  the  open-mouthed 
follicles  of  both  the  larger  and  lesser  labia,  together  with  other  glandu- 
lar structures,  present  ready  avenues  for  infection  that  frequently 
terminate  in  suppurative  or  ulcerative  processes. 
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2.  The  irregular  contractile  property  of  the  tissues  of  the  vulva, 
depending  upon  the  sparsely  though  widely  distributed  non-striated 
muscular  fibers,  frequently  accounts  for  the  extensive  loss  of  sub- 
stance in  inflammatory  and  ulcerative  conditions,  as  well  as  the 
difficulties  experienced  in  securing  cicatrization. 

3.  The  relation  of  the  vaginal  bulbs  to  the  erectile  system,  their 
free  anastomosis  with  the  vaginal  and  vesical  plexuses  and  with  the 
rich  venous  supply  of  the  parts,  generally  not  only  explain  the  forma- 
tion of  labial  hematoma  resulting  from  external  violence  or  following 
the  traumatisms  of  childbirth,  but  likewise  account  for  the  alarming 
hemorrhages  that  may  follow  the  rupture  of  a  varicose  vein  or  a  wound 
of  the  deeper  parts,  either  by  accident  or  during  an  operation. 

4.  The  abundant  nerve-supply,  both  spinal  and  sympathetic, 
of  the  external  parts  accounts  for  the  intense  itching,  hyperesthesia, 
pain,  reflex  phenomena,  and  constitutional  disturbances  that  fre- 
quently attend  apparently  insignificant  local  lesions. 

5.  In  the  differentiation  of  the  more  frequent  forms  of  labial 
enlargements  the  situation,  under  normal  conditions,  of  Broca's 
sac,1  its  relation  with  the  inguinal  canal,  and  the  danger  of  mistaking 
a  labial  hernia  for  some  other  form  of  enlargement,  should  be  con- 
stantly borne  in  mind. 

6.  Nothing  in  the  study  of  malignant  disease  of  the  vulva  or  vagina 
is  of  greater  clinical  importance  than  a  knowledge  of  its  lymphatic 
extension  and  glandular  involvement.  For  a  detailed  description 
of  the  lymphatics,  so  essential  to  a  proper  understanding  of  the  sub- 
ject, the  reader  is  referred  to  treatises  on  anatomy. 

7.  The  superimposed  layers  of  squamous  epithelium  and  the 
resemblance  of  the  vaginal  mucous  membrane  to  the  skin  in  all  but 
the  presence  of  a  horny  layer  and  of  glandular  elements  in  a  large 
measure  account  for  the  comparative  immunity  of  this  structure  to 
infectious  processes,  and  the  readiness  with  which  it  throws  them  off 
when  once  established;  while  the  loose  connective  tissue  forming  the 
deeper  structure  of  the  vagina,  with  its  valveless  venous  plexus  and 
large  lymphatic  sinuses,  explains  the  embolic  processes,  together  with 
the  phlegmonous  and  wide-spread  destructive  changes  that  may 
attend  the  rarer  and  more  penetrating  forms  of  inflammatory  disease, 
as  well  as  the  extraordinary  malignancy  and  utter  hopelessness  of 
cancer  of  this  portion  of  the  body. 

SURGERY  OF  THE  VULVA. 

Inflammatory  and  Allied  Diseases  of  the  Vulva. 

Vulvitis. — Bacteria  are  practically  the  exciting  agents  of  all 
varieties  of  vulvitis.  The  vulva  is  constantly  exposed  to  their  inva- 
sion, but  their  deleterious  influence  usually  is  resisted  by  the  stratified 

1  The  elastic  tissue  of  each  labium  is  so  arranged  as  to  form  a  sac  having  its  neck 
at  the  external  inguinal  ring  and  its  fundus  just  above  the  posterior  commissure.  It 
is  filled  with  loose  connective  tissue  and  fat,  and  is  rarely  well  defined,  save  in  cases 
of  labial  hernia.     It  was  first  described  by  Broca. 
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epithelium  of  the  vulvar  structures,  while  the  normal  acid  discharge 
from  the  vagina,  with  its  immunizing  flora,  is  largely  inimical  to  the 
growth  of  pathogenic  germs  generally.  Among  the  structures  of 
the  vulva  with  diminished  resistance  to  bacterial  invasion,  in  which 
infection  is  more  persistent  and  most  destructive,  are  the  sebaceous 
glands  and  the  hair-follicles  of  the  labia,  the  vestibular  glands,  Skene's 
ducts,  and  the  vulvovaginal  glands,  or  glands  of  Bartholin.  Indeed, 
it  is  doubtful  whether  the  last-mentioned  structure,  when  once 
invaded  by  the  gonococcus,  is  ever  completely  freed  from  the  infec- 
tion. In  children,  the  tender  epithelial  covering  of  the  labia  and  the 
scanty  vaginal  secretion  offer  a  lowered  resistance  to  invading  micro- 
organisms; as  a  result,  vulvitis  is  more  frequent  before  puberty,  has 
a  greater  tendency  to  involve  the  surrounding  structures,  and  may 
become  a  much  more  serious  condition  than  in  the  adult.  The  rela- 
tive immunity  afforded  by  the  protective  forces  mentioned  may  be 
lowered  by  several  conditions,  designated  as  predisposing  or  con- 
tributing causes  of  vulvar  inflammations.  Of  these,  uncleanliness 
is  the  most  prominent.  If  the  collected  secretions  from  the  sebaceous 
and  sweat-glands,  together  with  the  discharges  from  the  uterus  and 
vagina,  are  permitted  to  accumulate,  they  may  undergo  decom- 
position, macerate,  and  irritate  the  parts  with  which  they  come  in 
contact.  Acrid  discharges  from  urinary  or  fecal  fistulas,  malignant 
disease,  or  necrotic  tumors  of  the  uterus  invariably  produce  vulvitis. 
Persistent  scratching  of  the  vulva  to  allay  itching  from  any  cause, 
masturbation,  and  too  frequent  coition  may  injure  the  delicate 
vulvar  tissues,  with  resulting  inflammation. 

Streptococcic  infection  of  vulvar  lacerations  excites  a  form  of 
vulvitis  known  as  diphtheric,  because  of  the  presence  of  a  fibrinous 
exudate  or  pseudomembrane  resembling  a  diphtheric  condition,  but 
in  which  the  Klebs-Loeffler  bacillus  is  absent.  True  diphtheric 
vulvitis  is  possible,  but  rare,  and  usually  occurs  in  childhood. 

Symptoms. — The  early  symptoms  of  all  varieties  of  vulvitis  are 
itching  of  the  part,  a  sense  of  discomfort,  especially  on  walking, 
increased  discharge,  burning  pain,  aggravated  by  exertion  and  contact 
of  the  urine  with  the  inflamed  surface.  The  changes  which  occur  in 
the  vulvar  tissues  depend  largely  upon  the  degree  of  irritation  and 
the  infecting  organism.  In  the  milder  or  catarrhal  form  induced  by 
uncleanliness,  irritating  discharges,  pediculi,  etc.,  the  labia  become 
swollen,  tender,  hyperemic,  and  bathed  in  mucus  or  mucopus.  The 
inflammation  may  be  limited  to  the  vulva,  extend  outward  over  the 
buttocks  or  upward  into  the  vagina,  and  may  involve  the  deeper 
pelvic  structures.  When  the  sebaceous  glands  and  hair-follicles  are 
involved,  they  project  as  reddened  papules  or  pustules,  producing  a 
form  known  as  follicular  vulvitis. 

Gonorrheal  vulvitis  is  characterized  by  a  greater  intensity  of  the 
symptoms,  more  swelling  of  the  parts,  a  distinct  purulent,  yellowish 
discharge,  by  a  tendency  to  involve  the  urethra,  the  vulvovaginal 
and  inguinal  glands,  and  to  extend  upward  into  the  vagina  and  the 
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cervical  canal.  As  a  result  of  the  urethral  involvement,  frequent 
and  scalding  urination  is  so  common  that  it  is  almost  considered 
diagnostic  of  a  gonococcic  infection.  Pressure  along  the  course  of 
the  urethra  usually  causes  the  extrusion  of  pus  through  the  external 
meatus.  Bartholin's  glands  become  swollen  and  tender,  and  pressure 
upon  them  likewise  results  in  the  appearance  of  a  drop  of  pus  at  the 
mouth  of  the  duct.  The  inguinal  glands  are  swollen,  tender,  and 
frequently  suppurate. 

In  puerperal  vulvitis,  chills,  fever,  sweats,  and  other  constitutional 
symptoms  are  more  common  than  in  the  other  varieties;  local  symp- 
toms are  usually  aggravated;  existing  vulvar  lesions  are  covered  with 
a  yellowish  or  brownish  exudate,  and  surrounded  by  an  edematous 
and  tender  zone. 

Chronic  vulvitis  usually  results  from  the  untreated  catarrhal  or 
exanthematous  varieties.  The  most  common  symptom  is  pruritus. 
(See  Pruritus  Vulvae.)  The  surface  of  the  labia  majora  is  thickened, 
fissured,  and  excoriated. 

Treatment. — The  treatment  of  vulvitis  consists,  first,  in  the 
removal  of  the  cause  when  possible;  second,  the  maintenance  of  cleanli- 
ness, and  third,  the  application  of  soothing  and  specific  agents. 

In  the  early  stage  of  the  catarrhal  form  rest  in  bed,  with  the  ap- 
plication of  gauze  saturated  with  lead-water  and  laudanum  or  a  solu- 
tion of  aluminum  acetate,  allays  the  inflammation  and  relieves  the 
itching  and  burning.  Cleanliness  is  secured  by  warm  sitz-baths  and 
by  vulvar  irrigations  with  one  of  the  following  solutions:  sodium 
chlorid,  1  dram  to  1  pint;  boric  acid,  saturated  solution;  or  bichlorid 
of  mercury,  1 :  5000. 

After  the  subsidence  of  the  acute  symptoms,  the  application  of 
soothing  antiseptic  drying  powders  is  indicated,  such  as  bismuth 
subnitrate  and  boric  acid,  or  equal  parts  of  zinc  oxid  and  boric  acid. 
If  the  pruritus  is  annoying,  2  to  5  per  cent,  of  phenol  may  be  added 
to  these  powders.  If  profuse,  the  secretion  may  be  controlled  by 
incorporating  alum,  lead  acetate,  or  tannic  acid,  to  the  extent  of  25 
per  cent.  Ointments  are  sometimes  more  soothing  and  efficacious 
than  powders.  Those  which  have  proved  useful  consist  of  10  per 
cent,  acetanilid,  10  per  cent,  boric  acid,  3  per  cent,  phenol;  or  one  con- 
taining starch,  1  dram,  zinc  oxid,  1  dram,  and  benzoinated  lard,  6 
drams.  In  vulvitis  occurring  as  an  extension  of  vaginitis,  vaginal 
douches  and  medicated  tampons  are  a  necessary  part  of  the  treat- 
ment.    (See  Vaginitis.) 

The  treatment  of  gonorrheal  xndvitis  consists  in  cleansing  the  vulva 
with  warm  solutions  of  bichlorid  of  mercury  1 :  5000,  or  potassium 
permanganate  1:2000,  and  the  application,  by  means  of  a  cotton 
swab,  of  solutions  of  argyrol,  25  per  cent.,  protargol,  2  to  5  per  cent., 
or  mercurol,  2  per  cent.  The  vulvar  lips  should  be  kept  apart  with 
pledgets  of  sterile  gauze.  Unless  the  vagina  is  involved,  vaginal 
douches  should  be  prohibited.  The  best  results  in  the  treatment  of 
chronic    gonorrheal    vulvitis    are    obtained   by    the    employment    of 
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stimulating  applications,  such  as  diachylon  ointment  or  citrine  oint- 
ment, 25  per  cent.;  or  one  composed  of  phenol  and  menthol,  20  grains 
of  each,  camphor,  30  grains,  and  benzoinated  lard,  1  ounce.  It  is 
especially  in  the  chronic  form  that  any  underlying  constitutional  dys- 
crasia,  as  diabetes,  gout,  or  rheumatism,  should  be  looked  for. 

Bartholinitis,  or  inflammation  of  the  vulvovaginal  glands, 
almost  invariably  is  due  to  infection  by  the  gonococcus,  and  occurs 
as  an  extension  of  gonorrheal  vulvitis.  Occasional  causes  are  trauma 
and  infected  discharges  from  the  uterus.  The  infection  may  involve 
the  duct  alone,  without  extending  into  the  glandular  substance  itself. 
The  ostium  becomes  swollen,  reddened,  and  prominent,  and  pressure 
upon  the  duct  causes  the  appearance  of  a  drop  of  thick  yellow  pus. 
The  symptoms  are  those  of  the  accompanying  vulvitis. 

The  infection  may  persist  in  the  duct  after  it  has  disappeared 
from  the  other  vulvar  tissues,  and  subsequently,  as  the  result  of 
coition  or  other  irritation,  reproduce  vulvar  inflammation.  When 
the  deeper  structure  of  the  gland  is  involved,  it  usually  results  in  the 
formation  of  an  abscess.  This  may  occur  either  during  or  subsequent 
to  the  acute  stage  of  vulvovaginitis.  The  abscess  appears  as  an 
ovoid  swelling  in  the  posterior  part  of  the  labium.  The  surface  of 
the  tumefaction  is  somewhat  glistening,  hyperemic,  and  occasionally 
bluish,  especially  over  the  area  where  pus  has  formed.  It  is  of  doughy 
consistence,  and  fluctuates  when  it  has  undergone  suppuration. 

Symptoms. — The  symptoms  are  burning  or  throbbing  pain  in  the 
vulva,  aggravated  by  standing  or  walking,  and  relieved,  if  at  all,  only 
when  the  patient  is  recumbent.  There  may  be  a  discharge  of  greenish, 
foul  pus  through  the  duct,  but  frequently  this  is  occluded.  It  rarely 
undergoes  spontaneous  recovery,  and  even  after  apparent  cure  of 
abscess  formations  by  incision  and  evacuation,  recurrences  are  common. 

Treatment. — In  the  early  stage,  before  suppuration,  the  treatment 
consists  of  rest  in  bed  and  the  application  of  hot  poultices  for  the 
relief  of  pain,  which,  if  severe,  should  be  relieved  by  moderate  doses 
of  morphin.  Plass  reports  21  cases,  in  which  14  patients  were  success- 
fully treated  according  to  Bier's  hyperemia  method,  by  a  specially 
constructed  apparatus,  the  entering  tube  of  which  is  prolonged  within 
the  glass,  so  that  the  rubber  tubing  and  ball  cannot  be  infected  with 
the  discharge.  The  glass  is  so  placed  that  the  outlet  of  the  inflamed 
gland  lies  within  the  opening.  It  is  applied  for  thirty  minutes  with 
the  patient  in  bed  in  two  sittings  each  day.  The  pain  is  relieved, 
the  infiltration  disappears,  and  the  secretion  soon  becomes  normal. 

After  an  abscess  has  formed,  it  should  be  freely  incised  upon  the 
inner  aspect  of  the  labium,  the  pus  cavity  thoroughly  evacuated, 
swabbed  with  pure  phenol,  and  drained  with  iodoform  gauze.  The 
gauze  drain  should  be  changed  daily  as  long  as  pus  is  present.  To 
avoid  the  possibility  of  a  recurrence,  the  gland  should  be  completely 
extirpated  after  the  subsidence  of  the  acute  symptoms. 

Extirpation  is  accomplished  by  incision  of  the  overlying  structures, 
extending  the  entire  length  of  the  swelling.      The  bulging  glandular 
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tissue,  unless  it  is  cystic,  is  grasped  with  forceps  and  removed  from 
the  surrounding  structures  either  by  blunt  dissection,  which  is  prefer- 
able, or  by  cutting  around  it  with  scissors  or  scalpel.  Hemorrhage, 
if  profuse,  should  be  controlled  by  ligating  the  bleeding  vessels. 
Usually,  however,  the  bleeding  is  controlled  by  the  sutures  employed 
to  close  the  wound.  These  consist  of  interrupted  sutures  of  silkworm- 
gut  placed  about  one-third  of  an  inch  apart,  and  passed  deeply  so  as 
to  obliterate  the  cavity  left  by  the  removal  of  the  gland.  Dry  dressings 
are  applied  and  held  in  place  by  a  T-bandage.  The  sutures  should 
be  removed  in  about  a  week. 

Cyst  of  Bartholin's  gland  may  occur  from  an  occulsion  of  the 
duct  resulting  in  a  retention  of  the  glandular  secretion;  or,  as  is  fre- 
quently the  case,  precipitation  of  the  solid  constituents  of  a  chronic 
abscess  upon  the  walls  of  the  sac  takes  place,  leaving  the  watery  ele- 
ments to  form  the  enlargement.  The  cyst  appears  as  a  globular, 
elastic  tumor  in  the  posterior  half  of  the  vulva.  It  may  vary  in  size 
from  that  of  a  hazel-nut  to  that  of  a  large  lemon.  Cysts  of  the  duct 
are  usually  smaller  and  more  superficial  than  those  of  the  gland  proper. 

Symptoms. — The  smaller  cysts  are  usually  without  symptoms. 
The  larger  produce  a  sense  of  fullness  in  the  vulva  and  discomfort, 
especially  on  walking.  Being  a  source  of  constant  irritation,  they 
may  induce  inflammation  and  suppuration. 

Diagnosis. — The  location  of  the  tumor,  its  globular  form,  elas- 
ticity, and  painlessness  will  usually  determine  its  nature.  It  must  be 
differentiated  from  labial  hernia,  hematoma,  and  hydrocele. 

Treatment. — Extirpation.  To  insure  its  complete  removal  it  is 
advised  first  to  puncture  and  empty  the  cyst  cavity,  then  fill  it  with 
melted  paraffin,  which  may  be  quickly  hardened  by  the  application 
of  ice.  This  is  best  accomplished  by  the  use  of  an  antitoxin  syringe, 
with  a  needle  having  a  large  bore.  The  secondary  tumor  thus  formed 
presents  definite  outlines  and  facilitates  the  removal  of  the  entire  sac. 
The  wound  should  be  closed  with  deep  sutures,-  as  recommended  in 
chronic  inflammatory  conditions  of  the  gland  following  abscess  forma- 
tions. 

Abscess  of  Skene's  Ducts. — The  extension  of  gonorrheal  vulvo- 
vaginitis to  the  urethra  is  so  common  «es  to  be  almost  pathognomonic. 
The  urethral  inflammation  is  usually  transient.  It  may  persist, 
however,  in  Skene's  ducts,  and  result  in  suppuration.  These  ducts, 
the  open  mouths  of  which  may  be  seen  on  the  floor  of  the  urethra, 
one-eighth  cf  an  inch  from  the  meatus,  extend  upward  beneath  the 
mucous  membrane  about  three-fourths  of  an  inch.  The  abscesses 
thus  formed,  therefore,  are  suburethral  in  character,  and  project  as 
painful,  ovoid,  fluctuating  tumors  in  the  vestibule  of  the  vagina,  on 
each  side  of  the  urinary  meatus.  Pressure  upon  them  results  in  the 
appearance  of  pus  at  the  urethral  orifice.  These  abscess  formations 
are  very  rare,  only  one  case  of  the  kind  (Fig.  118)  having  come  under 
my  own  observation  at  the  gynecologic  clinic  of  the  Jefferson  Hospital 
in  twenty  years. 


SURGERY  OF  THE  VULVA.  393 

Treatment. — Evacuation  of  the  abscesses  by  free  incisions  and 
iodoform  gauze  packing  until  the  cavities  have  become  obliterated. 

Lupus  of  the  Vulva. — If  the  term  is  to  signify  demonstrable 
tuberculous  disease,  lupus  of  the  vulva  and  vagina  is  extremely  rare. 
The  discovery  of  tubercle  bacilli  is  essential  to  establish  an  undoubted 
diagnosis.  The  process  is  characterized  by  ulcerative  areas,  having 
grayish,  friable  granulations  and  tuberculous  nodules  undergoing 
cheesy  degeneration,  in  addition  to  an  increased  growth  of  the  con- 
nective-tissue elements,  with  consequent,  thickening  and  induration. 
While  the  ulcerations  indicate  active  involvement  of  structure  at 
some  points,  in  others  there  is  an  evident  tendency  toward  cicatriza- 
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tion,  with  apparently  healthy  intervening  tissue.  It  is  generally 
found  in  the  second  and  third  decades  of  life. 

Symptoms  and  Prognosis. — The  disease  is  attended  by  little  pain, 
is  essentially  chronic  in  its  manifestations,  and  may  continue  for  years 
without  impairing  the  patient's  general  health.  The  prognosis  depends 
on  whether  the  disease  is  primary  or  secondary.  If  primary,  a  cure 
can  be  effected;  if  secondary,  recurrence  is  apt  to  follow  its  removal. 
Its  localization  in  the  vulva  may  be  the  most  prominent  symptom, 
while  the  original  focus  of  the  disease  remains  concealed. 

Treatment. — The  treatment  is  the  same  as  tuberculous  disease 
in  other  portions  of  the  body.  An  outdoor  life,  good  nutrition,  and 
general  tonics  are  always  indicated.  Locally,  the  treatment  consists 
in  the  thorough  removal  of  the  disease  by  the  use  of  the  knife,  curet, 
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or  actual  cautery.  The  x-ray  has  been  used  with  apparent  success 
in  a  few  instances. 

Pruritus  vulvae  is  a  symptom,  not  a  disease,  and  is  charac- 
terized by  itching  of  the  vulva.  It  occurs  as  a  result  of  an  irritation 
of  the  sensory  nerve-endings  in  the  skin,  and  frequently  depends  upon 
causes  difficult  of  detection,  while  in  no  small  percentage  of  cases  its 
etiology  remains  unsolved,  thus  accounting  for  its  persistency  and 
intractability.  The  neuropathic  temperament  generally  is  an  essen- 
tial predisposing  factor,  and  in  some  cases  appears  to  be  the  originating 
center.  It  is  not  an  infrequent  complication  of  melancholia  and 
other  forms  of  insanity,  and  its  presence  in  young  widows  and  in  women 
whose  husbands  are  absent  for  a  long  time  tends  to  prove  a  purely 
neurotic  basis,  resulting  from  unsatisfied  sexual  emotions.  Derma- 
tologists as  well  as  neurologists  admit  a  pruritus  of  nervous  origin. 
While  the  tendency  to  a  morbid,  nervous  impressibility  exists  in  al- 
most all  cases,  the  usual  exciting  causes  may  be  classified  as  constitu- 
tional, local,  and  external. 

Among  constitutional  causes  are  the  various  diatheses;  diabetes, 
nephritis,  icterus,  and  circulatory  disturbances.  Some  patients  suffer 
from  it  upon  approach  of  menstruation  or  at  the  time  of  the  flow, 
while  others  are  afflicted  only  during  pregnancy.  Local  causes  include 
all  forms  of  disordered  and  diseased  conditions  of  the  vulva  and  anus, 
irritating  discharges  of  every  description  from  the  vagina,  or  rectum 
and  changes  due  to  the  menopause  or  old  age.  Exceptionally,  it 
undoubtedly  depends  upon  reflex  irritation  provoked  by  intestinal 
disease  or  some  disorder  of  the  internal  generative  organs.  The 
external  causes  may  be  thermic,  mechanic,  or  parasitic.  Some  patients 
suffer  from  this  symptom  in  winter  and  others  in  summer.  Masturba- 
tion, undue  manipulation  of  the  parts,  especially  with  dirty  hands, 
the  presence  of  pediculi,  ascarides,  and  various  forms  of  vegetable 
parasites,  are  the  exciting  factors  in  many  cases.  Kelly  suggests  the 
possible  presence  of  some  unrecognized  organism  pululating  in  the 
moisture  and  secretion  of  the  parts  as  a  cause. 

Every  case  of  pruritus,  irrespective  of  the  supposed  cause,  demands 
an  examination  of  the  urine,  because,  of  all  constitutional  disorders, 
diabetes  is  the  underlying  disease  in  a  large  proportion  of  cases. 

Symptoms. — The  one  dominant  feature  is  itching  of  a  portion  or 
of  the  entire  vulva.  Beginning  as  a  slight  irritation,  sooner  or  later 
it  provokes  an  irresistible  inclination  to  scratch  and  rub  the  affected 
parts.  This  in  turn  causes  more  pronounced  itching,  leads  to  more 
constant  scratching,  with  consequent  abrasions  and  inflammatory 
changes  that  continue  to  aggravate  the  original  trouble,  thus  estab- 
lishing a  vicious  circle  that  results  in  loss  of  sleep  and  rest,  failing 
nutrition,  and  an  increasing  nervous  irritability,  which  in  rare  instances 
terminates  in  insanity  and  may  even  end  in  suicide.  Such  pronounced 
evidences  of  the  infection  are  not  present  in  all  cases,  but  in  accordance 
with  the  underlying  cause,  the  symptoms  may  vary  from  insignificant 
and  occasional  itching  to  continual  torment.     The  irritation  usually 
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is  intermittent  in  its  manifestations,  the  remissions  occurring  at  inter- 
vals of  hours  or  days.  It  is  usually  worse  at  night,  during  the 
warm  season,  and  when  the  patient  becomes  overheated  from  any 
cause. 

Treatment. — To  ascertain  and  remove  the  underlying  cause  is 
the  first  indication.  Constitutional  conditions  and  localized  diseased 
processes  must  be  met  in  accordance  with  commonly  recognized  plans 
of  treatment  that  need  not  be  referred  to  here.  ■ 

If  supposed  to  depend  upon  a  discharge  from  the  vagina,  the  source 
of  this  discharge  should  be  sought  for,  and  a  test  made  to  prove  that 
its  presence  is  the  responsible  factor.  This  may  be  done  by  first 
cleansing  the  vagina  and  then  holding  back  the  discharge  with  a  sterile 
tampon,  and  in  proportion  to  the  relief  secured  will  this  be  determined 
as  a  cause  of  the  trouble.  This  done,  proper  measures  directed  toward 
the  correction  of  the  special  disorder  causing  the  discharge,  or  for 
neutralizing  its  deleterious  influence,  should  be  instituted.  When 
the  irritation  is  of  parasitic  origin,  or  depends  upon  the  presence  of 
special  micro-organisms,  the  parts  should  be  shaven,  thoroughly 
scrubbed  with  soap  and  water,  and  then  treated  with  appropriate 
germicides.  Special  skin  lesions  should  be  treated  as  elsewhere  on 
the  body  surface. 

For  the  mere  alleviation  of  the  pruritus  itself  there  is  hardly  a 
lotion,  ointment,  or  powder  supposed  to  have  the  property  of  allaying 
irritation  that  has  not  been  tried  and  found  wanting.  The  application 
of  very  hot  water  often  gives  decided  relief.  Washes  or  ointments 
containing  one  or  more  of  the  following  have  been  found  useful: 
Carbolic  acid,  cocain,  lead-water  and  laudanum,  boric  acid,  menthol, 
alcohol,  borax,  chloral,  camphor,  lime-water,  ichthyol,  guaiacol, 
nitrate  of  silver,  diachylon  ointment,  and  calomel  powders.  As  the 
trouble  is  aggravated  by  friction,  heat,  and  nervous  excitement, 
these  things  should,  if  possible,  be  avoided.  Tea  and  coffee,  stimu- 
lants, rich  and  highly  seasoned  foods  of  every  description  should  be 
interdicted.  Proper  hygienic  conditions  with  reference  to  environ- 
ment, air,  bathing,  clothing,  and  exercise  often  aid  the  physician  in 
bringing  about  a  cure  in  an  otherwise  intractable  case.  In  the  general 
treatment  of  these  cases,  the  nervous  element  should  not  escape 
attention.  In  those  of  a  purely  neurotic  type,  e.  g.,  without  demon- 
strable lesion,  the  skill  and  tact  of  the  attendant  may  be  taxed  to  the 
utmost,  and  often  without  result.  The  x-ray  might  prove  of  value 
in  some  cases. 

When  local  and  constitutional  measures  fail  to  give  relief,  one 
of  two  plans  may  be  followed  surgically:  either  the  parts  affected 
can  be  excised,  or  resection  of  the  sensory  nerves  innervating  the 
structures  can  be  done.  Hirst  reports  three  cures  by  resecting  the 
genital  branch  of  the  genitocrural,  the  ilio-inguinal,  the  perineal 
branches  of  the  pudic,  the  dorsal  nerve  of  the  clitoris,  and  the  inferior 
or  long  pudendal  nerve  on  both  sides.  To  do  this  requires  four  in- 
cisions:      Two  corresponding  with  the  incisions  for  the  Alexander 
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operation;  two  along  the  inner  edges  of  the  ascending  rami  of  the 
ischia,  from  the  tuberosity  to  a  point  two  inches  above  it. 

Vaginismus,  like  pruritus  vulvae,  is  a  symptom  and  not  a  disease; 
the  two  conditions  may  be  associated.  It  is  characterized  by  painful 
tetanic,  neuromuscular  spasms  of  either  the  muscles  surrounding  the 
vulvovaginal  orifice  (vaginismus  inferior)  or  the  levator  ani  muscles 
(vaginismus  superior).  It  is  excited  more  especially  by  efforts  at  coi- 
tion or  upon  an  attempt  to  make  a  vaginal  examination. 

Etiology  and  Symptoms. — In  most  cases  it  is  a  distinct  neurosis 
occurring  in  young,  nervous,  hysteric  brides,  but  may  develop  in 
women  who  have  borne  children.  In  some  cases  it  is  secondary  to 
irritating  or  painful  diseased  conditions  of  any  portion  of  the  genital 
system,  pelvic  peritoneum,  bladder,  urethra,  or  rectum.  Among 
the  most  frequent  local  causes  are  fleshy,  unyielding  or  inflamed  hy- 
men, irritable  carunculae  myrtiformes,  fissures  and  abrasions  of  the 
introitus,  neuroma  of  the  fossa  navicularis,  urethral  caruncle,  and 
anal  fissure.  On  the  part  of  the  male,  an  unusually  large  penis  or 
ill-directed  efforts  at  coitus,  impotence,  or  premature  ejaculation 
may  induce  extreme  nervous  irritability  and  localized  sensitiveness 
in  the  wife,  with  resulting  vaginismus. 

The  spasmodic  and  painful  manifestations  incident  to  the  muscular 
contractions  usually  render  intercourse  impossible.  If  the  hyper- 
sensitive area  involves  the  vulvar  structures,  painful  spasms  of  the 
vulvovaginal  orifice  may  be  excited  by  the  slightest  touch,  and  at- 
tempts at  coition  may  be  attended  with  tetanic  seizures  of  the  mus- 
cles of  the  thighs  and  convulsive  movements  of  the  entire  body.  If 
the  levator  ani  is  at  fault,  no  difficulty  may  be  encountered  at  the 
vaginal  entrance,  but  upon  partial  penetration  a  resisting  contraction 
is  met  with,  and  if  the  spasm  for  the  moment  is  overcome  and  the  head 
of  the  penis  passes  the  edge  of  the  levator,  the  corona  of  the  organ 
may  be  encircled  by  the  muscle,  resulting  in  temporary  vaginal 
imprisonment  (penis  captivus),  with  excruciating  suffering  to  both 
participants.  Women  suffering  from  persistent  vaginismus  usually 
are  very  nervous  and  irritable,  and  sooner  or  later  fail  in  general 
health. 

Prognosis. — This  is  unfavorable  as  to  cure  if  nothing  is  done. 
Sterility  is  common.  If  successful  coitus  on  the  part  of  the  male  is 
at  all  possible,  one  or  two  repetitions  of  the  act  may  overcome  the 
difficulty.  Pregnancy  and  its  normal  termination  usually  effects  a 
cure.  Removal  of  the  localized  causes  likewise  relieves  the  condition, 
but  not  in  all  cases. 

Treatment. — Interdict  attempts  at  coition  until  a  cure  has  been 
effected,  unless  convinced  of  the  possible  consummation  of  the  act 
and  of  its  therapeutic  value.  The  patient  should  occupy  a  room  and 
bed  alone.  Insist  upon  making  a  thorough  pelvic  examination,  if 
necessary  under  anesthesia,  and  thus  ascertain,  if  possible,  the  under- 
lying cause.  Whatever  the  structural  lesion  (with  few  exceptions) 
may  be,  even  if  its  eradication  is  not  to  be  attempted  at  the  time, 
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but  more  especially  if  no  appreciable  local  cause  is  discovered,  advan- 
tage should  be  taken  of  the  patient's  anesthetic  state  forcibly  to 
overstretch  the  vagina  with  the  fingers  to  the  extent  of  feeling  some  of 
the  sphincter  fibers  give  way.  This  in  itself  may  afford  considerable 
relief,  and  will  effect  a  cure  in  not  a  few  of  the  simpler  forms  of  the 
trouble. 

Whatever  else  may  be  necessary,  the  patient's  general  health 
should  not  be  neglected.  A  proper  hygienic  regimen  concerning 
hours  of  rest  and  sleep,  exercise,  bathing,  and  attention  to  the  diges- 
tive and  eliminative  organs  are  essential  to  secure  the  best  results. 

The  cases  depending  upon  gross  pelvic  lesions  usually  are  the 
easiest  cured.       The  removal  of  the  disease  generally   relieves  the 
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Fig.  119. — V-Shaped  Incikion  TiiRoron  Lev- 
ator An  i  Muhcles*  and  Perineum  for 
Vaginismus  (Sims). 


Fia.  120. — Incision  drawn  out  (Hirst). 
Sutures  introduced. 


condition,  excepting  in  those  with  an  established,  localized,  hyper- 
sensitive habit,  and  these  finally  yield  to  appropriate  local  and  con- 
stitutional measures.  If  abnormalities  of  the  hymen  or  caruncles 
are  the  causative  factors,  they  should  be  treated  or  removed  as  may 
be  indicated.  Fissures  of  the  introitus  or  the  anus  should  be  treated 
by  divulsion  and  applications  of  nitrate  of  silver.  Neuromata  of  the 
fossa  navicularis  and  urethral  caruncles  require  thorough  removal, 
and  all  other  local  abnormalities  should  be  met  in  accordance  with 
well-known  principles  of  surgery. 

The  severe  cases  without  a  demonstrable  cause  are,  as  a  rule,  the 
most  intractable  to  treatment.     In  mild  cases  of  a  neurotic  type  a 
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pledget  of  cotton  saturated  with  a  5  per  cent,  solution  of  cocain  and 
placed  into  the  vaginal  orifice  about  ten  minutes,  followed  by  some 
unguent,  usually  permits  intercourse  without  exciting  spasm  and 
pain.  In  1887  I  reported  a  case  of  an  aggravated  character  completely 
relieved  by  the  vaginal  application  of  galvanism.  In  some  of  the 
severer  forms  of  the  affection  a  cure  is  effected  by  forcible  dilatation 
under  ether,  as  already  indicated,  followed  by  the  introduction  of  a 
snugly  fitting  glass  plug,  to  be  worn  from  three  to  four  hours  daily, 
extending  over  a  period  of  several  weeks  or  months.  In  obstinate 
and  otherwise  intractable  cases  with  no  palpable  cause,  Sims  recom- 
mended excision  of  the  hymen,  forcible  stretching  of  the  vaginal  ori- 
fice, followed  by  V-shaped  incisions,  extending  deeply  into  both  vaginal 
sulci,  two  inches  in  length,  and  half-way  through  the  perineum.  Bougies 
as  large  as  could  be  tolerated  were  then  introduced  and  worn  from 
two  to  four  hours  daily,  extending  over  a  period  of  two  or  three  weeks. 
Hirst  makes  practically  the  same  incisions  (Fig.  119),  and  then 
introduces  a  transverse  row  of  sutures  from  above  downward, 
uniting  the  vaginal  mucous  membrane  to  the  skin  of  the  perineum 
(Fig.  120).  He  thus  secures  a  dilatable  vulvar  orifice  and  introitus, 
with  a  lessened  degree  of  the  contractile  power  of  the  levator  ani, 
and  in  this  way  claims  to  have  cured  some  of  the  worst  cases.  Tavel 
resects  the  internal  pudic  nerve.  This  is  reached  on  each  side  by  an 
anteroposterior  incision  in  the  corresponding  ischiorectal  fossa,  mid- 
way between  the  tuberosity  of  the  ischium  and  the  outer  margin 
of  the  anus.  The  nerve  is  located  by  the  pulsation  of  the  accom- 
panying artery  and  divided.  The  peripheral  portion  is  then  twisted 
off. 

Kraurosis  vulvae  was  first  described  by  Briesky  in  1885.  It  is 
a  rare  disease. 

Pathology  and  Etiology. — A  specific  form  of  progressive  atrophy 
and  contraction  of  the  vulva.  The  vestibule  presents  depressed, 
irregular,  reddish-brown  spots  that  disappear  as  the  disease  progres- 
ses. The  labia  and  clitoris  become  pale,  shrunken,  wrinkled,  and 
as  distinct  formations  may  become  completely  obliterated.  In  the 
later  stages  of  the  disease  the  sebaceous  and  sudoriferous  glands,  the 
hair-follicles,  and  likewise  the  blood-vessels  disappear,  the  parts  be- 
come whitish,  striated,  brittle,  and  present  the  appearance  of 
irregular  cicatrices.  The  vulvovaginal  orifice  becomes  narrowed  and 
inelastic.  Longyear  has  observed  sclerosis  of  the  loose  cellular  tissue 
of  the  parts  as  the  essential  lesion,  which,  by  its  contraction,  obliterates 
the  nutrient  vessels,  thus  causing  the  characteristic  shrinkage  of  the 
overlying  structures.  The  cause  of  the  disease  is  unknown.  It  is 
found  in  virgins  and  married  women,  in  adult  life  and  old  age.  In 
some  cases  it  has  followed  removal  of  the  ovaries.  It  predisposes  to 
cancer. 

Symptoms. — Some  of  these  patients  suffer  little  or  no  inconvenience 
until  late  in  the  progress  of  the  disease.  Burning  pain,  intense  pruri- 
tus, and  dyspareunia  are  among  the  most  prominent  symptoms.     A 
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disagreeable  tension  of  the  skin  in  walking  and  smarting  pain  on 
urination  are  likewise  complained  of.  The  hyperesthesia  and  pruritus, 
with  loss  of  sleep  and  consequent  anorexia,  sooner  or  later  affect  the 
patient  constitutionally. 

Treatment. — The  complete  removal  of  the  sclerosed  cellular 
tissue,  together  with  the  contracted  overlying  structures,  is  the  only 
treatment  that  offers  any  hope  of  cure  or  relief  from  the  distressing 
symptoms.  The  stenosis  is  incurable.  As  a  soothing  application, 
and  especially  for  protecting  the  parts  during  urination,  an  application 
of  carbolized  mutton-suet  is  of  some  value. 

Hypertrophies  and  Benign  New-growths  of  the  Vulva. 

Simple  hypertrophy  of  the  vulva,  sufficient  to  be  considered 
abnormal,  rarely  involves  all  the  vulvar  structures.  The  parts  most 
frequently  affected  are  the  labia  minora  and  the  clitoris. 

Hypertrophy  of  the  labia  minora  may  involve  one  or  both  labia 
to  a  degree  that  they  may  extend  down  and  unite  in  front  of  or  behind 
the  anus,  and  in  some  cases  project  like  wings  or  aprons  covering  the 
vestibule  and  the  clitoris.  It  is  not  an  infrequent  abnormality  among 
Hottentots,  in  whom  the  hypertrophied  labia  may  reach  to  the  knees. 

Irritation  from  friction,  frequently  resulting  in  inflammatory 
changes,  is  the  principal  symptom. 

Treatment. — Amputation  of  the  labia. 

Hypertrophy  of  the  clitoris  may  occur,  so  that  the  organ  attains 
the  size  of  a  boy's  penis.  The  condition  in  some  cases  leads  to  onanism 
from  friction,  interferes  with  coitus,  or  gives  an  abnormal  direction 
to  the  stream  of  urine. 

Treatment. — Partial  or  complete  amputation  of  the  organ  is  the 
only  remedy,  but  should  not  be  advised  unless  the  condition  causes 
symptoms. 

Clitoridcctomy ,  or  excision  of  the  clitoris,  may  not  only  be  demanded 
in  cases  of  hypertrophy,  but  for  the  cure  of  malignant  or  tuberculous 
disease,  or  for  the  relief  of  extreme  hyperesthesia  of  the  organ.  A 
circular  incision  is  made  around  the  exposed  portion  of  the  organ;  the 
prepuce  is  then  slit  close  to  the  symphysis;  the  clitoris  is  nowT  dissected 
out  of  the  surrounding  tissues,  and  severed  close  to  its  origin  from  the 
crura.  Hemorrhage  is  controlled  by  ligatures,  and  the  wound  is 
closed  by  deep  and  superficial  sutures,  as  may  be  indicated. 

Hypertrophy  of  the  prepuce  of  the  clitoris  and  adhesions  of  the 
prepuce  and  glans  are  abnormalities  that  frequently  cause  very  annoy- 
ing symptoms.  The  irritation  of  the  former  may  lead  to  masturba- 
tion, while  the  latter,  owing  to  the  irritation  of  the  glans  by  decom- 
posing smegma,  may  cause  serious  neurotic  disturbances. 

Treatment — Amputation  of  the  redundant  skin,  with  suture  of 
the  wound  in  the  one,  and  breaking  up  the  adhesions  and  keeping 
the  surfaces  apart  until  the  parts  have  healed  in  the  other,  are  the 
indications. 
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Elephantiasis  of  the  vulva  is  characterized  by  hypertrophy 
of  the  skin  and  subjacent  connective  tissue,  associated  with  dilatation 
of  the  lymph-channels.  It  should  not  be  confounded  with  the  ele- 
phantiasis of  the  tropics,  which  is  of  parasitic  origin  and  usually  affects 
the  lower  extremities.  The  non-parasitic  variety  may  be  met  with 
in  any  climate.  It  may  be  of  rapid  or  slow  growth,  covering  from 
one  to  thirty  years.  The  clitoris,  labia  minora,  labia  majora,  and 
perineum  are  the  principal  points  of  origin  of  the  disease.  The  result- 
ing tumor  may  involve  the  whole  or  part  of  the  vulva,  may  attain  a 
size  to  reach  below  the  knees,  and  weigh  thirty  or  more  pounds.  The 
surface  of  the  growth  may  be  smooth,  rough,  warty,  or  ulcerated, 
and  is  frequently  fissured  and  lobulated.  Negresses  are  very  much 
more  susceptible  to  the  disease  than  white  women. 

The  etiology  of  the  disease  is  unknown,  but  it  is  generally  conceded 
that  syphilis  is  the  most  frequent  cause.  An  obstruction  to  the  lymph- 
channels  appears  to  be  an  essential  factor  in  its  development,  depend- 
ing ,in  some  cases  upon  chronic  inflammatory  changes. 

Symptoms. — Itching,  dull  aching  pain,  and  ulceration  are  among 
the  most  prominent  symptoms,  and,  in  accordance  with  its  size,  the 
tumor  may  cause  difficulty  in  walking,  urination,  defacation,  and 
copulation.  The  disease  in  itself  does  not  impair  the  patient's  general 
health,  but  the  mechanic  difficulties  that  may  ensue  and  the  abrasions 
and  ulcerations  from  friction  that  usually  attend  these  growths  may 
lead  the  patient  to  adopt  a  secluded  and  sedentary  habit,  with  all  its 
evil  consequences. 

Diagnosis. — It  is  differentiated  from  other  growths  of  the  vulva 
by  its  being  a  simple  hyperplasia  and  hypertrophy  of  apparently  nor- 
mal skin  and  connective  tissue,  without  lines  of  demarcation.  In 
the  presence  of  doubtful  ulcerations  a  section  of  the  tissue  should  be 
examined  microscopically. 

Treatment* — This  consists  in  the  removal  of  the  hypertrophied 
structures.  In  some  cases  it  may  be  necessary  to  place  the  patient 
on  a  preliminary  course  of  antisyphilitic  remedies,  or  to  treat  the 
diseased  parts  with  antiseptic  washes  and  douches  for  several  days 
before  operation. 

The  operations  should  be  done  under  the  strictest  aseptic  and 
antiseptic  precautions,  in  order  to  avoid  infection  and  its  ready  dis- 
semination through  the  dilated  lymph-channels.  Before  using  the 
knife  all  ulcerated  surfaces  should  be  thoroughly  seared  with  the 
thermocautery.  By  enveloping  the  mass  with  gauze,  a  firm  hold  may 
be  secured  for  fixation  and  traction,  while  the  tissues  about  the  base 
are  incised  from  above  downward,  leaving  enough  skin  to  cover  the 
resulting  wound.  A  portion  of  the  involved  skin  may  be  retained 
for  forming  flaps  without  incurring  the  risk  of  a  recurrence  of  the 
disease.  Time  will  be  saved  by  excising  the  whole  mass  at  once,  con- 
trolling the  bleeding  wTith  hemostats,  and  subsequently  ligating  the 
clamped  vessels,  and  then  closing  the  wound  with  deep  sutures.  In 
the  removal  of  very  large  tumors  Kelly  recommends  pulling  out  the 
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mass  to  form  a  pedicle,  transfixing  a  portion  of  the  base  with  two  or 
three  stout  silk  sutures,  one  below  the  other,  severing  the  correspond 
ing  portion  of  the  pedicle  overlying  the  sutures,  then  tying  the  sutures. 
This  is  followed  by  a  succession  of  similar  steps  until  the  whole  tumor 
has  been  removed  and  the  wound  closed,  with  but  little  hemorrhage. 
(See  also  Vol.  II,  p.  5950 

Condylomata  of  the  Vulva.-— These  warty  hypertrophies  may 
be  non-specific,  gonorrheal,  or  syphilitic. 

Nonspecific  condylomata  occur  in  two  forms:  (1)  Hard  papillo- 
mata  (ordinary  warts)  may  appear  singly  or  be  widely  separated  by 
healthy  skin,  as  on  other  portions  of  the  body  surface.  They  are  not 
caused  by  infection,  neither  do  they  infect  the  parts  with  which  they 
come  in  contact.  (2)  Pointed  warty  growths  of  a  less  resisting  character 
than  the  preceding  type,  occurring  singly  or  grouped  in  conglomerate 
masses,  usually  pedunculated,  may  develop  as  a  result  of  the  nutritive 
stimulus  incident  to  gestation,  or  may  spring  from  an  irritative  base, 
superinduced  by  mere  uncleanliness,  while  in  some  cases  no  assignable 
cause  for  their  appearance  can  be  detected.  They  may  be  autoinoc- 
ulable. 

Gonorrheal  condylomataf  or  condylomata  acuminata,  pointed  con- 
dylomata (venereal  warts),  develop  upon  an  inflammatory  base  of 
gonorrheal  origin  in  any  portion  of  the  vulva,  and  rarely  in  the  vagina. 
The  papillomatous  outgrowths  are  branched  and  pointed;  they  oc- 
cur singly,  in  groups,  or  as  confluent,  cauliflower  masses.  In 
color  they  vary  from  a  grayish-white  to  bright  red.  Ulcerations  are 
rare  unless  the  outgrowths  are  exposed  to  friction  or  other  forms  of 
direct  irritation.  The  surface  is  usually  soft  and  moist,  and  may  be 
the  seat  of  a  profuse  fetid  secretion  that  irritates  the  surrounding 
skin.  Similar  growths  upon  adjacent  skin  surfaces  produced  by 
contact  infection  are  common.  They  grow  very  rapidly  during  preg- 
nancy, and  may  disappear  after  the  puerperium.  The  gonococcus 
merely  is  a  predisposing  factor,  and  not  the  essential  cause  in  their 
development. 

Syphilitic  condylomata,  or  condylomata  lata,  broad  condyloma,  are 
merely  soft,  grayish,  exuberant,  and  exaggerated  warty  excrescences, 
with  broad  bases  that  might  well  be  termed  elevated  mucous  patches, 
having  the  same  pathologic  characteristics. 

Treatment. — Hard  papillomata  (ordinary  warts)  have  no  special 
clinical  significance  unless  they  are  of  large  size,  exposed  to  friction, 
or  otherwise  unfavorably  situated.     Excision  is  the  proper  treatment. 

Non-specific  pointed  condylomata ,  as  well  as  those  of  gonorrheal 
origin,  demand,  first  of  all,  the  removal  of  the  cause  by  the  use  of 
antiseptic  douches  and  cleansing  washes.  The  application  of  a  drying 
powder,  consisting  of  equal  parts  of  calomel  and  salicylic  acid,  with 
a  prolonged  daily  exposure  of  the  parts  to  pure  air  and  sunlight,  may 
bring  about  a  cure  in  the  less  aggravated  forms  of  the  trouble.  The 
application  of  a  saturated  solution  of  iodoform  in  collodion  or  a  dram 
of  salicylic  acid  to  the  ounce  of  collodion  has  been  found  useful  in  some 
vol.  v— 26 
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cases.  Resorcinol,  eight  parts,  combined  with  one  part  each  of 
subnitrate  of  bismuth  and  boric  acid,  used  as  a  dusting-powder,  is 
highly  recommended  by  Boeck. 

In  all  cases  where  the  procedure  is  feasible,  especially  where  the 
condylomata  have  attained  considerable  development,  their  removal 
by  a  clean  surgical  operation  is  to  be  preferred. 

Small  condylomata,  though  widely  distributed,  after  cocainization 
of  the  parts  may  be  removed  with  scissors  or  a  sharp  curet.  A  firmly 
applied  compress  of  aseptic  gauze  usually  is  sufficient  to  control  the 
bloody  oozing  after  the  operation.  The  larger  growths  demand 
excision.  Owing  to  the  free  mobility  of  the  skin  in  the  immediate 
vicinity  of  the  operation  it  is  possible  to  remove  large  areas  of  the 
vulvar  skin  and  yet  to  cover  the  raw  surface  with  ease,  and  without 
undue  tension  on  the  sutures. 

Urethral  Caruncle. — Urethral  caruncles  are  localized  inflamma- 
tory hypertrophies  or  angeiomatous  growths  of  the  urethral  mucosa 
that  usually  project  from  the  external  urinary  meatus,  and  may, 
therefore,  be  considered  with  the  abnormalities  of  the  vulva.  They 
consist  of  excessively  vascularized  and  hypertrophied  papillae  and 
connective  tissue  of  the  mucous  membrane  of  the  urethral  orifice, 
forming  enlargements  of  a  cherry-red  color  that  vary  in  size  from  a 
millet-seed  to  a  pea  or  a  hazel-nut,  are  sessile  or  pedunculated,  single 
or  multiple,  and  may  extend  around  the  meatus  or  up  the  canal. 
In  accordance  with  their  nerve-supply  they  are  divided  into  simple 
and  neuromatous  caruncles. 

Symptoms. — A  simple  urethral  caruncle  is  without  nervous  elements 
and  is  painless.  In  a  neuromatous  caruncle  there  coexists  an  excessive 
development  of  nerve-elements,  with  a  corresponding  sensitiveness 
of  the  part,  so  that  urination,  coition,  locomotion,  and  even  the 
slightest  touch  may  cause  exquisite  pain.  As  a  consequence,  the 
patient  may  become  nervous,  hysteric,  or  greatly  depressed.  In  both 
types  hemorrhage  is  a  frequent  symptom.  A  careless  observer  may 
confound  the  condition  with  prolapse  of  the  urethra,  but  the  redupli- 
cated cuff-like  projection  of  the  mucous  membrane  is  usually  easily 
differentiated  from  the  vascular  outgrowth. 

Treatment. — Simple,  painless  angeiomatous  caruncles,  unless  they 
are  of  the  hemorrhagic  variety,  require  no  treatment.  Neuromatous 
and  hemorrhagic  growths  should  be  excised.  The  pedunculated 
growths,  if  single,  may  be  removed  with  knife  or  scissors,  after  cocaini- 
zation with  an  8  per  cent,  solution.  As  a  rule,  it  is  best  to  do  the 
operation  under  general  anesthesia,  so  that  the  parts  can  be  fully 
inspected  and  a  thorough  surgical  procedure  carried  out.  Unless  the 
growth  is  completely  extirpated,  it  may  recur.  A  sessile  tumor  should 
be  lifted  up  with  toothed  forceps,  and  excised  well  below  its  base  with 
curved  scissors.  Excessive  bleeding  may  follow  the  excision;  in 
closing  the  wound,  therefore,  the  stitches  should  be  carried  well  below 
the  raw  surface  and  securely  tied. 

The  operation  may  be  done  with  a  thermocautery.     By  this  means 


SURGERY  OF  THE  VULVA.  403 

not  only  is  hemorrhage  usually  avoided,  but  the  base  is  cauterized,  and 
this  serves  as  a  safeguard  against  a  return  of  the  growth;  or  the  tumor 
may  be  destroyed  by  the  use  of  the  electrothermic  needle  thrust  into 
the  depths  of  the  growths  at  different  points.  Excision,  however, 
should  "be  the  operation  of  choice.  The  thermocautery  cannot  be 
used  without  endangering  the  surrounding  tissues,  and  the  electro- 
thermic  needle  is  more  or  less  uncertain  in  its  results. 

Lipoma  of  the  Vulva. — Grad  found  but  29  cases  in  literature. 
They  have  been  met  with  in  infancy,  and  as  late  as  the  fifty-first  year. 
These  tumors  usually  present  the  same  characteristics  as  lipomata 
elsewhere.  They  vary  in  size  from  that  of  a  bean  to  a  tumor  weighing 
24  pounds,  and  may  be  sessile  or  pedunculated.  The  consistency  of 
the  tumor  varies  in  accordance  with  the  predominance  of  fat  or  fibrous 
tissue. 

Symptoms. — Small  growths  cause  no  symptoms.  The  larger 
growths  may  interfere  with  locomotion  and  coition,  or  prove  an  ob- 
struction to  labor. 

Treatment. — If  pedunculated,  the  pedicle  should  be  cut  and  the 
severed  vessels  ligated.  The  wound  should  then  be  closed  with  con- 
tinuous or  interrupted  sutures.  Sessile  growths  should  be  removed 
by  making  an  incision  over  the  growth  through  the  skin  and  enucleat- 
ing the  fatty  mass,  ligating  the  bleeding  vessels,  and  closing  the  wound 
with  sutures.  It  is  always  best  not  to  remove  any  of  the  overlying 
skin  until  the  growth  has  been  shelled  out,  in  order  to  avoid  a  deficiency 
of  skin  or  undue  tension  on  the  sutures  after  the  edges  have  been  ap- 
proximated. 

Fibromyoma  of  the  Vulva. — This  is  very  rare.  It  usually  origi- 
nates in  the  labia  majora  or  minora.  In  some  cases  it  arises  from  the 
round  ligament,  and  after  a  time  descends  into  the  labium  majus. 
Fibromyomata  of  the  vulva  are  of  slow  growth,  round,  and  well  do- 
fined,  usually  of  small  size,  but  may  attain  the  dimensions  of  an  adult 
head.  They  may  be  single  or  multiple,  sessile  or  pedunculated.  They 
are  subject  to  the  same  accidental  and  degenerative  changes  as  fibro- 
myomata of  the  uterus.  The  skin  overlying  the  tumor  is  freely  movable. 
As  in  lipoma  of  the  vulva,  the  symptoms  depend  upon  the  size  and 
situation  of  the  growth. 

Treatment. — Excision  of  the  tumor,  observing  the  same  precau- 
tions as  in  excisions  of  lipomata. 

The  only  case  of  fibromyoma  of  the  vulva  that  has  come  under 
my  own  observation  was  the  following:  Mrs.  Y.,  age  thirty-nine, 
admitted  to  the  Jefferson  Hospital  April  7,  1909;  Vl-para;  negative 
family  history;  pregnant  eight  and  a  half  months.  She  first  noticed 
a  small  tumor  in  the  lower  portion  of  the  left  labium  three  years  ago. 
This  gradually  became  larger  and  took  on  a  more  rapid  growth  after 
she  became  pregnant.  It  was  painless,  but  at  times  the  seat  of  con- 
siderable itching  and  burning,  and,  owing  to  its  size,  interfered  writh 
locomotion. 

When  I  first  saw  her  the  tumor  wras  as  large  as  a  fetal  head,  occupy- 
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ing  the  lower  three-fourths  of  the  vulva.  It  encroached  upon  and 
almost  occluded  the  vulvar  orifice  (Plate  L).  The  circulatory 
disturbances  incident  to  pregnancy  were  much  intensified,  and  the 
overlying  tissues  were  edematous,  but  not  adherent.  The  mass  was 
oblong,  smooth,  elastic,  and  freely  movable.  Operation,  April  8,  1909. 
Ether  anesthesia.  To  limit  the  loss  of  blood  an  assistant  grasped  the 
tissues  at  the  base  of  the  mass  with  both  hands,  making  firm  pressure. 
Through  a  vertical  incision  the  tumor  was  enucleated  almost  exclu- 
sively by  blunt  dissection  with  the  fingers.  The  resulting  hemorrhage 
from  torn  venous  sinuses  though  free,  was  not  excessive,  and  was 
easily  controlled  by  buried  continuous  tier  sutures  of  catgut,  used 
for  obliterating  the  deep,  excavated-looking  wound  along  the  sides  of 
the  vagina  and  rectum.  She  made  an  uninterrupted  recovery.  The 
growth   was   of   firm   consistence,   but   elastic   and   edematous.     Its 


Fig.  121. — Myoma  of  the  Vulva  After  Removal,  Showing  Whirls  of  Muscular  Structure. 

largest  circumference  measured  twelve  inches,  and  upon  section  it  had 
a  diameter  of  three  and  a  half  by  four  inches.  Dr.  A.  G.  Ellis  made 
a  microscopic  examination  of  the  growth  and  found  it  to  be  almost  a 
pure  myoma  (Fig.  121). 

Hydrocele. — This  is  neither  a  hypertrophy  nor  a  new-growth  of 
the  vulva,  but  is  very  properly  considered  in  this  connection  for  diag- 
nostic purposes.  The  same  may  be  said  of  varicose  veins  of  the 
vulva. 

The  terms  "hydrocele  muliebris,,  and  " hydrocele  of  the  canal  of 
Nuck"  have  been  indiscriminately  applied  to  a  variety  of  cystic  en- 
largements in  the  inguinal  region  of  the  female.  Rignoli's  classifi- 
cation is  the  best.     Briefly  stated,  it  is  as  follows: 

1.  Diffuse  hydrocele  in  the  connective  tissue  surrounding  the 
round  ligament. 


PLATE  I. 
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Edematous  Myoma  the  Size  of  a  Fetal  Head  in  a  Patient  Eight  and  a 
Half  Months  Pregnant  (Fisher). 
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2.  Hydrocele  of  the  canal  of  Nuck,  communicating  with  the  ab- 
dominal cavity. 

3.  Encysted  hydrocele  of  the  canal  of  Nuck  (without  an  abdominal 
communication) . 

4.  Encysted  hydrocele  of  the  connective  tissue  enveloping  the 
round  ligament. 

Symptoms. — The  enlargement  usually  develops  slowly,  causing 
little  or  no  inconvenience  unless  it  attains  a  large  size  or  becomes 
inflamed.  It  is  usually  globular  in  form,  symmetric  in  outline, 
elastic  and  fluctuating,  dull  on  percussion,  and  does  not  disappear 
on  pressure  or  by  posture  unless  it  communicates  with  the  abdominal 
cavity. 

Diagnosis. — In  whatever  form  present,  it  is  generally  mistaken  for 
hernia.  By  recalling  the  possibility  of  these  cystic  conditions  and 
their  anatomic  and  symptomatic  peculiarities,  the  practitioner  should 
rarely  fail  in  making  a  differential  diagnosis  in  uncomplicated  cases. 
When  associated  with  hernia,  which  is  often  the  case,  the  diagnosis 
becomes  more  difficult.  Careful  incision  is  the  safest  and  most  certain 
diagnostic  procedure. 

Treatment. — Excision  of  the  sac  with  closure  of  the  dilated  inguinal 
canal  as  a  prophylactic  against  hernia.  Aspiration  followed  by  ir- 
ritating injections  is  unsurgical,  and,  for  obvious  reasons,  a  dangerous 
procedure. 

Varicose  Veins  of  the  Vulva. — Varices  of  the  vulva  are  common, 
in  some  cases  forming  irregular  knotty  tumors  or  swellings  of  large 
size. 

Etiology. — Increased  intravenous  pressure,  depending  upon 
interference  with  the  return  circulation,  combined  with  a  weakened 
state  of  the  vessel-walls,  are  the  principal  predisposing  factors.  Preg- . 
nancy  is  the  most  frequent  exciting  cause,  and  if  the  varicosities  an- 
tedate gestation,  the  condition  is  always  aggravated  during  this  period. 
It  may  be  caused  by  a  great  variety  of  intrapelvic  abnormalities, 
including  tumors,  uterine  displacements,  and  inflammatory  conditions 
in  general.  Constipation,  prolonged  standing,  and  laborious  occupa- 
tions are  responsible  for  the  abnormality  in  some  cases. 

Symptoms. — Small  varicosities  cause  little  or  no  inconvenience. 
The  more  pronounced  forms  give  rise  to  a  feeling  of  weight  and  full- 
ness, dull  aching  pains,  and  itching  of  the  parts.  The  enlargement 
of  the  labia  may  attain  a  size  to  interfere  with  locomotion,  with  result- 
ing abrasions  and  ulcerations  from  friction.  The  recumbent  posture 
always  causes  a  temporary  decrease  in  the  size  of  the  varices,  and  they 
may  be  made  to  disappear  by  pressure.  Rupture  of  a  vein  may  occur, 
causing  an  open  or  a  concealed  hemorrhage  (hematoma),  or  phlebitis 
may  supervene,  with  a  fatal  termination. 

Treatment. — If  the  varices  are  large  and  troublesome,  the  patient 
should  be  instructed  to  avoid  constriction  of  the  waist,  and  to  support 
the  parts  by  a  compress  and  a  T-bandage.  She  should  be  cautioned 
against  heavy  lifting  and  excessive  straining  at  stool.     The  rupture 
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of  such  a  vessel  may  be  attended  by  serious  and  even  fatal  hemorrhage, 
unless  the  patient  makes  firm  pressure  over  the  site  of  the  bleeding 
point  until  professional  attention  can  be  secured. 

Radical  treatment  is  indicated  where  palliative  measures  fail  to 
relieve  the  symptoms,  and  consists  in  excision  of  the  veins.  A  vertical 
incision  is  made  through  the  skin  overlying  the  veins;  the  varicose 
mass  is  now  exposed  by  dry  dissection  and  drawn  out  so  as  to  form 
pedicles  at  its  extremities.  The  pedicles  are  ligated  with  catgut; 
the  intervening  venous  trunks  are  excised,  and  the  wound  is  closed. 

Malignant  New-growths  of  the  Vulva. 

The  vulva  appears  to  be  particularly  exempt  from  malignant  disease. 
Schwarz,  in  1177  cases  of  malignant  degeneration  of  the  female  geni- 
talia, found  that  2£  per  cent,  were  primarily  located  in  the  vulva, 
while  Gurlt,  in  7479  cases,  discovered  the  vulva  primarily  affected  in 
less  than  1  per  cent.  Even  the  latter  proportion  seems  too  large, 
and  it  is  more  than  probable  that  many  of  these  were  secondary,  but 
unrecognized  as  such. 

Carcinoma  of  the  vulva  usually  occurs  at  a  more  advanced  age 
than  carcinoma  of  other  parts  of  the  genital  tract.  It  is  most  frequent 
between  the  ages  of  fifty  and  sixty  years,  but  has  been  seen  in  a  woman 
of  thirty-one  and  as  late  as  eighty-four. 

Scat  of  the  Disease. — The  most  frequent  site  of  origin  is  the  inner 
side  of  the  right  labium  minus,  below  the  clitoris.  Less  frequent 
points  of  attack  are  the  sulcus  between  the  labium  majus  and  minus, 
the  anterior  and  posterior  commissures,  the  clitoris,  the  urinary  mea- 
tus, and  the  vulvovaginal  glands.  Papillary  excrescences  at  the  muco- 
cutaneous junction  in  old  women  have  a  special  predisposition  to 
become  carcinomatous. 

General  Description. — Carcinoma  of  the  vulva  almost  invariably 
occurs  in  the  form  of  an  epithelioma,  although  a  few  cases  of  adeno- 
carcinoma of  the  vulvovaginal  glands  and  of  Skene's  ducts  have  been 
reported.  The  disease  usually  manifests  itself  by  a  superficial  infil- 
tration at  first,  which  later  develops  into  one  of  two  distinct  forms: 

1.  A  more  or  less  prominent  outgrowth,  well  rounded,  nodular 
or  papillary,  with  a  tendency  to  the  formation  of  epithelial  pearls 
and  cornification.  It  may  develop  to  the  size  of  an  ordinary  orange, 
and  sooner  or  later  becomes  the  seat  of  excoriation  and  ulcerations 
that  result  in  the  formation  of  sloughs. 

2.  The  infiltrating  or  diffuse  form,  which,  owing  to  the  lessened 
tendency  to  cornification,  is  the  more  active  type  of  the  disease.  It 
usually  presents  an  elevated,  though  flattened  surface,  wTith  deep 
infiltration  of  the  tissues  and  early  destruction  of  the  cellular  elements, 
which  soon  leads  to  the  formation  of  ulcers,  with  irregular,  indurated 
edges,  covered  with  coarse,  friable,  grayish  granulations  and  a  foul- 
smelling  discharge.  Involvement  of  the  inguinal  glands  takes  place 
early  in  the  latter  form  of  the  disease.  Contact  infection  has  been 
observed. 
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Extension  of  the  disease  usually  is  at  first  toward  the  vagina, 
but  it  rarely  involves  this  structure,  passing  instead  up  into  the  groin 
and  down  over  the  perineum. 

Symptoms. — Intense  itching  is  the  first  and  most  pronounced 
symptom.  Pain  is  not  particularly  prominent  until  the  deeper 
structures  become  involved,  or  after  the  formation  of  excoriations  and 
ulcerations,  when  the  parts  become  very  sensitive  and  painful.  In 
doubtful  cases  the  microscope  should  be  used  to  clear  up  the  diagnosis. 
The  toxemia  and  cachexia  that  are  sure  to  follow  sooner  or  later  close 
the  scene. 

Prognosis  and  Treatment. — The  average  duration  of  the  disease 
without  operation  is  about  two  years.  In  no  class  of  cases  excepting 
in  carcinoma  of  the  body  of  the  uterus  does  the  radical  operation  as 
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Fig.  122. — Removal  of  the  Clitoris.  Vehti-  Fig.  123. — Wound  Closed, 

bule,  Lower  Portion  of  the  Urethra 
and    Labia,    with    Extension    of    the 
Wound  for  the  Removal  of  the  Ingui- 
nal Glands. 
Sliding  skin-flaps  from  thighs  to  close  wound. 

applied  to  these  parts  give  such  good  results  when  done  early  in  the 
disease.  Schwarz,  out  of  23  cases,  reported  10  recoveries.  It  is  the 
duty  of  the  physician,  therefore,  to  be  particularly  alert  in  making 
an  early  diagnosis  and  in  urging  prompt  surgical  interference. 
Removal  of  the  diseased  parts,  together  with  all  the  remaining  vulvar 
structures  and  the  inguinal  glands,  is  the  only  treatment.  Sloughing 
tissue  should  be  thoroughly  cauterized  with  a  hot  iron  before  beginning 
the  excision.  In  no  case  is  it  possible  to  say  that  the  inguinal  glands 
are  not  involved.  In  performing  an  operation,  therefore,  the  entire 
gland-bearing  field  on  both  sides  should  be  dissected  out  first,  care 
being  taken  to  prevent  contamination  from  below.  The  entire  vulva 
and  clitoris,  and,  if  necessary,  the  lower  portion  of  the  urethra,  are 
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removed  by  an  elliptic  incision  from  the  upper  margin  of  the  mons, 
uniting  with  the  inguinal  incisions  to  the  posterior  commissure.  The 
free  mobility  of  the  neighboring  healthy  skin  usually  permits  the 
closure  of  large  wound  surfaces  by  uniting  the  edges  of  the  skin  to  the 
mucous  membrane  of  the  vagina.  In  very  extensive  operations  it 
may  be  necessary  to  secure  sliding  skin-flaps  from  the  corresponding 
thighs  (Figs.  122  and  123)  to  close  the  defect,  and  in  some  cases  the 
dissection  may  be  so  extensive  that  a  portion  of  the  wound  must  be 
allowed  to  heal  by  granulation. 

Sarcoma  of  the  vulva  is  extraordinarily  rare,  surgeons  of  large 
experience  never  having  seen  a  case.  Any  one  of  the  various  forms 
of  sarcoma  is  possible.  Melanosarcoma  is  the  most  frequent.  In 
accordance  with  the  special  variety  present,  the  growth  may  be  slow 
or  rapid.  Usually  it  is  very  rapid,  and  metastatic  deposits  through 
the  venous  circulation  in  distant  organs  are  common,  and  are  the 
ultimate  cause  of  death.  Only  a  few  well-authenticated  cases  of 
permanent  recovery  after  operation  have  been  found  in  literature. 

Treatment. — The  treatment  is  immediate  removal. 

SURGERY  OF  THE  VAGINA. 

Vaginitis.1 — Inflammation  occurs  less  often  in  the  vagina  than 
in  other  parts  of  the  genital  tract.  Bacteria  play  the  most  important 
role  in  its  causation,  and  though  they  are  frequently  deposited  in  the 
vagina  and  infect  the  uterus,  the  vagina  itself  remains  particularly 
free  from  their  influence.  The  resistance  of  the  vagina  to  infecting 
micro-organisms  is  accounted  for  by  the  stratified  squamous  epithe- 
lium of  its  lining,  the  nature  of  its  secretion,  which  is  acid,  and  by  the 
presence  of  a  normal  flora,  determined  by  Doderlein  to  be  antagonistic 
to  morbid  bacteria. 

The  greater  frequency  of  vaginitis  in  young  girls  is  attributed  to 
the  soft,  tender,  vaginal  epithelium,  which  readily  falls  a  prey  to  bac- 
terial invasion.  The  atrophic  changes  common  to  the  vaginal  walls 
after  the  menopause  predispose  to  senile  vaginitis.  Coincident  with 
the  increased  alkaline  discharge  from  the  uterus  and  cervix  during 
menstruation,  pregnancy,  and  puerperium,  the  vagina  and  the 
entire  genital  tract  are  then  more  liable  to  infection.  Abnormal 
discharges  resulting  from  uterine  disease,  necrotic  tumors  of  the 
uterus,  urinary  and  fecal  fistulas  have  the  same  effect.  The  vaginal 
mucous  membrane  may  be  denuded  of  its  epithelium  and  the  character 
of  its  discharge  altered  by  foreign  bodies,  the  application  of  chemic 
irritants,  by  the  practice  of  excessive  venery,  and  the  use  of  vaginal 
douches. 

Vaginitis  may  be  either  primary  or  secondary.  The  primary 
variety  is  the  less  frequent,  and  usually  arises  from  conditions  which 
injure  the  vaginal  epithelium.    The    secondary   variety   appears   as 

1  I  am  indebted  to  Dr.  Alfred  Heineberg  for  valuable  suggestions  in  the  prepara- 
tion of  the  text  on  vulvitis  and  vaginitis. 
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an  extension  of  disease  from  the  vulva,  uterus,  or  urethra.  Either 
may  occur  in  an  acute  or  chronic  form. 

The  primary  variety,  because  of  the  nature  of  its  causation,  is 
often  essentially  chronic  from  the  outset.  Vaginitis  secondary  to 
vulvar  inflammation  is  usually  acute,  especially  if  of  gonorrheal 
origin.  When  it  results  from  extension  of  diseases  from  the  uterus 
or  cervix,  it  is  commonly  of  the  chronic  type. 

Pathology. — The  changes  fqund  in  the  vagina  depend  upon  the 
cause,  the  severity  of  the  inflammation,  and  its  duration.  In  the 
mild,  acute  form  the  mucous  membrane  is  reddened,  swollen,  and 
covered  with  a  seropurulent  discharge.  The  entire  mucous  surface 
may  be  involved  or  the  disease  may  appear  in  isolated  patches, 
separated  by  areas  of  healthy  tissue.  In  gonorrheal  vaginitis  the 
discharge  is  more  purulent  and  the  hyperemia  and  swelling  more 
intense.  When  the  inflammation  involves  the  subepithelial  tissues, 
the  papillae  of  the  vagina  become  infiltrated,  project  through  the 
epithelial  surface,  and  the  mucous  membrane  assumes  a  granular 
appearance,  producing  what  is  known  as  granular  vaginitis,  which 
may  result  in  erosions  and  small  ulcerations.  Ulceration  is  common 
in  vaginitis,  appearing  after  the  climacteric,  and  is  due  to  atrophic 
changes.  The  contact  of  such  ulcerated  areas  results  in  adhesions 
and  the  formation  of  cicatrices.  The  cicatrization  may  be  so  extensive 
as  to  obliterate  the  vaginal  canal.  Ulceration  of  a  more  penetrating 
nature  may  result  from  the  pressure  of  pessaries  or  the  action  of 
strong  caustics. 

Symptoms. — In  acute  vaginitis  the  patient  complains  of  burning 
pain  and  a  feeling  of  fullness  in  the  vagina  and  perineum,  aggravated 
by  walking,  exertion,  and  coition.  There  is  a  profuse  discharge, 
which,  in  the  milder  infections,  is  thin,  milky,  and  seropurulent,  and 
in  gonococcus  infection  is  yellowish,  thick,  and  may  be  blood-streaked. 
A  complicating  urethritis  and  vulvitis  are  common  in  gonorrheal 
vaginitis.  (See  Vulvitis.)  The  symptoms  are  usually  more  intense 
in  vaginitis  occurring  in  young  girls. 

The  symptoms  of  chronic  vaginitis  resemble  those  of  the  acute, 
differing  principally  in  degree.  The  vulva  frequently  becomes  irritated 
by  the  constant  discharge  from  the  vagina,  and  annoying  pruritus 
results.  The  discharge  in  senile  vaginitis  is  thin,  serous,  and  occa- 
sionally blood-stained,  and  is  frequently  the  only  evidence  of  the 
disease. 

Treatment. — In  acute  vaginitis  rest  in  bed  for  several  days  is 
essential.  Constipation  should  be  met  with  appropriate  remedies. 
The  diet  should  be  bland  and  non-stimulating,  avoiding  highly 
seasoned  foods,  alcohol,  tea,  and  coffee.  Local  treatment  consists 
in  douching  the  vagina  three  or  four  times  a  day  with  solutions  of 
boric  acid,  borax,  sodium  chlorid,  or  sodium  bicarbonate,  one  ounce 
to  the  gallon.  After  the  subsidence  of  the  acute  symptoms,  especially 
in  gonorrheal  vaginitis,  douches  of  stronger  antiseptics,  as  bichlorid 
of  mercury  1 :  5000,  or  potassium  permanganate  1 :  2000,  are  employed 
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two  or  three  times  a  day.  Every  second  or  third  day  a  cotton-wool 
tampon  saturated  with  an  aqueous  solution  of  argyrol,  25  per  cent., 
or  protargol,  2  per  cent.,  or  a  glycerin  solution  of  ichthyol,  25  per  cent., 
should  be  introduced  into  the  vagina. 

Chronic  vaginitis  is  best  treated  by  daily  douches  of  compound 
solution  of  cresol  (U.  S.  P.),  1  per  cent.,  or  bichlorid  of  mercury  1: 
2000,  and  the  use  of  one  of  the  above-mentioned  tampons  every  third 
day.  If  this  is  not  effective,  the  vaginal  walls  should  be  cleansed 
with  warm  water,  thoroughly  dried,  and  painted  with  a  solution  of 
silver  nitrate,  30  grains  to  the  ounce,  or  argyrol,  50  per  cent.,  or  com- 
pound solution  of  iodin  or  formaldehyd,  1  to  2  per  cent.,  and  a  strip 
of  sterile  or  iodoform  gauze  inserted  for  twenty-four  hours  to  keep 
the  surfaces  apart.  This  treatment  should  be  carried  out  every  four 
or  five  days.  Good  results  are  sometimes  obtained  by  the  use  of 
astringent  powders  composed  of  combinations  of  bismuth  subnitrate, 
zinc  oxid,  tannic  acid,  and  acetanilid.  The  patient  is  placed  in  the 
dorsal  posture;  a  Sims  speculum  is  introduced,  and  the  vagina  is  douched 
and  thoroughly  dried.  The  powder  is  introduced  through  the  specu- 
lum, and  held  in  the  vaginal  vault  with  a  strip  of  gauze.  Unless  senile 
vaginitis  produces  no  more  than  a  slight  discharge,  it  may  remain 
untreated. 

Tuberculosis  of  the  Vagina.— Tuberculosis  of  the  vagina  may 
be  caused  by  an  extension  of  the  disease  from  the  uterus  or  vulva 
(see  Lupus  of  the  Vulva),  or  primarily  to  the  deposit  of  tuberculous 
semen.  There  is  at  first  nodular  infiltration  of  cells  and  bacilli,  sub- 
sequent serpiginous  ulcerative  and  cheesy  necrosis,  and  a  tendency 
to  coincident  cicatrization  of  widely  separated  areas,  with  intervening 
healthy  tissue.  As  ulceration  progresses  it  may  open  into  the  rectum 
or  bladder.     Pain  and  sensitiveness  are  singularly  absent. 

Diagnosis. — Microscopic  and  inoculation  experiments  with  guinea- 
pigs  are  the  only  reliable  means  for  arriving  at  a  certain  diagnosis. 

Treatment. — This  is  the  same  as  for  lupus  of  the  vulva.  In  cases 
of  fistulous  openings  into  the  rectum  or  bladder,  the  disease  should, 
if  possible,  first  be  cured,  and  the  fistulas  closed  as  ordinarily  sub- 
sequently. 

Benign  New-growths  of  the  Vagina. 

Vaginal  Cysts. — Vaginal  cysts  may  properly  be  considered  with 
benign  new-growths,  because  of  their  importance  from  a  diagnostic 
standpoint. 

Inclusion  cysts  of  the  vagina,  the  result  of  perineal  tears  or  after 
operations,  constitute  about  one-half  of  the  cases  met  with.  Vaginal 
glands  do  not  exist  normally.  In  rare  instances  small  glandular 
remains  of  Gartner's  duct  persist  in  the  anterior  or  lateral  vaginal 
walls,  while  aberrant  cervical  glandular  formations  are  occasionally 
present  in  the  posterior  vaginal  wall.  Both  formations,  being  of 
epithelial  origin,  may  result  in  cystic  conditions,  and  very  rarely  in 
adenomatous  formations  of  a  benign  or  malignant  type.     Vaginal  cysts 
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are  usually  of  relatively  small  size,  but  may  attain  the  dimensions  of 
a  goose's  egg.  They  may  be  single  or  multiple.  The  contents  may 
be  clear  or  yellow,  viscid  or  watery,  or,  as  the  result  of  inflammatory 
changes,  may  be  purulent. 

Symptoms. — Vaginal  cysts  cause  no  symptoms  unless  they  are 
large  enough  to  give  the  sensation  of  a  foreign  body  or  interfere  with 
coition.  In  cases  of  rupture  with  a  mucoid  discharge,  the  secretion 
usually  persists.     The  prognosis  is  good. 

Treatment. — A  small  cyst  may  be  disregarded  unless  a  vaginal 
operation  for  the  relief  of  some  other  condition  is  indicated,  when  the 
cyst  should  be  removed.  The  larger  cysts  should  be  removed  by 
enucleation  without  rupturing  the  cyst-wall,  if  at  all  possible.  The 
wound  should  then  be  closed  with  deep  sutures,  or  the  sac  may  be 
incised  and  emptied,  swabbed  with  pure  carbolic  acid,  and  packed 
with  gauze  until  the  wound  has  healed  from  the  bottom. 

Fibromyoma  of  the  vagina  is  the  only  true  benign  new-growth 
of  the  vagina,  and  is  extremely  rare.  Like  fibromyoma  of  the  uterus, 
these  tumors  usually  develop  during  the  child-bearing-  period..  They 
are  usually  single,  of  slow  growth,  and  vary  in  size  from  a  small  nodule 
to  the  dimensions  of  an  adult  head.  They  may  be  sessile  or  peduncu- 
lated, and  are  exposed  to  edema,  ulceration,  and  gangrene. 

Symptoms. — The  small  tumors  cause  no  symptoms.  Those  of 
larger  growth  usually  give  the  sensation  of  a  foreign  body,  interfere 
with  coitus,  and  may  cause  pain,  hemorrhage,  leukorrheal  discharge, 
dysuria  or  retention,  obstruction  of  the  bowels,  and  in  some  cases 
they  prove  an  obstacle  to  labor. 

Treatment. — If  the  tumor  is  small  and  without  symptoms,  its 
removal  is  not  demanded  unless  an  opportunity  presents  itself  during 
an  operation  for  some  other  pelvic  condition.  Removal  of  the  growth 
is  indicated  in  all  cases  giving  rise_  to  symptoms.  If  the  tumor  is 
pedunculated,  it  should,  if  possible,  be  delivered  through  the  vulvar 
orifice,  the  tissues  in  the  immediate  vicinity  fixed  with  tenacula  or 
vulsella  forceps,  the  pedicle  severed  with  knife  or  scissors,  and  the 
wound  closed  so  as  to  secure  the  bleeding  vessels  with  a  running  suture 
of  chromic  catgut. 

In  the  removal  of  sessile  tumors  the  overlying  vaginal  structure 
should  be  incised  and  the  growth  enucleated.  The  size  of  the  tumor 
may  necessitate  enlargement  of  the  vaginal  opening  by  lateral  in- 
cisions before  it  can  be  removed.  The  cavity  created  by  the  enuclea- 
tion, after  ligating  all  bleeding  points,  should  be  closed  with  inter- 
ruptured  sutures.  A  small  drain  of  iodoform  gauze  carried  to  the 
bottom  of  the  wound  and  removed  in  forty-eight  hours  may  prove  of 
value  in  preventing  the  formation  of  a  hematoma.  After  closing  the 
vaginal  incisions  (if  such  were  necessary)  the  vagina  should  be  snugly 
packed  with  iodoform  gauze  in  order  to  keep  the  wound  walls  in  ap- 
position. The  end  of  the  drain  in  the  wound  should  be  so  placed 
that  the  same  can  be  removed  without  disturbing  the  vaginal  packing. 
The  latter  should   remain   about   five  days.     Excessive   hemorrhage 
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and  serious  injury  to  neighboring  organs  are  the  two  principal  dangers 
of  the  operation.  The  average  tumor  offers  no  special  difficulties, 
but  a  sessile  growth  of  large  size  may  demand  the  best  judgment  and 
skill  of  a  surgeon  accustomed  to  dealing  with  gynecologic  emergencies. 

Pointed  condylomata  of  the  vagina  are  rare.  They  have  the 
same  characteristics  as  those  of  the  vulva,  and  may  be  associated 
with  them.  They  are  usually  multiple  and  widely  distributed,  are 
light  pink  in  color,  covered  with  normal  epithelium,  and  have"  an 
uninfiltrated  healthy  base,  all  of  which  stand  in  strong  contrast  to  the 
characteristics  of  cauliflower  or  ulcerative  forms  of  carcinoma.  A 
solitary  papillary  outgrowth,  however,  whatever  its  appearance  may 
indicate,  should  always  be  looked  upon  with  suspicion,  and  its  prompt 
removal  for  microscopic  examination  should  be  insisted  on. 

Treatment. — This  is  the  same  as  for  condylomata  of  the  vulva. 

Malignant  New-growths  of  the  Vagina. 

Carcinoma  of  the  Vagina. — Primary  carcinoma  of  the  vagina  is 
very  rare.  Of  all  deaths  from  cancer  in  a  total  of  8287,  Bergel  found 
14,  or  0.16  per  cent.,  to  be  primarily  located  in  the  vagina.  Many 
American  gynecologists  of  large  experience  have  never  met  with  a 
single  instance. 

Child-bearing  bears  no  relation  to  its  development.  I  saw  a  case 
in  which  a  pessary  worn  for  more  than  twenty  years  had  become 
embedded  in  a  cancerous  mass  that  involved  both  the  vagina  and 
rectum.  In  73  per  cent,  of  cases  the  new-growth  is  located  on  the 
posterior  vaginal  wall.  Like  carcinoma  of  the  uterus,  it  is  generally 
a  disease  of  advanced  life,  but  has  been  found  in  children. 

Carcinoma  of  the  vagina  presents  the  same  variability  in  its  clini- 
cal manifestations  as  squamous-cell  carcinoma  in  other  portions  of 
the  body.  It  may  appear  in  the  form  of  an  infiltrated  nodule,  and 
later  as  a  granular,  ulcerated  surface,  with  foul  detritus  and  infil- 
trated edges,  or,  as  is  usual,  as  a  fungating,  friable  outgrowth.  It 
is  usually  rapid  in  its  progress,  and  through  the  perivaginal  tissues, 
soon  involves  the  neighboring  organs.  If  located  in  the  lower  fourth 
of  the  vagina,  the  inguinal  glands  become  involved,  while  extension 
to  the  deeper  glandular  structures  usually  follows  when  the  primary 
focus  is  at  a  higher  plane. 

Owing  to  the  extraordinary  rarity  of  adenocarcinoma  of  the  vagina, 
the  following  case  may  be  of  interest:  Mrs.  H.,  aged  fifty-four,  III- 
para;  last  child  twenty-one  years  old;  menopause  eight  years  ago; 
had  always  enjoyed  good  health  until  three  years  ago,  when  she 
first  noticed  a  slight  hemorrhagic  discharge  from  the  vagina.  On 
August  22,  1908,  Dr.  Catharine  Macfarlane,  of  the  Woman's  Hos- 
pital of  Philadelphia,  removed  a  suburethral  growth  through  an 
incision  of  the  anterior  vaginal  wall.  Although  a  clinical  diagnosis 
of  malignant  disease  was  made,  the  microscopic  examination  proved 
uncertain.  At  the  time  I  was  consulted,  March  26,  1909,  she  com- 
plained of  a  constant  bloody  discharge  and  painful  micturition.     My 
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examination  disclosed  a  soft,  friable  mass  the  size  of  a  walnut,  occu- 
pying the  lower  third  of  the  anterior  vaginal  wall  below  the  urethra 
(Fig.  124),  with  an  indurated  ridge  passing  toward  the  left  vaginal 
fornix.  The  urethral  mucous  membrane  was  not  involved  in  the 
growth,  and  the  uterus  was  freely  movable  and  perfectly  normal. 
The  glands  of  both  inguinal  regions  were  found  to  be  markedly  en- 
larged and  painful.  Dr.  John  Funke  reported  it  to  be  an  adenocar- 
cinoma. In  view  of  the  absence  of  glandular  structure  in  the  vagina 
normally,  and  considering  the  position  of  the  mass  and  the  di- 
rection taken  by  the  indura- 
tion, the  growth  in  all  prob- 
ability had  its  origin  in  the 
remains  of  one  of  Gartner's 
ducts. 

Symptoms  and  Diagnosis. — 
Irregular  bleeding  after  coitus 
usually  is  the  first  symptom; 
later,  pruritis,  mucopurulent 
discharge,  gradually  becoming 
offensive.  With  involvement 
of  the  deeper  tissues  the  pa- 
tient suffers  from  dull  aching 
pain  in  the  pelvis  and  in  the 
lower  extremities,  and  from 
dysuria  and  painful  defacation. 
Finally,  the  formation  of  urin- 
ary or  fecal  fistula,  the  de- 
velopment of  septicemia  and 
uremic  conditions,  with  con- 
sequent anorexia  and  loss  of 
rest  and  sleep,  lead  to  exhaus- 
tion and  death. 

The  presence  of  a  nodular, 
granular,  papillary  growth  or 
ulcerative  excrescences  of  the 
vagina,  especially  in  a  woman 
after  the  age  of  forty,  in  the 

absence  even  of  any  other  sign  or  symptom,  demands  immediate 
excision  of  a  portion  of  the  growth  and  microscopic  examination  by 
a  reliable  pathologist  to  determine  the  diagnosis  and  indications  for 
further  operative  interference. 

Prognosis  and  Treatment. — No  well-authenticated  case  of  cure  has 
been  reported,  even  after  the  most  radical  treatment.  This  in  a 
measure  may  be  accounted  for  by  the  thinness  of  the  vaginal  walls, 
the  large  perivaginal  lymphatics,  and  by  the  latency  of  the  symptoms 
as  compared  with  the  progress  of  the  disease.  Kronig,  Pryor,  and 
Montgomery  advocate  extremely  radical  procedures,  but  none  has 
reported  any  cures.     Kronig's  operation  includes  the  removal  of  the 


7 


Fig.    124. — Primary    Adenocarcinoma  of  the 
Anterior  Vaginal  Wall. 


414      SURGERY  OF  THE  FEMALE  GENITOURINARY  ORGANS. 

entire  vagina,  uterus  and  appendages,  adjacent  rectum,  and  bladder. 
Montgomery,  in  a  case  of  cancer  of  the  rectovaginal  septum,  removed 
the  coccyx,  resected  the  sacrum,  excised  six  inches  of  the  rectum, 
removed  the  ovaries  and  tubes,  and  the  entire  posterior  wall  of  the 
vagina.  The  rectum  was  stitched  to  the  sacrum  posteriorly,  and  to 
the  anterior  wall  of  the  vagina  anteriorly,  the  perineum  having  been 
previously  closed.  There  was  a  recurrence  of  the  disease  within 
thirteen  months.  Pryor,  in  two  cases,  by  a  combined  external  and 
intra-abdominal  pressure,  began  his  operation  by  ligating  all  the  main 
arteries  to  the  genital  organs  in  order  to  secure  a  dry  field.  He  then 
removed  the  lower  half  of  the  labia,  the  greater  portion  of  the  vagina, 
the  entire  rectum  with  the  sigmoid,  together  with  the  uterus  and 
appendages,  and  in  both  death  followed  local  recurrence  in  less  than 
a  year.  As  a  palliative  measure  the  growth,  if  localized,  may  be 
excised,  and  the  base  cauterized  with  the  thermocautery  or  with  chlorid 
of  zinc. 

Primary  Chorio-epithelioma  of  the  Vagina.— The  occurrence 
of  primary  chorio-epithelioma  of  the  vagina  and  in  other  more  remote 
structures  of  the  body,  while  the  uterus  itself  escapes  infection,  has 
been  observed  in  a  number  of  cases.  Busse  and  Marchand  have  each 
recorded  a  case  of  cerebral  and'  pulmonary  involvement  several 
months  after  the  removal  of  a  hydatid  mole  in  the  one,  and  following 
an  abortion  in  the  other,  the  autopsy  in  each  showing  that  both  uterus 
and  vagina  were  free  from  the  disease.  While  the  possibility  of  con- 
tact infection  of  the  vagina  must  be  admitted,  the  foregoing  tends 
to  establish  the  truth  of  the  theory  that  the  disease  as  it  occurs  in  the 
vagina  and  other  more  remote  structures  from  the  uterus  originates 
in  the  deposit  of  migratory  chorionic  villi  from  the  uterus  through 
the  blood-channels,  the  epithelium  of  the  villi  subsequently  undergoing 
malignant  proliferation.  H.  T.  Hicks,  accepting  this  theory,  in  an 
excellent  paper  on  "Primary  Embolic  Chorio-epithelioma  of  the 
Vagina/'  reports  a  case  of  his  own  and  refers  to  fourteen  others.  In 
all  these  fifteen  cases  the  vaginal  tumors  were  simply  excised.  The 
diagnosis  in  each  case  was  confirmed  by  reliable  pathologists.  Three 
of  the  patients  died  with  secondary  growths  in  the  lungs,  liver,  and 
kidneys,  but  the  uterus  escaped.  The  other  twelve  made  complete 
recoveries.  He  likewise  calls  attention  to  the  extraordinary  malig- 
nancy of  these  growths  in  the  uterus  in  some  cases,  and  their  innocent 
behavior  in  exceptional  instances  in  others,  and  refers  to  the  dis- 
appearance of  secondary  vaginal  deposits  in  certain  cases  after  hys- 
terectomy for  the  removal  of  a  primary  uterine  involvement. 

The  question  of  the  malignancy  of  these  growths  in  the  vagina ,  there- 
fore, is  a  matter  of  great  clinical  importance,  both  as  to  prognosis  and 
to  treatment.  Microscopic  appearances  as  at  present  understood 
appear  to  be  of  no  assistance  to  the  clinician  in  deciding  this  question. 
Mr.  Hicks  very  properly  says:  "One  wonders  whether  these  primary 
vaginal  growths  are  not,  as  a  rule,  almost  benign,"  although  the  case 
reported  by  him  proved  violently  malignant. 


SURGERY    OF    THE    VAGINA.  415 

Diagnosis. — The  history  of  a  molar  pregnancy  especially,  but  the 
appearance  of  a  growth  in  the  vagina  of  almost  any  description,  either 
during  pregnancy  or  subsequent  to  the  discharge  of  the  product  of 
conception  at  any  time,  should  at  once  arouse  the  suspicion  of  such  a 
growth.  The  vaginal  nodules  usually  appear  two  or  three  months 
after  the  uterus  has  been  emptied,  although  Hicks  refers  to  two  cases 
in  which  vaginal  growths  appeared  three  and  a  half  and  four  years 
respectively  after  the  passage  of  the  mole.  This  is  explained  on  the 
theory  that  migrated  chorionic  villi  may  lie  dormant  in  the  tissues 
for  long  periods  before  undergoing  a  malignant  change. 

Treatment. — If  the  vaginal  growth  is  primary,  the  prognosis  is 
probably  good,  and  its  excision,  together  with  a  wide  area  of  healthy 
vaginal  tissue,  alone  may  be  indicated;  but  if  it  is  secondary  to  a  uterine 
involvement,  the  prognosis  is  bad  and  demands  removal  of  both  the 
uterus  and  vagina. 

Sarcoma  of  the  Vagina. — Sarcoma  of  the  vagina  is  more  rare 
than  primary  carcinoma.  It  has  been  found  congenitally  and  as  late 
in  life  as  the  eighty-second  year.  Of  cases  reported,  more  than  75  per 
cent,  have  appeared  in  children  less  than  fifteen  years  of  age.  In 
children,  the  growth  is  of  a  dull  red  or  chocolate  color,  is  usually  situ- 
ated in  the  anterior  wall,  is  circumscribed  and  polypoid  in  form,  while 
in  adults  it  presents  itself  in  the  form  of  a  diffuse  sarcomatous  in- 
filtration closely  resembling  carcinoma,  or  as  a  rounded,  sessile  growth 
that  sooner  or  later  ulcerates.  The  tissues  in  the  immediate  vicinity 
of  the  growth  are  invaded  early,  and  recurrence  after  operation  is 
the  rule. 

Symptoms. — The  symptoms  vary  with  the  size  and  location  of  the 
growth.  Frequent  and  painful  micturition  and  constipation  may  be 
present.  Necrosis  or  ulceration  of  the  growth  gives  rise  to  foul  dis- 
charges and  opens  up  avenues  for  the  entrance  of  pathogenic  organisms 
and  systemic  infection.  The  destructive  processes  coincident  with 
the  extension  of  the  disease  may  lead  to  the  formation  of  fistulous 
openings  with  the  rectum  and  bladder.  The  loss  of  rest  and  sleep 
from  pain,  the  general  toxemia  and  anorexia,  sooner  or  later  cause 
extreme  emaciation,  exhaustion,  and  death. 

Treatment. — Early  eradication  of  the  disease  by  one  of  the  various 
surgical  procedures  for  the  removal  of  carcinoma  of  the  vagina  is 

indicated. 

Foreign  Bodies  in  the  Vagina. 

The  variety  of  objects  that  have  been  found  in  the  vagina  would 
form  a  long  list,  including  widely  dissimilar  articles,  both  in  size  and 
substance,  of  which  needles,  grasshoppers,  pine-cones,  pessaries, 
drinking-glasses,  pocket-books,  bacon  rind,  cockchafers,  and  insects 
are  a  few  examples.  Masturbators  make  use  of  all  sorts  of  articles 
to  satisfy  their  morbid  desires.  They  are  usually  only  partly  intro- 
duced into  the  vagina,  but  by  exciting  contraction  of  the  levator 
muscles,  they  suddenly  slip  from  the  hand,  are  carried  beyond  the 
introitus,  and  thus  become  imprisoned  in  the  vagina. 
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To  prevent  conception,  women  resort  to  the  use  of  sponges,  tam- 
pons, hard-  and  soft-rubber  diaphragms  and  plugs,  the  removal  of 
which  may  be  neglected  or  forgotten.  For  the  induction  of  abortion, 
catheters  and  pointed  and  sharp  instruments  of  various  kinds  are 
resorted  to,  and,  becoming  broken  in  the  attempt,  portions  remain 
in  the  vagina.  Thieves  and  pickpockets  have  been  known  to  use  the 
vagina  for  concealing  their  plunder.  The  undue  retention  of  articles 
introduced  for  therapeutic  purposes,  such  as  tents,  tampons,  and 
pessaries,  is  very  common.  Intestinal  worms,  and  by  ulcerative 
perforations  hair  and  teeth  of  a  dermoid  cyst,  the  bones  of  an  ectopic 
fetus,  and  foreign  bodies  in  the  bladder  and  rectum  may  find  their 
way  into  the  vagina. 

Symptoms. — In  accordance  with  the  substance,  size,  form,  and 
length  of  time  they  have  been  within  the  vagina,  foreign  bodies  may 
give  rise  to  a  great  variety  of  symptoms.  Retained  sponges  and 
tampons  cause  hypersecretion  and  putrid  decomposition  that  may 
arouse  a  suspicion  of  incomplete  abortion,  sloughing  polyps,  or  the 
presence  of  malignant  disease.  If  the  object  is  hard,  rounded,  and 
smooth,  and  remains  unchanged  by  contact  with  the  vaginal 
secretions,  like  ivory,  and  does  not  exert  much  pressure,  it  may  be 
retained  for  years  without  causing  any  annoyance.  Hard-rubber 
pessaries  and  other  corrodible  objects  sooner  or  later  become  eroded 
and  irritating  from  the  deposit  of  lime  salts.  Such  incrusted  articles, 
or  the  continuous  pressure  at  one  point  of  a  smooth  body  even,  is  sure 
to  cause  ulcerations,  with  consequent  purulent  and  offensive  dis- 
charge. If  the  offending  body  is  not  removed,  perforations  into  neigh- 
boring organs  may  occur,  and  the  patient's  life  may  be  jeopardized 
from  peritonitis  and  suppurative  processes,  or  the  ulcerations  may 
cause  exuberant  granulations,  adhesions,  and  contractions  of  the  vaginal 
walls,  with  encapsulation  of  the  foreign  body. 

Diagnosis. — The  diagnosis  is  made  by  sight  and  touch.  In  ad- 
dition to  a  vaginal  examination  with  finger  and  speculum,  it  may  be 
necessary  to  examine  the  vagina  indirectly  through  the  rectum  or 
bladder  or  by  combined  manipulations,  especially  in  cases  where  foreign 
bodies  have  become  hidden  by  incrustations,  granulation  tissue,  or 
vaginal  contractures. 

Treatment. — This  consists  in  removing  the  foreign  body  and  in 
correcting  the  lesions  it  has  caused.  While  the  first  indication  in 
most  cases  may  be  met  by  very  simple  means,  in  others  it  may  tax 
the  ingenuity  and  skill  of  surgeons  of  large  experience.  Small  and 
moderately  sized  free  objects  are  usually  extracted  without  difficulty 
with  fingers  or  forceps.  Pressure  through  the  rectum  often  proves 
of  value  in  dislodging  and  expelling  objects  held  back  by  contractions 
of  the  vagina.  Firm  bands  of  adhesions  may  be  divided.  Large 
objects  should  be  reduced  in  size  by  crushing  or  cutting.  In  a  patient 
at  the  Jefferson  Hospital  who  had  worn  a  large  ball  pessary  for  a 
number  of  years  a  miniature  obstetric  forceps  was  used  for  its  removal. 
In  another  case  with  a  foul-smelling  discharge  that  aroused  a  sus- 
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picion  of  carcinoma  a  Smith-Hodge  pessary  was  found  deeply  buried 
in  a  mass  of  exuberant  granulations  and  tough  cicatricial  bands, 
only  a  small  segment  of  the  instrument  remaining  exposed.  The 
visible  portion  of  the  pessary  was  cut  with  bone  pliers;  it  was  then 
rotated  so  as  to  bring  its  opposite  extremity  into  view,  when  this 
was  likewise  severed.  Both  halves  were  now  very  easily  removed 
without  lacerating  the  tissues.  Pieces  of  broken  glass  in  the  vagina, 
if  they  cannot  be  picked  out  with  the  forceps,  should  be  removed  by 
first  lubricating  the  vagina  with  liquid  albolene  and  then  filling  it 
with  plaster-of-Paris.  This  embeds  the  glass  fragments,  after  which 
both  may  be  removed  with  comparative  little  injury  to  the  vagina. 
Hair-pins  usually  have  their  points  directed  forward;  these  must  be 
disengaged  before  they  can  be  removed.  In  cases  of  cicatricial  con- 
tractions of  the  lower  segment  of  the  vaginal  tube,  the  foreign  body 
may  be  pushed  to  a  higher  level,  burrowing  between  the  tissues,  so  that 
its  removal  through  the  bladder  or  rectum  or  by  abdominal  section 
may  become  necessary. 

After  the  removal  of  the  foreign  body,  in  the  simpler  cases,  the 
existing  vaginitis  soon  disappears,  but  its  cure  may  be  hastened  by 
the  use  of  antiseptic  douches,  preferably  saturated  solutions  of  boric 
acid.  In  the  complicated  cases,  ulcerations,  fistulas,  metritis,  perito- 
nitis, and  sepsis  may  demand  subsequent  attention. 

Traumatisms  of  the  Vulva  and  Vagina, 

Owing  to  the  protected  situation  of  the  parts,  injuries  of  the  vulva 
and  vagina,  independent  of  those  occurring  in  childbirth  and  from 
violent  coitus,  are  comparatively  infrequent. 

The  vulva  is  subject  to  all  the  varieties  of  wounds  met  with  in 
other  exposed  portions  of  the  body  as  the  result  of  falls,  blows,  kicks, 
and  other  forms  of  external  violence.  In  children  sliding  down  the 
handrail  of  a  staircase,  the  vulva  striking  the  projecting  knob  of  a 
newel-post,  or  falling  astride  some  other  hard  object,  usually  results 
in  contused  wounds,  while  the  penetration  of  some  sharp  instrument 
may  cause  an  incised,  punctured,  or  lacerated  wound.  The  former 
variety  of  injury  may  be  complicated  by  a  subcutaneous  hemorrhage, 
which,  on  becoming  clotted,  forms  a  pudendal  hematoma.  The  latter, 
being  an  open  wound,  may  be  followed  by  alarming  and  even  fatal 
hemorrhage. 

Prognosis  and  Treatment. — A  pudendal  hematoma,  if  small,  may 
disappear  by  absorption.  In  pregnant  or  puerperal  women  the  en- 
largement may  attain  the  size  of  an  ordinary  orange,  and  the  larger 
the  tumor,  the  less  its  likelihood  of  spontaneous  cure.  Rest  in  bed  in 
these  cases  is  the  first  indication.  An  ice-bag  applied  immediately 
or  shortly  after  the  accident  limits  the  extravasation  of  blood  and 
promotes  its  absorption  by  the  continuous  pressure,  and  prevents 
suppuration  in  many  cases.  If  absorption  does  not  take  place  within 
seven  or  eight  days,  a  free  incision  should  be  made,  the  clot  turned 
out,   and  the  cavity  irrigated  and  packed  with  sterile  gauze.     The 
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packing  should  be  renewed  daily  until  the  wound  has  healed.  If 
suppuration  supervenes,  the  part  should  be  freely  opened  and  drained. 

The  hemorrhage  from  an  incised  wound  of  the  vulva  is  best  con- 
trolled by  pressure  until  the  spurting  vessels  can  be  tied  and  the  wound 
closed  by  a  running  suture  of  catgut.  Punctured  and  lacerated  wounds 
must  be  considered  individually,  and  should  be  closed  or  treated 
openly  in  accordance  with  the  principles  governing  the  care  of  such 
wounds  in  other  exposed  portions  of  the  body. 

Traumatisms  of  the  vagina  of  non-puerperal  origin  are  rare. 
They  are  generally  inflicted  during  coitus,  involving  the  hymen  and 
tissues  in  the  immediate  vicinity,  but  may  result  from  the  application 
of  any  form  of  external  violence  and  involve  any  portion  of  the  vaginal 
tube.  In  some  cases  vaginismus  predisposes  to  the  injury  during 
coitus.  The  consequent  hemorrhage  may  be  temporarily,  and  in 
some  cases  permanently,  arrested  by  the  pressure  of  a  tampon,  but 
usually  ligation  of  the  bleeding  vessels  or  closure  of  the  wound  with 
stitches  becomes  necessary. 

Accidental  complete  laceration  of  the  perineum,  independent  of 
parturition,  is  very  rare.  It  usually  results  from  violent  impacts 
against  hard,  sharp,  or  penetrating  objects.  One  of  the  most  frequent 
causes  in  children  is  striking  a  sharp-edged  newel-post  while  sliding 
down  a  banister.  It  has  resulted  from  a  fall  on  the  leg  of  a  stool 
or  on  the  back  of  a  chair,  by  the  penetration  of  the  handle  or  prong 
of  a  pitchfork,  or  of  a  knife  concealed  in  a  hay-mow.  Broken  cham- 
bers or  waste-jars,  kicks,  falls,  and  impalement  by  horned  cattle, 
have  been  among  the  inflicting  agents.  Bov£e,  in  an  excellent  review 
of  the  subject,  reports  a  case  of  a  child,  eight  years  old,  whose  feet 
slipped  while  standing  on  the  coasters  of  a  bicycle.  She  lodged  on  the 
lamp  bracket,  which  caught  in  the  rectum  and  vagina  and  severed 
the  rectovaginal  septum  for  more  than  an  inch.  Royster  reports 
a  case  in  which  the  obstetrician  mistook  a  breech  for  a  face  presenta- 
tion, and  introduced  his  finger  into  the  supposed  mouth  (vagina)  for 
traction,  and  thus  ruptured  the  rectovaginal  septum,  including  the 
perineum.  Cases  have  been  reported  in  which  the  injury  not  only 
involved  the  rectovaginal  septum,  but  the-  peritoneal  cavity,  with 
severe  traumatisms  to  the  contained  viscera,  and  yet  recovery  fol- 
lowed. 

Treatment. — In  the  vast  majority  of  these  cases  immediate  closure 
of  the  wound  is  inadvisable.  The  wound-edges  may  be  ragged  and 
the  tissues  in  the  immediate  vicinity  bruised,  and  in  some  cases 
devitalized.  Under  such  circumstances  the  indications  are  to  arrest 
the  hemorrhage  and  to  treat  the  parts  with  antiseptic  evaporating 
lotions  until  the  tissues  have  regained  their  vitality.  If  sloughing 
supervenes,  nothing  can  be  done  until  the  parts  have  cicatrized.  In 
clean-cut  wounds  an  immediate  repair  may  be  done  with  a  reasonable 
hope  of  securing  good  results.  Correct  coaptation  of  the  rectal  wall 
and  union  of  the  sphincter  ends  are  the  most  important  indications. 
(See  Operations  for  Complete  Lacerations  of  the  Perineum.) 
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It  is  well  to  bear  in  mind  that  serious  infections  may  result  from 
these  injuries  of  the  vulvovaginal  structures.  Neugebauer  has 
collected  157  cases,  22  of  which  resulted  fatally  from  septic  processes 
or  hemorrhage. 

Puerperal  Injuries  of  the  Pelvic  Outlet. 

In  order  to  comprehend  the  clinical  significance  of  puerperal 
injuries  of  the  pelvic  outlet,  as  well  as  the  principles  underlying  the 
various  operative  procedures  for  their  repair,  it  is  of  first  importance 
to  have  a  clear  conception  of  the  gross  anatomy  of  the  pelvic  struc- 
tures, especially  with  reference  to  the  tissues  that  invest  and  deter- 
mine the  position  of  the  genito-urinary  organs,  and  by  which  their 
normal  anatomic  relations  are  maintained.  For  present  purposes 
and  as  a  working  formula  clinically  a  general  description  of  the  parts 
is  essential. 

Anatomy. — Upon  removing  the  superimposed  tissues,  e.  g.,  the 
bladder,  uterus,  and  its  appendages,  the  upper  three-fourths  of  the 
vagina,  together  with  the  peritoneum  and  pelvic  connective  tissue, 
and  looking  into  the  pelvic  cavity  from  above,  the  pelvic  diaphragm 
(floor  of  the  pelvis)  closing  the  pelvic  outlet  presents  itself  in  the  form 
of  a  shallow  muscular  basin  with  three  eccentric  outlets — the  rectum 
behind,  and  the  urethra  and  vagina  in  front.  The  pelvic  fascia  upon 
either  side,  after  becoming  more  or  less  firmly  fixed  to  the  pelvic  brim, 
passes  into  the  pelvic  cavity  and  secures  bony  attachments  on  the 
posterior  surface  of  the  pubes  and  at  the  spine  of  the  ischium.  Between 
these  two  points  the  fascia  becomes  thickened,  forming  the  white 
line  of  the  pelvis.  Here,  approximately,  the  fascia  splits  into  three 
layers.  The  outer  leaflet,  continuing  downward,  covers  the  obturator 
muscle  and  finds  attachment  to  the  pubic  rami,  ischial  tuberosity, 
and  sacrosciatic  ligament,  and  forms  the  outer  boundary  of  the 
ischiorectal  fossa.  The  other  two  leaflets  cover  the  upper  and  under 
surfaces  of  the  musculature  of  the  pelvic  diaphragm,  that  on  its  lower 
aspect  constituting  the  inner  boundary  and  completing  the  ischio- 
rectal fossa.  The  muscular  portion  of  the  diaphragm  comprises  three 
pairs  of  flat  muscles,  the  edges  of  which  are  practically  in  contact 
and  may  have  grown  together,  forming  one  continuous  layer.  The 
arrangement  of  the  muscular  fibers  is  of  special  importance,  because 
it  indicates  the  direction  of  their  vital  energy  and  mechanic  influence, 
and  constitutes  the  key  to  a  proper  understanding  of  pelvic  support. 
The  anterior  segment  of  the  pelvic  floor,  better  known  as  the  levator 
ani  muscle  (puborectalis  or  pubococcygeus),  is  attached  to  the  pos- 
terior surface  of  the  body  of  the  pubes.  It  is  directed  downward  and 
backward  along  the  sides  of  the  vagina  and  rectum,  a  few  of  its  fibers 
going  between  these  two  structures  to  enter  into  the  formation  of  the 
perineum,  but  by  far  the  greater  mass  of  this  muscle  passing  posterior 
to  the  rectum  to  coalesce  with  its  fellow  of  the  opposite  side,  the 
musculature  of  the  rectum,  and  with  the  anal  sphincter.     The  "pull" 
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of  this  muscle  gives  the  rectum  at  its  lower  end  its  characteristic 
sigmoid  forward  curve. 

The  second  part  of  the  muscle  (obturator  coccygeus)  arises  from 
the  tendinous  white  line  in  the  interval  formed  by  the  separation  of 
the  two  layers  of  fascia  covering  its  surfaces'.  Its  direction  is  likewise 
downward,  backward,  and  inward,  some  of  the  fibers  uniting  pos- 
teriorly to  the  rectum  without  an  intervening  tendon,  thus  aiding  the 
anterior  portion  of  the  muscle  in  the  formation  of  the  rectal  forward 
curve,  while  the  remaining  fibers  are  attached  to  the  median  tendinous 
raph6  posterior  to  the  rectum  and  to  the  sides  of  the  coccyx. 

The  third  portion  of  the'  muscle  (ischiococcygeus)  is  of  secondary 
importance  surgically.  It  arises  from  the  spine  of  the  ischium  and 
spreads  out  fan-shaped,  to  be  attached  to  the  sides  of  the  coccyx  and 
the  lower  portion  of  the  sacrum.  The  remaining  portion  of  the  pelvic 
basin  posteriorly  is  completed  by  the  pyriformis  muscle. 

While  the  pelvic  diaphragm  constitutes  the  true  muscular  floor 
of  the  pelvis,  with  its  anterior  segment  as  the  main  object  of  attack 
in  restoring  lost  pelvic  support,  it  is  but  one  of  a  system  of  structures 
that  are  concerned  in  maintaining  the  normal  anatomic  relations  of 
the  pelvic  viscera.  A  practical  knowledge  of  the  anatomy  and  func- 
tions of  the  investing  structures  above  and  below  the  diaphragm, 
therefore,  is  likewise  necessary.  Beginning  above,  we  find  that  the 
uterus  with  its  appendages,  not  unlike  all  other  specialized  structures 
of  the  peritoneal  cavity,  is  suspended  and  directly  supported  by 
mesenteric  folds  and  attachments  (so-called  ligaments)  that,  in  their 
vitalized  state,  other  anatomic  conditions  being  equal,  give  these 
organs  certain  limitations  of  mobility  and  prevailing  tendencies  of 
position  which  are  regarded  as  normal. 

Below  the  peritoneal  covering,  and  between  it  and  the  pelvic  floor, 
is  a  variable  amount  of  loose  connective  tissue  that  fills  up  otherwise 
free  spaces.  A  comparatively  thin  layer  unites  the  anterior  vaginal 
wall  and  the  base  of  the  bladder.  Considerable  masses  are  found  on 
both  sides  of  the  uterus  and  corresponding  bases  of  the  broad  liga- 
ments. The  greater  portions  of  the  vagina  and  rectum  are  embedded 
in  large  accumulations  of  connective  tissue,  which  is  here  loaded  with 
a  variable  amount  of  fat.  Generally  considered,  and  in  its  practical 
application  to  the  study  of  injuries  of  the  pelvic  floor,  it  may  be  said 
that  the  connective  tissue,  although  appearing  in  broken  planes, 
increases  in  bulk  from  above  downward,  forming  a  funnel-shaped 
mass  from  the  pelvic  brim  to  the  insertion  of  the  muscles  forming  the 
pelvic  diaphragm. 

Second  in  importance  to  the  pelvic  diaphragm  in  the  study  of 
pelvic  support  is  the  vaginal  roof.  The  attachment  of  the  vagina 
to  the  pubes  anteriorly,  its  continuity  with  the  musculature  of  the 
uterus,  and  the  ligamentous  and  sacral  fastenings  of  the  latter  pos- 
teriorly, form  an  irregular  though  continuous  muscular  layer,  extend- 
ing from  the  pubic  bone  to  the  sacro-iliac  synchondroses.  The 
vaginal  roof  thus  formed  is  reinforced  by  a  fibrous  prolongation  from 
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the  fascia  covering  the  pelvic  diaphragm,  by  its  close  association  with 
the  base  of  the  bladder,  and  indirectly  by  the  ligamentous  processes 
of  the  pelvic  viscera  above  it,  the  urachus,  and  the  attachment  of  the 
anterior  face  of  the  bladder  to  the  posterior  surface  of  the  symphysis. 

The  parts  below  the  pelvic  diaphragm  comprise  the  anal  and 
urogenital  regions.  The  line  of  division  corresponds  to  a  transverse 
fibrous  band  (ischioperineal  ligament)  attached  to  the  ischial  rami 
just  in  front  of  the  tuberosities.  The  posterior  space  is  occupied  by 
the  anus,  the  terminal  portion  of  the  rectum,  the  anal  sphincters, 
and  the  ischiorectal  fossae.  Anteriorly,  this  band  is  the  line  of  origin 
for  three  layers  of  fasciae,  all  of  which  are  inserted  into  the  ischiopubic 
rami.  The  two  deeper  layers  (deep  pelvic  fascia,  triangular  ligament) 
fasten  the  vagina  externally,  and  with  the  muscular  slips  between 
them  form  the  vaginal  septum,  while  the  superficial  layer  serves  as 
a  base  of  attachment  for  the  loose  drapery  surrounding  and  forming 
the  vulvar  orifice.  Between  these  fascial  layers  are  muscular  bundles 
of  no  special  importance  for  the  present  study,  excepting  the  superfi- 
cial transversus  perinei  muscles,  which  arise  from  the  ischial  tuberosi- 
ties and  are  inserted  into  the  outer  edges  of  the  bulbocavernosus 
muscles  and  the  anterior  perineal  structures,  of  which  they  form  a  part. 
The  anterior  portion  of  the  deepest  of  these  fascial  leaflets  coalesces 
with  the  fascia  on  the  under  surface  of  the  diaphragm,  thus  limiting 
the  extension  forward  of  the  ischiorectal  fossae. 

The  name  perineum  has  been  given  to  that  portion  of  the  ensemble 
of  structures  just  described,  lying  between  the  vulvovaginal  orifice 
and  the  terminal  portion  of  the  rectum  and  anus.  It  presents  marked 
variations  in  all  its  dimensions  in  different  individuals. 

Functions  of  the  Pelvic  Connective  Tissue  and  the  Pelvic 
Diaphragm. — The  pelvic  connective  tissue  forms  a  soft  padding 
between  organs  that,  to  a  degree,  supports  them  and  permits  of  their 
free  mobility  and  physiologic  repletion  and  depletion,  without  undue 
encroachment  upon  associated  structures.  Its  relation  to  the  venous 
system  of  the  pelvis  in  determining  a  properly  balanced  circulation 
is  of  special  importance.  Its  open-mesh  and  fascial  planes,  aided  by 
the  rise  and  fall  of  the  diaphragm,  give  these  valveless  plexuses 
elastic  support,  supplement  the  visatergo,  and,  by  preserving  the 
tortuosity  of  the  venous  trunks,  counteract  the  force  of  gravity  and 
thus  prevent  undue  vascular  dilatation  and  passive  pelvic  engorge- 
ment. 

The  pelvic  diaphragm,  in  addition  to  its  influence  on  the  pelvic 
circulation,  protects  the  internal  pelvic  organs.  It  is  the  antagonist  * 
of  the  thoracic  diaphragm,  contracting  under  expiration  and  relaxing 
during  inspiration.  It  counteracts  intra-abdominal  pressure;  the 
greater  this  pressure  within  certain  limits,  the  more  vigorously  the 
muscle  contracts,  and  the  more  firmly  its  anterior  segment  (the 
levator  ani)  closes  the  vaginal  outlet.  In  doing  so  it  likewise  fulfils 
the  functions  of  a  buffer,  by  preventing  undue  downward  excursions 
of  the  organs  above  it.     During  defecation,  especially  in  the  extrusion 
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of  large  fecal  masses,  the  rectal  contents  are  evacuated  by  the  com- 
bined forces  of  intra-abdominal  pressure  and  counterpressure  on  the 
part  of  the  levator  ani  muscle,  by  which  the  rectum  and  anus  are 
temporarily  elevated  and  fixed  for  the  purpose. 

It  is  well  to  bear  in  mind  that  the  so-called  perineal  body  as  a 
distinct  anatomic  formation  does  not  exist.  As  already  indicated, 
it  is  merely  the  meeting-place  of  muscles  and  fascia  common  to  the 
parts  below  the  pelvic  diaphragm,  covered  by  more  or  less  skin  and  a 
variable  amount  of  connective  tissue  and  fat.  In  itself  it  has  nothing 
whatever  to  do  with  the  support  of  the  internal  pelvic  organs,  and  its 
efficiency  in  maintaining  the  normal  relations  of  the  external  struc- 
tures depends  upon  the  anatomic  and  physiologic  integrity  of  the 
levator  ani  muscle.  As  pointed  out  by  Skene,  the  mechanism  of  this 
anatomic  association  of  pelvic  floor  and  perineum  conforms  with  the 
principles  that  govern  the  supporting  property  of  the  suspension 
bridge,  the  anchorage  being  represented  by  the  pelvic  bones,  the 
perineum  representing  the  bridge  and  the  levator  ani  muscles  cor- 
responding to  the  sustaining  cables  which  hold  the  bridge  at  a  slightly 
variable,  though  generally  fixed,  level.  The  anterior  segment  of  the 
pelvic  diaphragm,  therefore,  is  not  alone  concerned  in  supporting  the 
pelvic  structures  above  it,  but  likewise  in  holding  and  sustaining  the 
perineum  and  other  parts  below  it. 

Practical  Study  of  Pelvic  Support.— Upon  making  an  inspec- 
tion of  the  parts  under  normal  conditions,  the  labia  may  or  may 
not  lie  in  contact,  but  the  vaginal  entrace  itself  will  be  closed.  The 
perineal  measurement  between  the  vulvar  orifice  and  anus  may  be 
comparatively  long  or  very  short,  in  accordance  with  the  accidental 
presence  of  more  or  less  integument,  connective  tissue,  and  fat,  and 
the  anus  will  be  found  tucked  up  in  a  deeply  angled  cleft  between  the 
buttocks. 

Introducing  a  finger  into  the  vagina,  a  firm  muscular  transverse 
elevation,  apparently  beneath  the  mucous  membrane,  about  three- 
quarters  of  an  inch  in  width,  is  felt  crossing  its  posterior  wall,  just 
behind  the  hymen  or  its  remains,  but  which,  in  reality,  is  the  levator 
loop  hugging  the  rectum  posteriorly,  and  through  it  forming  the 
vaginal  promontory  closing  the  vaginal  outlet.  By  directing  the 
woman  to  "draw  up, "  it  at  once  becomes  evident  that  this  muscular 
loop  fulfils  the  function  of  a  sphincter  to  the  vagina,  not  alone  by  its 
own  inherent  tonicity,  but  that  it  is  to  a  greater  or  less  extent  under 
voluntary  control.  Digital  examination  per  rectum  confirms  the 
foregoing  observations,  while  rectoperineal  palpation  with  the  index- 
finger  in  the  rectum  and  the  thumb  over  the  parts  discloses  the  pro- 
portionate amount  of  loose  tissue  entering  into  the  formation  of  the 
perineum,  as  well  as  the  shallowness  of  its  muscular  development, 
and  at  once  dispels  any  previously  held  idea  of  a  well-defined  perineal 
body. 

Upon  retracting  the  posterior  vaginal  wall,  which  necessarily 
includes  the  perineum,  the  rectum,  and  the  levator  ani  muscle,  it  will 
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be  noticed  that  the  muscular  formation  just  mentioned  is  not  abso- 
lutely essential,  under  strictly  normal  conditions,  to  the  support  of 
the  anterior  vaginal  wall  or  the  viscera  above  it.  The  muscular  and 
fascial  attachments  of  this  portion  of  the  vagina,  together  with  its 
indirect  supports,  especially  in  nulliparous  women,  are  usually 
sufficient  to  hold  these  structures  at  a  proper  elevation.  In  fact, 
exceptionally,  women  with  lacerated  or  relaxed  diaphragms  even  are 
met  with  yet  in  whom  there  is  no  evidence  of  descent  of  either  the 
uterus  or  the  vaginal  roof.  In  cases,  however,  of  rupture  or  other 
changes  that  bring  about  a  weakened  state  of  the  musculature  of  the 
vaginal  roof,  or  even  under  the  stress  of  extraordinary  muscular 
efforts,  the  pelvic  diaphragm,  especially  its  anterior  segment,  resists 
the  tendency  to  excessive  downward  movements,  and  thus  becomes 
the  sole  mainstay  of  the  pelvic  contents,  including  the  vaginal  roof 
itself. 

Pathology  and  Symptoms  of  Injuries  of  the  Perineum  and 
Pelvic  Floor. — Considering  the  foregoing,  it  becomes  evident  that 
injuries  of  the  perineum,  as  compared  with  those  of  the  pelvic 
floor  (levator  ani),  necessarily  cause  totally  different  symptoms. 
Tears  of  the  perineum  may  be  superficial,  deep,  or  complete. 

A  superficial  tear  involves  little  more  than  the  fourchet  or  introitus 
vaginae,  and  causes  no  symptoms.  A  more  pronounced  or  deep  tear 
usually  involves  the  bulbocavernosus  and  transversus  perinei  muscles, 
where  they  coalesce  in  the  perineal  structures.  These  muscles,  now 
acting  independently  of  each  other,  pull  the  vulvar  lips  apart,  exposing 
the  vaginal  entrance,  the  same  as  a  doorway  may  be  exposed  by 
separating  at  the  bottom  the  pair  of  portieres  that  conceal  it.  The 
deep  perineal  tear  may  extend  down  to  the  anal  margin,  exposing  in 
some  cases  the  sphincter  ani  muscle,  but  with  the  exception  of  the 
gaping  vulvar  orifice,  this  variety  of  laceration  even  rarely  gives  rise 
to  more  than  a  temporary  inconvenience. 

A  complete  tear  of  the  perineum  is  a  "deep  tear"  plus  a  rupture 
of  the  sphincter  ani  muscle.  Very  rarely  the  sphincter  ani  is  torn 
without  any  involvement  of  the  cutaneous  perineum.  The  one 
distressing  and  overshadowing  symptom  of  a  complete  tear  is  loss  of 
control  of  the  rectal  contents.  In  the  subsequent  cicatrization  of  the 
parts  the  sphincter  ends  may  become  so  fixed  in  scar  tissue  as  to 
afford  partial  and  in  some  instances  very  satisfactory  control.  A 
constipated  habit  frequently  gives  relief  from  involuntary  fecal 
evacuations,  but  usually  fails  in  preventing  the  escape  of  flatus.  In 
some  cases  an  uncontrollable  diarrhea  is  the  rule,  causing  constant 
fecal  discharges,  with  resulting  irritation  of  the  external  parts.  Lac- 
erations of  the  perineum,  even  though  complete  and  involving  more 
or  less  of  the  rectovaginal  septum,  interfere  but  little  with  pelvic 
support.  The  levator  ani  muscles,  excepting  the  few  fibers  that  enter 
the  perineal  structure,  remain  unharmed.  They,  therefore,  retain 
their  property  of  maintaining  a  closed  condition  of  the  pelvic  outlet 
almost  as  perfectly  as  though  no  injury  to  the  perineum  had  occurred. 
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Injury  of  the  Pelvic  Floor. — Considering  the  relations  of  the 
levator  muscles,  their  injury  during  childbirth  necessarily  involves 
the  lateral  fornices  of  the  vagina,  and  may  be  unilateral  or  bilateral, 
visible  or  submucous,  superficial  or  deep.  The  submucous  variety 
consists  of  an  injury  of  one  or  both  muscles  without  a  visible  tear  of 
the  overlying  vaginal  wall.  A  laceration  of  the  pelvic  floor  may  and 
usually  does  involve  more  or  less  of  the  structures  forming  the  peri- 
neum, but  unless  the  perineal  tear  in  a  given  case  is  of  the  complete 
variety,  its  association  with  a  laceration  of  the  pelvic  floor  is  of  minor 
importance  and  will  not  be  referred  to  again  in  considering  the  pathol- 
ogy and  symptoms  of  the  latter  condition. 

During  the  final  stage  in  the  delivery  of  the  fetal  head  the  uterine 
and  abdominal  forces  push  the  presenting  part  downward,  while 
the  pelvic  diaphragm,  aided  by  the  pelvic  curve  of  the  sacrum,  deflects 
it  forward  to  engage  the  levator  loop.  As  labor  progresses  the  latter 
is  dilated,  while  the  retractile  property  of  its  muscles  is  exercised  in 
pulling  the  rectum  and  perineum  first  backward,  then  upward  and 
forward  over  the  escaping  head.  If,  at  this  critical  moment,  the 
elasticity  of  the  levator  loop  fails  to  accommodate  itself  to  the  size 
of  the  advancing  head,  rupture  of  its  structure  results,  and  if  it  escapes 
this  accident,  but  becomes  overstretched  and  fails  in  its  tonicity  or 
retractile  power,  a  condition  of  permanent  relaxation  or  paralysis 
supervenes.  In  either  case  the  working  efficiency  of  this  portion  of 
the  pelvic  diaphragm  is  destroyed,  and  certain  abnormal  changes  of 
a  more  or  less  grave  character  are  sure  to  follow. 

Owing  to  the  failure  of  the  levators  to  respond  to  the  movements 
of  the  respiratory  act,  the  primary  effect  of  such  an  injury  is  venous 
stasis,  followed  in  some  cases  by  an  arrest  of  involution  and  a  lowered 
resistance  to  the  inroads  of  pathogenic  germs.  The  most  pronounced 
changes,  however,  directly  referable  to  the  accident,  usually  occur 
after  the  lying-in  period.  The  ruptured  or  overstretched  muscles, 
in  accordance  with  the  extent  of  their  involvement,  permit  the 
perineal  bridge  to  drop  to  a  lower  level;  the  anus  is  drawn  toward 
the  coccyx,  the  anal  cleft  becomes  more  or  less  obliterated,  and  the 
cutaneous  perineum,  if  uninvolved  in  the  laceration,  usually  becomes 
deeper;  in  other  words,  more  or  less  pronounced  sagging  of  the  struc- 
tures of  the  entire  perineal  region  takes  place.  As  a  consequence,  the 
venous  trunks  within  the  pelvis  are  drawn  out  and  lose  their  tortuous 
course,  while  failure  of  the  "rise  and  fair'  of  the  pelvic  diaphragm 
deprives  them  of  their  elastic  support,  so  that  they  become  dilated, 
varicose,  and  a  source  of  passive  engorgement.  The  resistance  of  the 
pelvic  floor  to  intra-abdominal  pressure  is  no  longer  present,  and  its 
functions  of  making  counter  pressure  during  defecation  and  of  acting 
as  a  sphincter  to  the  vagina  are  likewise  absent.  It  fails  to  respond  to 
stimuli,  and  is  no  longer  under  voluntary  control.  The  vaginal 
entrance  either  is  a  gaping  orifice  or  markedly  relaxed,  and  the 
vaginal  promontory  is  effaced. 

Depending  upon  the  extent  of  the  injury  and  the  length  of  time 


SURGERY    OF    THE    VAGINA.  425 

it  has  existed,  a  hernial  protrusion  through  the  dilated  vaginal  orifice 
of  one  or  more  of  the  pelvic  organs  takes  place.  At  first  the  posterior 
vaginal  wall  prolapses  (posterior  colpocele),  and  this  may  be  followed 
by  the  associated  rectal  wall,  when  it  is  termed  a  rectocele.  But  in 
the  vast  majority  of  cases  the  so-called  rectocele  is  not  a  rectocele  at 
all,  but  a  prolapsus  of  the  vaginal  wall  and  an  overdistended  varicose 
condition  of  the  veins  between  the  vagina  and  rectum.  In  the 
presence  of  a  fecal  accumulation  the  rectum,  unopposed  anteriorly, 
may  cause  a  forward  protrusion,  especially  during  defecation,  but 
upon  making  an  examination  after  the  rectum  has  been  emptied  no 
diverticulum  of  this  structure  can  be  detected,  and  the  apparent 
rectocele  disappears  as  the  blood  is  pressed  out  of  the  veins,  and  as 
promptly  reappears  upon  relieving  the  pressure.  This  condition  of 
the  veins,  as  already  indicated,  obtains  throughout  the  lower  pelvic 
segment  and  accounts  for  the  feeling  of  weight  and  fullness  so  fre- 
quently complained  of. 

Owing  to  arrested  involution  or  failing  tonicity  of  the  musculature 
forming  the  vaginal  roof  consequent  upon  the  loss  of  its  supplementary  ,     ,  .^ 

support  from  below,  or  to  coincident  detachment  or  relaxation  of  .  .*' 

some  of  its  direct  supports,  prolapse  of  this  structure  usually  follows; 
but,  as  previously  stated,  its  integrity  and  supporting  property  may  be  ^  ^ 

preserved  in  the  presence  even  of  an  extensive  injury  to  the  pelvic  floor.    /         *" 

The  unrestrained  latitude  for  downward  excursions  of  the  uterus,^ 
in  addition  to  traction  upon  the  organ  by  the  constantly  prolapsing     ,;    ;  JS^ 
posterior  vaginal  wall,  generally  imposes  impossible  demands  upon        '..  '  "  j1* 
the  retractile  property  of  otherwise  efficient  ligaments,  resulting  in       ;- '  ^ 
overstretching  and  finally  in  atrophy  of  their  muscular  structure  and        .  ^ 
consequent  ptosis  or  prolapsus  of  the  organ,  that  in  some  cases  amounts    '  **£/  ***" 
to  an  extrusion  of  the  entire  organ  through  the  vulvar  orifice  (proci- 
dentia), dragging  the  vaginal  walls  with  it.     In  other  cases  the  vaginal  /    .  > 
walls  prolapse,  first  dragging  down  the  uterus  (vagino-uterine  pro-  / 
lapse).     The  importance  of  these  distinctions  in  the  forms  of  prolapse 
will  be  more  fully  appreciated  in  discussing  the  treatment. 

As  a  matter  of  course,  the  local  changes  vary  with  the  extent  of 
the  lacerations,  and  whether  they  are  unilateral  or  bilateral,  while  the 
severity  of  the  symptoms  usually  corresponds  with  the  organs  involved 
and  the  degree  of  prolapsus,  as  well  as  with  the  nature  of  existing 
complications.  Ordinary  backache,  a  feeling  of  weight  and  fullness 
in  the  pelvis,  and  bearing-down  sensations  are  frequently  complained 
of.  Reflex  headaches  and  gastric  disturbances  are  common,  and 
constipation  is  the  rule.  Vesical  irritation  and  difficulty  in  thoroughly 
emptying  the  rectum  without  manual  support  from  the  vaginal  side 
are  likewise  frequent  symptoms.  Disturbances  of  the  functions  of 
the  uterus,  when  present,  are  accounted  for  by  the  passive  congestion 
and  changes  of  structure  incident  to  the  prolapsus.  In  some  cases 
there  are  no  symptoms,  although  in  injuries  of  one  or  both  levators 
of  minor  degree  the  overaction  of  the  intact  portion  may  cause  very 
annoying  reflex  irritations. 
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Treatment  of  Injuries  of  the  Perineum  and  Pelvic  Floor.— 

Operations  for  the  repair  of  injuries  of  the  vaginal  outlet  are  usu- 
ally classified  as  primary,  intermediate,  and  secondary. 

The  primary  operation  should  be  performed  in  all  cases  if  the 
condition  of  the  patient  at  the  conclusion  of  labor  permits  it.  It  is 
done  immediately,  or  not  later  than  twenty-four  hours,  after  the 
delivery.  Among  the  advantages  of  the  primary  operation  are  the 
closure  of  possible  avenues  for  infection,  the  avoidance  of  subinvolution 
and  venous  stasis,  with  their  retinue  of  deleterious  sequelae,  and,  if 
done  immediately,  the  parts  are  usually  so  benumbed  from  the 
pressure  incident  to  labor  that  an  anesthetic  may  be  dispensed  with. 
The  operation  is  contraindicated  in  cases  of  eclampsia,  postpartum 
hemorrhage,  great  prostration,  virulent  infection,  and  when  the 
lacerated  tissues  have  become  devitalized  from  pressure.  Postpone- 
ment of  the  operation  for  a  few  hours  is  frequently  indicated  for  want 
of  proper  assistants,  instruments,  dressings,  etc.  In  all  cases  of 
lacerations  involving  the  sphincter  ani  and  rectum,  however,  repair 
of  these  structures  should  be  done  immediately,  irrespective  of  local 
conditions,  if  the  patient's  constitutional  state  will  justify  such  a 
procedure.  No  harm  can  result  from  such  practice.  Infection  from 
feces  may  be  avoided,  and  union  of  the  parts  frequently  takes  place 
in  the  presence  of  apparently  hopeless  local  conditions. 

Preliminaries. — Nothing  should  be  left  undone  to  insure  the  per- 
formance of  the  operation  under  the  most  favorable  conditions.  None 
other  than  sheets  and  towels  that  have  been  sterilized  should  be  used 
if  at  all  possible,  but  if  these  are  not  available,  recently  laundered 
clean  linens  may  be  used  after  being  gone  over  with  a  well-heated 
flat-iron,  and  covered  with  towels  wrung  out  of  a  1 :  1000  bichlorid 
solution.  Thorough  cleanliness  and  the  strictest  aseptic  and  anti- 
septic precautions  should  be  observed  on  the  part  of  the  surgeon  and 
his  assistants  in  their  personal  attentions,  as  well  as  in  the  preparation 
of  receptacles  for  solutions  and  instruments.  An  abundance  of  clean 
hot  and  cold  water,  previously  boiled,  should  be  at  hand.  Instru- 
ments, irrigating  apparatus,  and  rubber  gloves  should  be  sterilized 
by  boiling.  Some  of  the  most  virulent  infections  have  come  under 
my  own  observation  as  a  result  of  neglect  on  the  part  of  practitioners 
concerning  these  simple  precautions. 

The  instruments  necessary  for  doing  a  primary  repair  are  scissors, 
a  few  hemostats,  needle-holder,  a  few  curved  needles,  and  occasionally 
a  retractor.  The  suture  material  may  be  left  to  the  choice  of  the 
surgeon.  Chromicized  catgut  No.  1  has  the  advantage  of  holding  the 
tissues  in  apposition  until  union  has  occurred,  without  irritation  of 
the  tissues  or  otherwise  annoying  the  patient. 

Under  no  consideration  should  the  operation  be  attempted  with 
the  patient  lying  in  bed.  The  modern  bedstead  is  too  low  for  the 
purpose,  and  is  back-breaking  to  the  surgeon,  while  the  soft,  shifting 
mattress  is  an  additional  obstacle  to  the  proper  performance  of  an 
operation  requiring  such  nicety   of  adaptation.     One  of  the  best 


SURGERY    OF   THE    VAGINA.  427 

supports  for  the  patient  is  an  ordinary  kitchen  table,  four  or  five  feet 
long  by  one  and  a  half  to  two  feet  wide.  This  offers  a  properly 
elevated,  non-shifting  surface,  can  be  so  placed  as  to  secure  the  best 
light  for  thorough  inspection,  and  affords  the  surgeon  and  his  assis- 
tants the  necessary  access  for  doing  good  work.  By  the  use  of  a  Robb 
leg-holder,  but  one  assistant  may  be  necessary.  After  the  patient 
has  been  anesthetized,  if  an  anesthetic  is  necessary,  the  vagina, 
external  genitals,  and  immediate  surroundings,  including  the  hypogas- 
trium  and  the  inner  and  anterior  aspect  of  the  upper  thighs,  should 
be  thoroughly  scrubbed  with  a  solution  of  soap  in  sterile  water, 
followed  by  some  antiseptic  solution,  preferably  bichlorid  1 :  1000, 
and,  lastly,  the  field  for  exposure  should  be  surrounded  with  sterile 
sheets. 

Operation. — With  all  the  necessary  operating  paraphernalia  properly 
arranged,  the  surgeon,  conveniently  seated,  separates  the  labia  and 
exposes  the  entire  genital  field,  using  a  retractor  for  the  purpose  if 
necessary.  Rents  of  the  cervix,  if  their  repair  is  indicated,  are  first 
attended  to.  If  the  perineum  or  vaginal  walls  are  lacerated,  a  plug 
of  gauze,  or,  preferably,  absorbent  cotton  wrung  out  of  a  solution  of 
bichlorid,  is  introduced  into  the  vagina  well  above  the  upper  limits 
of  the  torn  surface,  to  be  removed  with  a  forceps  upon  the  completion 
of  the  operation.  This  secures  a  comparatively  dry  field  and  facili- 
tates examination  of  the  parts  and  proper  surgical  manipulations. 

Tears  of  the  anterior  vaginal  wall,  if  present,  are  sutured  first; 
those  of  the  vaginal  sulci  next,  and  perineal  tears  last.  The  exception 
to  this  order  of  procedure  is  in  cases  of  lacerations  of  the  perineum 
involving  the  sphincter  ani  and  rectal  wall,  to  be  referred  to  later. 
Frayed  and  irregular  edges  should  be  smoothly  trimmed  with  the 
scissors,  and  all  sutures  should  be  introduced  so  as  to  bring  the 
separated  structures  as  nearly  as  possible  into  the  normal  anatomic 
relations.  This  at  times  is  difficult,  owing  to  muscular  retractions 
and  consequent  displacement  of  tissues. 

To  one  unaccustomed  to  this  line  of  work,  an  excellent  plan  to 
follow  in  cases  of  extensive  or  complicated  tears  is  to  place  one  hand 
upon  either  side  of  the  external  parts  and  push  the  torn  surfaces 
together  in  such  a  way  as  temporarily  to  restore  the  normal  relations. 
The  terminal  angles  of  the  torn  tissues  at  the  vaginal  entrance  are 
now  transfixed  by  guide  sutures,  to  serve  as  indicators  of  the  lower 
limits  of  the  vagina,  which,  when  drawn  together,  bring  the  torn 
surfaces  into  correct  apposition  and  disclose  the  depths  and  proper 
relations  of  the  structures  to  be  sutured. 

Tears  of  the  anterior  vaginal  wall  are  usually  closed  with  con- 
tinuous sutures  of  chromic  catgut.  The  vaginal  sulci  should  be 
repaired,  so  as  to  bring  the  retracted  ends  of  the  torn  levators  and  the 
fascia  into  firm  coaptation.  This  is  best  done  by  the  use  of  a  curved 
needle,  placing  the  sutures  about  one-third  of  an  inch  apart.  The 
needle  penetrates  the  mucous  membrane  about  a  quarter  of  an  inch 
from  the  margin  of  the  tear  on  one  side,  makes  a  semicircular  sweep 
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out  into  the  tissues  from  above  downward  to  the  bottom  of  the  sulcus, 
repeating  the  same  procedure  from  below  upward  on  reentering  the 
tissues  and  emerging  from  the  corresponding  margin  of  the  mucous 
membrane  of  the  -opposite  side.  Stitches  thus  placed,  when  tied, 
belly  the  muscular  structures  toward  each  other  between  the  bottom 
of  the  sulcus  and  the  free  edges  of  the  torn  mucous  membrane,  securing 
firm  coaptation  throughout  the  whole  line  of  suture.  The  two  ends 
of  each  suture  should  be  secured  by  a  hemostatic  forceps  till  it  is 
ready  to  be  tied.  None  of  them  should  be  tied  until  all  have  been 
introduced. 

In  bilateral  tears,  first  one  side,  and  then  the  other,  should  be 
sutured.  The  external  perineal  wound  should  now  be  closed  with 
transverse  sutures,  by  observing  the  same  general  principles  that 
apply  to  suturing  of  tears  within  the  vagina,  being  especially  careful 
to  catch  and  reattach  the  retracted  ends  of  the  superficial  transversus 
perinei  muscles. 

In  complete  tears  of  the  perineum,  to  prevent  soiling  of  the  raw 
surfaces  and  possible  infection  from  fecal  discharges,  the  torn  rectal 
wall  and  sphincter  should  be  united  before  attempting  to  repair  tears 
within  the  vagina.  Tears  of  the  rectal  wall  may  be  closed  from  above 
downward  in  one  of  three  ways:  (1)  By  interrupted  sutures  which 
are  passed  through  the  entire  thickness  of  the  rectal  wall  and  tied 
within  the  lumen  of  the  gut;  (2)  by  interrupted  Lauenstein  sutures; 
(3)  by  continuous  Lauenstein  sutures.  The  Lauenstein  suture 
includes  the  margin  of  the  torn  edge  of  the  rectum,  as  well  as  the 
rectal  wall  itself,  excepting  its  mucous  coat,  and  whether  the  stitches 
are  interrupted  or  continuous,  the  fixation  knots  are  tied  within  the 
lacerated  area  facing  the  vagina. 

After  the  rectal  wall,  including  the  anal  margin,  has  been  restored, 
the  next  step  is  to  reunite  the  torn  ends  of  the  sphincter  ani.  It 
should  be  recalled  that,  under  normal  conditions,  this  muscle  sur- 
rounds the  terminal  portion  of  the  bowel  immediately  beneath  the 
skin,  so  that  its  retracted  ends  in  cases  of  rupture  are  usually  found 
in  Small  deep  sulci  just  within  the  torn  edges  of  the  skin,  upon  either 
side  of  the  anal  margin.  The  retracted  ends,  after  being  lifted  up 
from  the  depths  of  these  sulci  with  a  tenaculum  or  toothed  forceps, 
are  reunited  by  two  or  three  chromic  catgut  sutures.  The  line  of 
union  in  the  rectal  wall  may  be  reinforced,  and  tension  minimized  by 
a  running  suture  of  catgut,  uniting  a  portion  of  the  deeper  tissues 
overlying  the  rectum. 

Upon  the  completion  of  the  operation  the  parts  are  washed  with 
an  antiseptic  solution,  after  which  an  aseptic  vulvar  pad  is  applied. 
The  patient  is  put  to  bed,  and  is  now  cared  for  in  accordance  with 
indications  following  delivery. 

After-treatment — The  patient  is  permitted  to  lie  in  any  position. 
Tying  the  legs  together  is  unnecessary.  The  catheter  is  not  used 
unless  the  patient  is  unable  to  pass  urine.  The  external  parts  should 
be  irrigated  with  an  antiseptic  solution  after  each  urination  and  bowel 
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movement.  Douches  should  not  be  given  unless  especially  indicated. 
The  bowels  should  be  moved  on  the  third  day  after  the  operation  by 
the  use  of  some  cathartic,  preferably  Epsom  salts,  and  daily  evacua- 
tion should  be  secured  subsequently  by  enemas  for  not  less  than  a 
week.  In  cases  of  repair  following  tears  into  the  rectum  milk  and 
solid  food  leaving  much  residue  must  be  excluded  from  the  dietary 
for  ten  days,  and  each  bowel  movement  should  be  preceded  by  a  high 
enema  of  six  to  eight  ounces  of  sterile  oil,  introduced  by  the  use  of  a 
small  rectal  tube  and  a  piston  syringe.  Non-absorbable  stitches  in 
the  perineum  should  be  removed  in  nine  or  ten  days,  excepting  in 
sphincter  and  rectal  tears,  when  the  lower  stitches  should  be  allowed 
to  remain  a  few  days  longer.  Stitches  in  the  vaginal  sulci  should  not 
be  removed  for  twelve  days  or  two  weeks.  The  patient  may  leave 
her  bed  in  from  two  to  three  weeks,  in  accordance  with  the  firmness 
of  cicatrization  of  the  repaired  structures. 

The  Intermediate  Operation. — The  intermediate  operation  is  per- 
formed any  time  from  twenty-four  hours  to  two  weeks  after  labor. 
The  delay  may  be  occasioned  by  any  of  the  contraindications  men- 
tioned for  the  primary  operation.  No  denudation  of  the  tissues,  as 
a  rule,  is  required.  The  parts  should  be  thoroughly  cleansed  with 
rough  gauze  sponges,  and  in  some  cases  it  may  be  necessary  to  scrape 
the  parts  with  a  knife  or  curet.  After  trimming  ragged  edges  in  order 
to  secure  good  coaptation,  sutures  are  introduced  as  for  the  primary 
repair. 

Secondary  or  Plastic  Operations. — The  denudation  operations  of 
Emmet  and  Hegar,  and  their  modifications  by  others,  although  still 
extensively  practised,  have  been  supplanted  to  a  large  extent  by 
flap-splitting  and  resection  procedures  that  require  a  certain  degree 
of  mobility  of  structure  for  their  successful  performance.  In  order  to 
secure  the  most  favorable  results,  therefore,  plastic  operations  upon 
the  perineum  and  vagina  should  not  be  attempted  until  the  lacerated 
tissues  have  become  cicatrized,  the  resulting  cell  infiltration  has 
disappeared,  and  the  tissues  have  regained  their  pliability.  In 
accordance  with  the  extent  of  the  lacerations,  local  changes,  and  the 
constitutional  condition  of  the  patient,  the  time  required  to  secure 
this  state  of  the  tissues  may  extend  over  periods  varying  from  two 
weeks  to  two  or  more  months. 

Preparation  for  Operation. — The  patient  should  be  in  bed  at  least 
two  days  before  the  operation.  Special  attention  should  be  given 
to  the  thorough  emptying  of  the  alimentary  canal.  If  this  is  neglected, 
the  passage  of  hard  fecal  masses  subsequently  may  bring  about  a 
separation  of  the  sutured  structures.  Any  one  of  the  well-known 
cathartics  may  be  given;  one  or  two  grains  of  calomel  in  broken  doses, 
followed  by  Epsom  salts  the  day  preceding  the  operation,  usually 
answer  the  purpose.  In  cases  of  obstinate  constipation,  especially 
if  an  operation  is  to  be  done  for  complete  perineal  tear,  castor  oil  or 
salts  should  be  given  on  alternate  days  for  at  least  a  week  before 
operation,  followed  by  copious  flushing  of  the  colon  with  the  patient 


430  SURGERY    OF   THE    FEMALE    GENITOURINARY    ORGANS. 

in  the  knee-chest  position.  On  the  morning  of  the  operation  no 
breakfast  is  allowed.  The  external  parts  are  shaven,  the  lower  bowel 
is  washed  out  with  an  enema,  and  a  full  bath  is  given.  The  final 
preparation  of  the  patient  and  all  other  preliminaries  incident  to  the 
operation  should  be  carried  out,  as  directed  for  the  primary  operation 
(p.  426). 

Instruments. — With  but  few  variations  in  their  selection  to  meet 
special  indications,  practically  the  same  instruments  are  required  for 
all  operations  on  the  perineum  and  vagina.  The  following  list  is 
submitted,  from  which  a  selection  may  be  made  to  meet  the  require- 
ments of  a  given  case:  Knife;  straight  and  curved  scissors;  three 
shepherds'  crooks  tenacula;  two  tenacula  forceps;  eight  or  ten  hemo- 
stats;  toothed  forceps;  needle-holder;  rounded  and  sharp-edged  curved 
needles;  perforated  shot;  shot  compressor;  speculum  and  retractors; 
dressing  forceps. 

Suture  Material. — Silk,  silkworm-gut,  silver  wire,  and  catgut  are 
the  suture  materials  that  are  generally  employed  in  plastic  work. 
Catgut  has  the  advantage  of  disintegrating  after  serving  its  purpose, 
and  is  especially  -adapted  for  buried  sutures.  Its  comparative  early 
absorption  when  exposed  to  the  discharges  of  mucous  membranes 
should  be  borne  in  mind.  Dry  chromic  catgut  is  more  resistant  than 
the  same  catgut  of  equal  size  preserved  in  alcohol  or  other  solutions. 
If  the  tissues  to  be  sutured  can  be  brought  together  without  much 
tension,  catgut  may  be  used  throughout  in  any  of  the  plastic  proce- 
dures. Tissues  requiring  more  than  an  easy  tension  should  be  approxi- 
mated with  non-absorbable  sutures.  Of  these,  silkworm-gut  secured 
with  perforated  shot  is  preferred  by  most  surgeons. 

Operation. — Four  distinct  surgical  abnormalities,  with  their  special 
pathologic  sequelae,  may  present  themselves:  (1)  Incomplete  perineal 
tear;  (2)  complete  perineal  tear  involving  the  sphincter  ani  and 
rectum;  (3)  injury  of  the  levator  ani  muscles  and  posterior  colpocele 
or  rectocele;  (4)  cystocele  or  anterior  colpocele. 

Two  or  more  of  these  lesions  may  and  frequently  do  coexist  in 
the  same  patient,  but  each  requires  special  consideration  from  an 
operative  standpoint  in  order  to  secure  the  best  results.  The  opera- 
tive procedures  adapted  to  their  repair  may  be  classified  under  three 
heads:  (1)  Denudation  operations;  (2)  flap-splitting,  cleavage,  and 
flap-formation  operations;  (3)  resections.  The  full  significance  of 
these  terms  will  become  more  comprehensive  in  the  succeeding  descrip- 
tions of  individual  operative  procedures. 

Operations  on  the  Perineum. — An  incomplete  tear  of  the 
perineum  causing  symptoms  requires  denudation  of  the  scarred 
area  sufficient  to  expose  and  secure  the  retracted  transversus 
perinei  muscles  and  to  close  the  gaping  vulvar  orifice.  This  is 
usually  best  accomplished  by  a  flap-splitting  procedure  or  by  a 
modified  Hegar  resection.  In  either  case  the  inner  borders  of  the 
labia  majora,  on  a  level  with  the  lowermost  carunculae  myrti- 
formes,  are  caught  with  double  tenacula  and  drawn  apart.    Beginning 
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upon  one  side,  the  structure  to  the  inner  side  of  the  tenaculum  is 
grasped  with  toothed  forceps,  and  one  blade  of  a  sharp-pointed 
scissors  is  thrust  into  the  tissues,  and,  by  a  semilunar  cut,  the  scissors 
split  the  tissues  along  the  existing  perineal  margin  to  the  inner  side 
of  the  tenaculum  on  the  opposite  side.  The  cut  may  now  be  deepened 
by  blunt  dissection  with  the  fingers  or  with  scissors  to  the  desired 
depth.  If  the  vaginal  flap  is  to  be  retained,  the  slack  in  same  may 
be  disposed  of  by  the  introduction  of  sutures,  as  practised  by  Professor 
Montgomery  in  his  operation  on  the  pelvic  floor  (Fig.  134),  or  it  may 
be  cut  away  so  as  to  leave  a  triangular  denudation  that;  may  be  closed 
transversely,  including  all  the  tissues  or  by  combined  buried  and 
superficial  sutures,  as  indicated  in  Fig.  125,  using  chromic  catgut  for 
the  deep  sutures,  and,  if  pre- 
ferred, interrupted  silkworm- 
gut  sutures  externally. 

Complete  Tear  of  the  Peri- 
neum.— Numerous  methods  for 
the  repair  of  this  lesion  may  be 
found  in  the  various  text- 
books, but,  owing  to  the  lia- 
bility of  contamination  from 
the  rectum,  with  resulting 
rectovaginal  fistulae,  the  com- 
plicated denudation  operations 
formerly  practised  have  been 
replaced  by  the  simpler  flap- 
splitting  procedures,  and  more 
recently  by  the  flap-formation 
methods,  which  practically 
eliminate  the  rent  in  the  rectal 
wall  as  a  factor  in  the  opera- 
tion. Of  these,  every  surgeon 
of  experience  comes  to  adopt 
two  or  three,  to  which  he  FlG 
becomes  accustomed,  soon 
learning  that  success  depends 
more  upon  doing  well  the  operations  to  which  he  has  given  most 
attention  than  upon  the  actual  methods  themselves.  Whatever  the 
operative  procedure,  union  of  the  retracted  ends  of  the  severed  sphinc- 
ter ani  muscle,  with  a  minimum  exposure  of  the  wound  to  infection 
from  the  rectum,  must  be  secured. 

Tait's  Operation  for  Complete  Laceration. — The  index  and  middle 
fingers  of  one  hand  are  introduced  into  the  rectum.  One  blade  of  a 
sharp-pointed  scissors  curved  on  edge  is  now  thrust  into  the  tissues, 
midway  between  the  anus  and  the  existing  vulvar  margin  of  the 
perineum,  splitting  the  rectovaginal  septum  to  the  depth  of  about 
a  half-inch.  Two  vertical  incisions  are  next  made,  joining  the  trans- 
verse cut  on  a  line  with  the  anterior  border  of  the  larger  labia,  and, 


125. — Modified     He«ar     Colpoperineor- 

RHAPHT. 

Deep  and  superficial  continuous  catgut  sutures. 
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extending  from  the  level  of  the  upper  and  outer  caruncles  to  points 
a  little  outside  and  below  the  depressions  or  pits  in  the  skin,  indicate 
the  position  of  the  retracted  ends  of  the  sphincter.  The  combined 
incisions  form  the  letter  H  (Fig.  126).  As  the  vaginal  and  rectal  flaps 
thus  formed  are  held  apart,  a  wide  quadrilateral  expanse  of  raw 
surface  presents  itself.  Sutures  of  silkworm-gut  are  introduced 
transversely  with  a  curved  Reverdin  needle.  The  needle  is  introduced 
about  a  half-inch  from  the  cut  edge  of  one  side,  passes  underneath 
the  raw  surface  to  within  a  quarter  of  an  inch  of  the  bottom  of  the 
wound,  reenters  the  tissues  of  the  opposite  side,  and  emerges  through 
the  skin  on  a  level  with  the  corresponding  point  of  entrance.  The 
lowermost  suture  includes  the  ends  of  the  sphincter  and  skirts  the 


Fig.    126. — Tait'h    Incikions    for   Complete        Fig.    127. — Appearance   of   Surface    After 
Laceration.  Formation  of  Flaps.     Sutures  Introduced. 


rectal  rent  by  being  completely  buried  beneath  the  cut  surface, 
excepting  where  it  passes  through  the  skin.  Owing  to  the  mobiliza- 
tion of  the  rectal  wall,  by  its  separation  from  the  vagina,  this  suture 
brings  the  uppermost  portion  of  the  rectal  tear  to  the  level  of  the  skin 
(Fig.  127).  After  the  sutures  are  tied  (rarely  more  than  four  are 
required),  the  sphincter  ends  are  brought  into  close  contact,  and  a 
deep  muscular  perineum  is  formed,  separating  the  restored  anus  and 
the  vulvar  orifice.  The  remaining  raw  edge  writhin  the  newly  formed 
introitus  vaginae  is  closed  with  a  continuous  suture  of  catgut.  The 
stitches  are  removed  in  about  twelve  days.  In  this  operation  there 
is  no  loss  of  tissue,  and,  if  properly  done,  it  usually  gives  good  results. 
If,  in  addition  to  the  rectal  tear,  the  muscles  of  the  pelvic  floor  are 
likewise  involved,  a  correction  of  both  defects  may  be  accomplished 
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by  carrying  the  incisions  more  or  less  deeply  into  the  tissues  on  the 
sides  of  the  rectum  and  vagina. 

Ristine's  Flap  Operation. — In  1897  Ristine,  of  Knoxville,  Tenn., 
introduced  an  operation  for  the  repair  of  complete  lacerations  of  the 
perineum  which  at  once  was  recognized  as  a  distinct  advance  over  all 
other  known  procedures.  It  still  retains  its  originality  in  principle, 
irrespective  of  its  modifications  by  others  in  technic.  A  vaginal  flap 
is  formed  by  making  practically  a  transverse  cut  through  the  vaginal 
mucous  membrane,  a  half-inch  or  more  above  the  rectal  margin,  with 
lateral  incisions  extending  to  the  sphincter  pits  (Fig.  128).  The  flap 
is  loosened  from  above  downward,  its  attachment  at  the  rectal 
margin  remaining,  which,  upon  being  drawn  down,  covers  the  rectum 
like  an  apron.     The  sphincter  ends  are  drawn  out  of  their  sulci  with 


Fig.   128. — Ristine'h    Line  of   Incision  for 
Complete  Laceration  of  the  Perineum. 


Fig.  129. — Ristine'b  Operation. 
Flap  turned  down.     Stitches  introduced. 


uterine  tenacula  or  toothed  forceps  and  sutured  together.  A  silkworm- 
gut  suture  is  now  passed  through  both  the  skin  and  muscle.  Having 
thus  converted  a  complete  into  an  incomplete  tear,  with  the  equivalent 
of  a  Hegar  resection  of  the  vagina,  the  balance  of  the  wound  is  closed 
accordingly  (Fig.  129).  After  the  parts  have  been  sutured,  the  flap  of 
tissue  which  has  been  turned  down  projects  from  the  anterior  anal 
margin,  and  may  be  fastened  over  the  line  of  union,  thus  protecting  the 
recently  united  perineal  tissues  from  fecal  discharges.  In  this  opera- 
tion there  is  no  wound  involving  the  rectal  structure,  and  the  oppor- 
tunity for  the  formation  of  a  fecal  fistula  is  reduced  to  a  minimum. 

Watkins*  Operation. — Recently,   Thomas  J.  Watkins   introduced 
an  operation  that  is  adapted  to  the  average  case  of  complete  lacera- 
tion, and  more  than  any  other  obviates  the  possibility  of  contamination 
from  the  rectum. 
vol.  v — 28 
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A  straight  transverse  incision,  about  a  half-inch  in  length,  is  made 
through  the  vaginal  mucosa,  not  less  than  a  half-inch,  and  in  some 
cases  an  inch,  above  the  margin  of  the  rectal  tear.  A  sharp-pointed 
straight  scissors  is  now  introduced  into  the  incision  upon  one  side, 
and  pushed  down  to  and  into  the  retracted  end  of  the  sphincter,  the 
location  of  which  is  indicated  by  the  usual  skin  dimple.     The  blades 

of  the  scissors  are  opened  so  as  freely 
to  separate  the  tissues.  The  same 
process  is  repeated  on  the  other  side. 
The  connective  tissue  between  these 
two  points  is  now  thoroughly  separated 
by  blunt  dissection  down  to  the  junc- 
tion of  the  rectal  wall  with  the  existing 
perineal  border.  The  end  of  the  muscle 
upon  either  side  is  lifted  out  of  its  bed 
with  a  uterine  tenaculum,  seized  with 
toothed  forceps,  and  brought  into 
view.  The  two  ends  of  the  muscle, 
including  some  of  the  surrounding 
connective  tissue,  are  sutured  with 
chromicized  catgut  (Fig.  130).  The 
vaginal  incision  may  now  be  closed, 
or,  if  indicated,  it  may  be  utilized  as 
a  base  for  the  performance  of  a  flap- 
splitting  or  resection  operation  upon 
the  pelvic  floor.  The  advantages 
claimed  for  the  operation  are — (1)  The 
long  distance  of  the  external  sutures 
from  the  anus,  thus  minimizing  the 
danger  of  infection;  (2)  individual 
suture  of  the  muscle;  (3)  the  formation  of  rectovaginal  fistulas  is 
impossible;  (4)  postoperative  enemas  can  be  given  without  danger 
of  injury  or  infection. 

Simpson's  Operation. — Simpson's  operation  is  especially  adapted 
to  complete  tears  that  involve  the  rectal  wall  high  up.  Vaginal  and 
rectal  flaps  are  formed  as  in  Tait's  operation.  The  defects  in  the 
flaps  corresponding  with  the  position  of  the  original  laceration  are 
now  closed  by  interrupted  sutures,  so  as  to  restore  the  anterior  rectal 
wall  posteriorly,  and  the  floor  to  the  entrance  of  the  vagina  anteriorly. 
The  knots  in  the  rectal  flap  are  tied  in  the  lumen  of  the  gut,  while 
those  in  the  vaginal  flap  face  the  vagina.  The  retracted  sphincter 
ends  and  the  quadrilateral  raw  surface  are  now  brought  together  with 
interrupted  sutures,  as  in  the  Tait  operation.  Individual  suture 
of  the  sphincter  ends  and  closure  of  the  remaining  subcutaneous 
structures  with  buried  continuous  sutures,  forming  superimposed 
layers  of  tissues,  with  separate  approximation  of  the  skin-edges,  using 
chromic  catgut  throughout,  have  given  most  excellent  results  in  my 
own  hands. 


Fig.  130. — Watkins'  Operation. 
Suture  of  the  sphincter  ani  muscle. 
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Operations  on  the  Pelvic  Floor:  Posterior  Colpocele;  Recto- 
cele. — The  operations  for  the  restoration  of  the  lost  power  and 
functions  of  the  pelvic  diaphragm  following  lacerations  of  its  anterior 
segment  are  likewise  indicated  if  these  conditions  depend  upon  dias- 
tasis of  the  levator  muscles,  the  result  of  overdistention,  subinvolution, 
or  constitutional  debility,  and  even  if  due  to  senile  atrophy. 

To  Emmet  belongs  the  credit  of  having  devised,  more  than  a  quar- 
ter of  a  century  ago,  a  surgical  procedure  for  the  correction  of  these 
abnormalities,  which,  with  some  important  modifications,  is  still 
the  operation  of  choice  with  many  surgeons. 

Emmet's  operation,  as  modified  by  Dr.  C.  P.  Noble,  is  well-nigh 
a  perfect  procedure  in  its  results,  but  no  more  so  than  some  of  the 


Fia.  131. — Perineorrhaphy.     (Kelly  and  Noble.) 
The  field  of  operation  U  exposed  for  denudation. 

simpler  flap-splitting,  cleavage,  and  resection  operations  that  are  fast 
gaining  in  favor  with  the  more  advanced  surgeons  of  our  day. 

Emmet's  Operation,  as  Modified  by  Noble. — Two  shepherds'  crooks 
tenacula  and  two  tenacula  forceps  are  used  to  expose  the  field  for 
denudation.  One  tenaculum  forceps  catches  the  skin  of  the  perineum 
below  the  fourchet,  on  a  line  with  the  anus.  The  tissues  in  the 
vicinity  of  the  remains  of  the  hymen  on  each  side,  just  below  the 
orifice  of  the  vulvovaginal  glands,  are  fixed  by  shepherds'  crooks 
tenacula  and  held  by  assistants.  The  crest  of  the  rectocele  is  picked 
up  with  the  other  tenaculum  forceps  at  a  point  which,  upon  the 
completion  of  the  operation,  will  be  about  one-fifth  of  an  inch  within 
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the  original  position  of  the  previously  intact  hymen.  Owing  to  the 
variable  size  of  the  rectocele,  this  may  be  determined  by  lifting  it  up 
against  the  anterior  vaginal  wall,  when  the  point  to  be  selected 
should  correspond  with  this  structure  just  below  the  external  urinary 
meatus.  Traction  upon  these  fixed  points  exposes  three  triangles — 
an  external  one,  between  the  shepherds'  crooks  tenacula  and  the 
forceps  attached  to  the  skin  of  the  perineum,  and  an  internal  one,  on 
each  side  between  the  forceps  holding  the  rectocele  and  the  shepherds' 
crooks  tenacula,  and  running  up  the  vaginal  sulcus  a  variable  distance 
(Fig.  131).  These  triangular  areas  are  now  denuded  by  the  removal 
of  successive  strips  of  tissue  by  means  of   toothed  forceps  and  the 


Fio.  132. — Perineorrhaphy.     (Kelly  and  Noble.) 
The  denudation  is  completed. 

two  Emmet  curved  scissors,  leaving  a  raw  surface  (Fig.  132).  The 
sutures  are  introduced  with  a  full-curved  light-weight  needle,  armed 
with  a  carrier.  The  method  of  suturing  is  best  expressed  in  Noble's  own 
wrords:  "  Each  suture  should  be  tied  as  it  is  introduced.  Two  or  three 
sutures  usually  suffice  to  approximate  neatly  the  upper  end  of  the 
sulcus.  Usually  two  sutures  are  now  introduced  to  attach  the 
posterior  vaginal  wall  to  the  levator  ani  muscle.  When  a  rectocele 
exists,  these  sutures  are  employed  to  pick  up  the  loose  tissues  of  the 
rectocele  and  roll  them  back  into  the  pelvis  by  attaching  them  to  the 
levator  ani  muscle,  at  the  same  time  elevating  the  posterior  wall  of 
the  vagina,  so  that,  at  the  completion  of  the  operation,  it  shall  lie 
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in  contact  with  the  anterior  vaginal  wall.  The  first  of  these  sutures 
may  be  of  catgut.  The  second  should  be  of  silkworm-gut,  and  act 
as  a  tension  suture.  When  operating  in  the  left  sulcus,  these  sutures 
are  introduced  as  follows:  The  lateral  vaginal  wall  is  pushed  within 
the  pelvis  with  two  fingers  of  the  left  hand,  and,  at  the  same  time, 
elevated  toward  the  pubic  arch.  This  maneuver  is  practised  so  that 
when  the  suture  is  passed,  it  will  tend  to  fasten  the  lateral  vaginal 
wall  to  the  levator  muscle  at  a  higher  plane  within  the  pelvis.  The 
needle  is  introduced  5  mm.  (J  inch)  from  the  margin  of  the  wound, 
and  is  passed  directly  through  the  levator  muscle,  so  as  to  catch  a 
firm  hold  on  the  muscle  and  its  fascia.  It  is  then  brought  out  into 
the  sulcus,  about  1  cm.  (f  inch)  below  the  lateral  margin  of  the  wound. 
The  needle  is  then  introduced  into  the  loose  tissues  of  the  rectocele, 
at  a  plane  considerably  below  the  point  of  its  emergence,  and  made  to 
pass  along  the  sides  of  the  rectocele  without  penetrating  the  rectal 
wall,  until  it  emerges  upon  the  posterior  vaginal  wall  at  a  point 
corresponding  with  its  point  of  entry.  The  effect  of  these  sutures 
when  tied  is  to  draw  the  rectocele  back  into  the  pelvis  and  to  elevate 
the  posterior  vaginal  wall,  and  attach  it  to  the  levator  muscle.  The 
last  or  "tension  suture"  should  be  just  within  the  border  of  the 
levator  muscle.  The  location  of  this  muscle  should  always  be  deter- 
mined before  placing  these  sutures.  The  denudation  in  the  opposite 
sulcus  is  now  sutured  in  a  similar  manner. 

The  crown  suture  is  next  passed.  This  should  be  of  medium 
weight  catgut,  and  is  a  superficial  suture  throughout.  It  is  passed  first 
through  one  lateral  vaginal  wall,  the  tip  of  the  posterior  vaginal  wall, 
and  then  through  the  opposite  vaginal  wall.  This  suture  is  about 
\  cm.  (J  inch)  within  the  hymen,  which  is  about  opposite  the  anterior 
border  of  the  levator  muscle.  The  next  suture  should  be  of  silkworm- 
gut,  and  its  special  purpose  is  to  approximate  the  anterior  borders 
of  the  levator  muscle  covered  with  their  fascia,  so  as  to  obtain  fascial 
union,  and  in  this  way  imitate  the  union  of  the  slips  from  the  levator 
ani  muscle,  which  unite  in  the  rectovaginal  septum.  The  needle 
is  introduced  through  the  lateral  vaginal  wall  just  within  the  hymen, 
and  passes  rather  superficially  from  before  backward  and  from  above 
downward  for  about  1  cm.  It  is  then  made  to  pass  deeply  into  the 
left  sulcus,  until  the  anterior  border  of  the  levator  muscle  is  caught 
in  the  depths  of  the  sulcus.  This  maneuver  may  be  facilitated  by 
picking  up  the  border  of  the  levator  muscle  with  a  dissecting  forceps. 
The  needle  is  then  brought  out  of  the  sulcus,  and  is  made  to  catch  up 
some  tissue  at  the  bottom  of  the  wound.  It  is  then  passed  into  the 
right  sulcus  deeply  enough  to  catch  the  anterior  border  of  the  levator 
muscle,  after  which  it  is  passed  through  the  tissues  of  the  right  side 
in  a  manner  corresponding  to  the  left.  When  tied,  this  suture  will 
approximate  the  anterior  borders  of  the  levator  ani  muscle.  This 
procedure  may  be  modified  by  burying  a  catgut  suture  to  approximate 
the  anterior  borders  of  the  levator  ani  muscle,  or  a  silkworm-gut 
suture  may  be  passed  in  the  form  of  an  8.     The  next  silkworm-gut 
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suture  is  introduced  at  the  plane  of  the  hymen  to  approximate  the 
torn  deep  pelvic  fascia.  One  or  two  deep  sutures  suffice  to  approxi- 
mate the  wound  in  the  skin  perineum.  Silk  is  usually  used  for  this 
purpose,  as  these  external  sutures  are  usually  removed  at  the  end 
of  a  week,  whereas  the  internal  ones  remain  for  two  weeks.  If  super- 
ficial sutures  are  needed,  they  should  be  of  light  weight  (No.  1  or  No.  2) 
catgut." 

Cleavage  and  Resection  Operations  with  Individual  Suture  of  the 
Levator  Ani  Muscles. — Coincident  with  a  true  appreciation  of  the 
pathology  of  these  abnormalities,  surgeons  everywhere  are  beginning 
to  recognize  the  advisability  of  operating  upon  the  faulty  structures 
in  such  a  way  as  to  effect  direct  exposure  and  individual  suture  of 
the  levator  ani  muscles,  with  separate  closure  of  the  overlying  muco- 
cutaneous structures,  as  is  now  generally  done  in  approximating  the 
torn  sphincter  ends  in  operations  for  complete  tears  of  the  perineum, 
and  as  practised  for  the  closure  of  hernias  in  other  portions  of  the 
body. 

With  the  restoration  of  the  anatomic  and  physiologic  integrity 
of  the  anterior  segment  of  the  pelvic  floor  assured,  the  closure  of  the 
remaining  portion  of  the  wound,  of  whatever  type,  resolves  itself  into 
a  mere  matter  of  cosmetics,  in  disposing  of  redundant  tissue  within 
the  vagina  and  of  securing  approximation  of  the  vulvar  structures. 

The  operative  procedure  best  adapted  to  secure  a  proper  cosmetic 
effect  depends  upon  the  proportionate  redundancy  of  tissue  in  the 
vaginal  wall  itself,  and  upon  the  depth  in  a  given  case  of  an  associated 
perineal  laceration.  In  the  absence  of  a  deep  perineal  tear,  and  with 
moderate  prolapse  of  the  vagina,  a  cleavage  or  modified  flap-splitting 
operation  through  the  rectovaginal  septum  without  any  sacrifice  of 
tissue  may  be  indicated,  but  in  cases  with  large  rectocele  or  submucous 
detachment  of  the  vaginal  walls  with  prolapse  (posterior  colpocele), 
removal  or  resection  of  the  excessively  redundant  vaginal  structure 
may  be  done  in  several  ways,  to  be  referred  to  presently.  In  either 
case  an  associated  perineal  tear  of  sufficient  depth  to  involve  the 
transversus  perinei  and  bulbocavernosus  muscles  may  be  corrected 
by  an  extension  of  the  operation  selected  for  the  vagina,  so  as  to 
include  this  structure. 

Montgomery's  Operation. — An  operation  introduced  by  Mont- 
gomery, founded  upon  the  foregoing  observations,  which  is  simple 
in  conception,  easy  of  performance,  and  gives  as  satisfactory  results 
as  any  with  which  I  am  familiar,  has  been  practised  at  the  Jefferson 
Hospital  for  the  past  five  years.  The  technic  in  brief  is  as  follows: 
Fixing  the  structures  in  the  vicinity  of  the  outer  caruncle  of  one  side 
with  toothed  forceps,  the  blade  of  a  sharp-pointed  scissors  is  thrust 
into  the  tissues  on  its  inner  side  and  the  mucocutaneous  junction  of 
the  existing  perineal  border  is  severed  to  the  corresponding  caruncle 
of  the  opposite  side.  Following  this  "base  line  of  incision/ '  the 
rectovaginal  septum  is  split  with  scissors  or  blunt  dissection  with 
the  fingers  to  a  depth  of  an  inch  or  more,  as  may  be  indicated;  the 
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separation  of  the  tissues  is  now  carried  downward  and  outward  on 
both  sides  of  the  vagina  and  rectum  toward  the  pelvic  wall  by  blunt 
dissection  with  fingers  only  (Fig.  133),  in  order  to  expose  the  relaxed 
and  retracted  levator  ani  muscles  and  fascia,  or  until  the  resisting 
intact  muscular  fibers  can  be  felt.  The  vaginal  flap  thus  formed  is  now 
seized  with  forceps  or  tenaculum  and  held  out  of  the  way  by  an  as- 
sistant, while  the  surgeon,  with  a  well-curved  needle  armed  with  cat- 
gut, picks  up  the  outlying  levator  fibers  from  the  depth  of  the  wound 
on  one  side  (Fig.  134),  passes  the  needle  over  the  rectum  and  inter- 
vening perineal  structures,  and  secures  the  corresponding  portion 
of  the  muscle  on  the  opposite  side;  or  the  muscle-fibers  may  be  drawn 
into  view  with  a  hemostat  or  toothed  forceps,  and  transfixed  with 
needle   and   suture.     Upon   withdrawing   the   needle   both   muscular 


Fig.  133. — "  Base-line    Incision"    with   Cleavage  ok  Rectovaginal  Septum  for  Either 
Flap  or  Resection  Operations  on  the  Pelvic  Floor. 

bundles  are  held  in  a  single  loop  of  catgut,  which,  upon  being  tied, 
places  them  into  close  apposition  between  the  vagina  and  rectum. 
One  or  two  additional  sutures  introduced  in  a  like  manner,  one  above 
the  other,  insures  a  wide  and  secure  union  of  muscular  structure.  A 
suture  is  now  passed  transversely  through  the  depth  of  the  vaginal 
flap,  immediately  above  the  sulcus  formed  by  the  separation  of  the 
tissues,  and  well  within  the  raw  area.  This  suture,  when  tied,  draws 
the  tissues  together  and  closes  what  otherwise  would  remain  as  a 
dead  space  upon  the  completion  of  the  operation.  If  a  rectocele 
existed  before  these  maneuvers,  it  is  now  held  back  by  a  strong  mus- 
cular wall,  and  not  partially  incorporated  with  the  perineal  struc- 
tures, as  is  done  in  the  Emmet  operation,  and  its  various  modifica- 
tions.    In  closing  the  superficial  parts,  the  first  suture  is  introduced  at 
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the  upper  angle  of  one  side  of  the  wound,  entering  the  skin  £  to  \  of 
an  inch  from  the  margin  of  the  wound,  passes  along  the  free  raw  edge 
of  the  upturned  vaginal  flap,  not  unlike  the  draw-string  in  the  mouth 
of  a  bag,  the  needle  emerging  at  a  point  on  the  opposite  side  of  the 
vagina  corresponding  with  its  point  of  entry.  This  is  termed  the 
crown  stitch  (Fig.  135),  and  when  tied,  narrows  the  introitus,  and 
protects  the  deeper  parts  from  contamination  with  the  vaginal  dis- 
charges. The  remaining  portion  of  the  wound  is  closed  by  continuous 
or  interrupted  sutures,  using  whatever  suture  material  the  surgeon 
prefers.  In  this  operation  there  is  no  sacrifice  of  tissue  and  a  minimum 
of  tension  along  the  line  of  suture.  With  the  hernial  opening  in  the 
pelvic  floor  closed,  the  slack  in  the  upturned  flap  in  time  retracts  and 
accommodates  itself  to  the  anatomic  necessities  of  the  vaginal  canal. 


Fig.   134. — Montgomery's  Operation. 

Vaginal  flap  turned  up.  Outlying  levator 
muscle  picked  up  with  curved  needle  for  suture 
to  its  fellow  of  the  opposite  side. 


Fig.  135. — Montgomery's  Operation. 
Levator  muscles  sutured  together.     Buried 
suture   through    vaginal    flap    near  bottom  of 
sulcus.     Crown  stitch  along  free  edge  of  vagi- 
nal flap. 


In  dealing  with  cases  associated  with  redundant  vaginal  tissue 
I  myself  prefer  to  do  the  operation  as  follows:  The  crest  of  the  recto- 
cele  is  secured  with  a  tenaculum  forceps  at  a  point  which,  when  lifted 
up,  corresponds  with  the  external  urinary  meatus,  and,  while  thus 
held  by  an  assistant,  the  "base  line  incision"  is  made  as  already 
indicated,  but  in  separating  the  septum,  the  median  dissection  is  not 
carried  up  to  so  high  a  level  in  the  vagina  as  practised  by  Dr.  Mont- 
gomery. Laterally,  the  levators  are  exposed  by  carrying  the  dissec- 
tion well  beneath  the  vaginal  sulci.  An  Emmet  outline  resection 
of  the  vaginal  flap  is  now  done,  being  careful  not  to  remove  too  much 
tissue,  because  here,  as  elsewhere,  in  doing  plastic  work,  it  is  always 
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better  to  err  on  the  side  of  taking  away  too  little  rather  than  too  much. 
The  levators  are  now  united,  as  in  the  Montgomery  procedure  (Fig.  136). 
The  lateral  triangles  are  closed  with  either  continuous  or  interrupted 
catgut  sutures.  A  crown  stitch  is  now  passed  by  transfixing  the  skin 
of  one  of  the  external  angles  of  the  resected  tissues  about  \  inch  from 
the  cut  edge,  the  denuded  crest  of  the  rectocele  just  under  the  tenac- 
ulum forceps,  and  the  opposite  external  angle,  the  needle  emerging 
from  the  skin  at  the  corresponding  point  of  entrance.  The  remaining 
perineal  sutures  are  passed  transversely.  The  sutures  in  the  sulci, 
if  interrupted,  are  tied  as  they  are  introduced,  while  the  crown  stitch 
and  perineal  sutures  are  not  tied  until  all  have  been  introduced.  Care 
should  be  taken  so  to  place  the  sutures  that  dead  spaces  may  be 
avoided. 


Fig.  136. — Emmet  Outline  Resection'. 
Individual  suture  of  levator  ani  muscle. 


Fig.  137. — Tait'r  Line  ok  Incision  for  Re- 
laxed or  Lacerated  Pelvic  Floor. 


Tait's  Flap-splitting  Operation. — The  index-  and  middle-fingers 
of  one  hand  are  introduced  into  the  rectum.  One  blade  of  a  sharp- 
pointed  scissors  curved  on  the  edge  is  now  thrust  into  the  tissues, 
midway  between  the  anus  and  the  existing  vulvar  margin  of  the  peri- 
neum, splitting  the  rectovaginal  septum  to  the  depth  of  a  half-inch 
or  more.  It  is  next  pushed  up  on  either  side  in  a  curved  line,  ending 
at  the  anterior  edge  of  each  labium  majus,  at  points  on  a  line  with  the 
upper  and  outer  caruncles  (Fig.  137).  Bloody  oozing  is  usually  con- 
trolled by  the  sutures,  but  spurting  vessels  should  be  ligated  with 
catgut.     The  vaginal  flap  is  held  upward  with  tenaculum  or  forceps. 


442     SURGERY  OP  THE  FEMALE  GENITOURINARY  ORGANS. 

Sutures  of  silkworm-gut  a  half-inch  apart  are  now  introduced  trans- 
versely with  a  Reverdin  needle.  The  needle  is  introduced  about 
{  inch  from  the  cut  edge  of  one  side,  passes  underneath  the  raw  surface, 
and  emerges  through  the  skin  on  a  level  with  the  corresponding  point 
of  entrance.  A  few  intermediate  sutures  of  catgut,  and  one  or  two 
to  fix  the  free  edge  of  the  vaginal  flap,  may  be  necessary.  This 
operation  is  easily  and  quickly  performed,  and  if  properly  done  in 
moderate  relaxations  of  the  pelvic  floor  without  rectocele  or  colpocele, 
gives  fairly  good  results. 

Anterior  Colpocele;  Cystocele. — Relaxations  of  the  anterior 
vaginal  wall  are  almost  invariably  associated  with  lacerations  or 
relaxations  of  the  pelvic  floor.  The  condition  may  be  a  part  of  a 
general  ptosis  of  the  pelvic  structures,  more  especially  prolapse  of  the 
uterus.  Subinvolution  of  the  tissues,  depending  upon  lacerations 
and  other  disordered  conditions  of  the  cervix,  frequently  is  a  causative 
factor.  General  debility  and  senile  atrophy  may  result  in  prolapse 
of  the  vesicovaginal  septum,  with  consequent  cystocele,  in  the  absence 
even  of  other  local  lesions.  In  cases  of  lacerations  of  the  pelvic  floor 
of  moderate  degree  the  relaxed  tissues  may  regain  their  muscular 
tone  and  the  abnormality  disappear  upon  restoring  the  anatomic 
integrity  of  the  levator  muscles.  Usually,  however,  an  operation 
upon  the  faulty  structure  itself  becomes  necessary. 

The  operative  procedure  adapted  to  the  correction  of  an  anterior 
colpocele,  which,  as  already  pointed  out,  is  merely  a  prolapse  of  the 
anterior  vaginal  wall  without  involvement  of  the  vesical  base,  is  only 
partially  applicable  to  the  treatment  of  pronounced  cases  of  cystocele 
in  which  the  prolapsus  involves  the  entire  thickness  of  the  septum. 
In  the  former,  a  resection  of  the  prolapsed  vaginal  wall  with  suture 
generally  corrects  the  abnormality,  but  to  remedy  the  latter  requires 
detachment  of  the  base  of  the  bladder  from  the  vaginal  and  cervical 
structures,  with  their  transposition  to  a  higher  level,  and  the  formation 
of  a  new  base  of  attachment,  with  or  without  a  resection  of  the  vaginal 
tissues,  The  differentiation  of  these  two  conditions  in  all  cases  before 
operation  is  not  always  possible,  nor  is  this  necessary,  because  upon 
separating  or  splitting  the  vesicovaginal  septum  (the  first  step  in 
operating  for  either  condition)  the  true  state  of  the  tissues  is  at  once 
discovered,  and  the  operator  is  then  governed  accordingly. 

The  operation  for  the  correction  of  either  condition  is  usually 
designated  as  an  anterior  colporrhaphy. 

Anterior  Colporrhaphy. — The  operation  is  performed  with  the 
patient  in  the  dorsal  position.  The  anterior  vaginal  wall  is  fixed  with 
two  tenacula  forceps:  one  held  by  an  assistant  catches  the  tissues  a 
half-inch  below  the  urinary  meatus,  and  the  other  at  its  reflection  on 
to  the  cervix,  a  variable  distance  from  the  external  os.  The  latter 
likewise  serves  as  a  tractor  by  its  own  weight,  and  should,  therefore, 
be  of  the  heavier  type  of  instruments.  A  straight  incision  is  now 
made  from  one  tenaculum  forceps  to  the  other,  through  the  entire 
thickness  of  the  vaginal  wall,  down  to  the  connective-tissue  layer 
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between  it  and  the  base  of  the  bladder.  A  better  plan  in  some  cases 
is  to  pick  up  a  transverse  fold  at  the  summit  of  the  vaginal  protrusion 
and  cut  this  across  with  knife  or  scissors;  the  cellular  layer  is  thus 
reached  by  a  single  stroke  of  the  instrument,  and  with  the  least 
possible  danger  of  wounding  the  bladder.  The  incision  can  then  be 
extended  to  both  tenacula  forceps  with  the  scissors.  The  bladder 
and  the  vaginal  wall  are  now  separated  to  the  extent  indicated  by 
the  size  of  the  vaginal  protrusion,  upon  either  side  of  the  incision,  by 
blunt  dissection  or  cleavage  with  the  fingers,  nicking  here  and  there 
resisting  bands  with  knife  or  scissors. 

In  cases  of  colpocele  the  cellular  layer  will  be  well  developed, 
while  the  base  of  the  bladder  retains  its  normal  position.  The  closer 
the  association  of  the  bladder  with  the  vaginal  wall,  or  rather  the 
thinner  the  intervening  connective  tissue,  the  more  the  protrusion 
partakes  of  the  characteristics  of  a  cystocele.  Both  conditions  may 
coexist.  The  vaginal  walls  in  cases  of  colpocele  are  usually  more 
hypertrophied  and  rugose  than  in  patients  with  cystocele. 

If  the  condition  proves  to  be  a  colpocele,  an  oval  resection  of  the 
vaginal  flaps  is  done  from  above  downward,  being  careful  not  to 
remove  an  excess  of  structure,  resulting  subsequently  in  undue  tension 
along  the  line  of  suture.  In  order  to  give  the  vesical  base  additional 
support  and  minimize  tension  at  the  surface,  a  buried  suture  of  chromic 
catgut  may  be  used  to  unite  the  deeper  portions  of  the  wound,  or  this 
may  be  accomplished  by  the  introduction  of  a  few  mattress  sutures 
through  the  base  of  the  vaginal  flaps.  Superficially,  the  wound  may 
be  closed  by  either  interrupted  or  continuous  sutures  of  chromic  catgut 
so  placed  as  to  prevent  dead  spaces. 

If  the  condition  proves  to  be  a  cystocele,  the  vaginal  flaps  are  held 
apart  with  hemostats,  and  the  prolapsed  vesical  base  is  now  well 
freed  from  the  vagina  and  cervix  by  blunt  dissection  or  cleavage  with 
fingers  and  scissors  along  the  line  of  its  connective-tissue  attachments 
to  these  structures  (Fig.  137).  The  dissection  may  be  carried  up  to 
the  vesico-uterine  peritoneal  reflection.  The  risk  of  wounding  the 
bladder  during  these  manipulations  is  slight.  The  vaginal  flaps  are 
resected  to  the  extent  indicated  for  securing  a  properly  retracted 
condition  of  the  tissues,  the  broader  portion  of  the  resection  being 
toward  the  cervix.  The  bladder-wall  itself  is  now  retracted  by  a 
purse-string  suture  of  catgut.  Approximation  of  the  deeper  tissues 
forming  the  vaginal  flaps  may  be  done  with  a  buried  suture  of  catgut, 
as  already  indicated.  The  vaginal  wound  should  be  closed  from  the 
cervix  upward  either  with  continuous  or  interrupted  sutures;  and  in 
accordance  with  the  original  size  of  the  cystocele  and  the  remaining 
tendency  to  prolapse  of  the  pelvic  structures  in  general  should  the 
vagina  be  attached  to  a  higher  level  on  the  cervix.  The  vaginal 
roof  in  some  cases  is  thus  lifted  to  the  level  of  the  internal  os.  This 
necessarily  forms  a  more  elevated  base  of  support  for  the  bladder, 
and  lessens  the  tendency  to  prolapse. 

Instead  of  resecting  the  vaginal  flaps,  these   may  be  retained,  and, 
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after  separating  and  elevating  the  bladder,  may  be  united  by  approxi- 
mating their  raw  surfaces  from  base  to  cut  edge  with  buried  sutures  of 
catgut,  at  the  same  time  attaching  the  deeper  vaginal  tissues  to  the 
cervix  as  high  up  as  may  be  desired.  A  superficial  continuous  suture 
of  chromic  catgut  completes  the  operation.  This  leaves,  as  held  by 
some,  a  thick  column  of  vaginal  structure  as  a  means  of  additional 
support.  The  resection  procedure,  however,  is  the  operation  usually 
preferred. 


Fig.  138. — Operation  for  Cystocele. 
Detachment  of  bladder  by  blunt  dissection  with  finger.     First  step  in  Wertheim-Watkins  operation. 

Hemorrhage  during  the  performance  of  the  operation  is  controlled 
with  hemostats  and  the  subsequent  suturing.  Occasionally,  a  vessel 
must  be  ligated.  The  after-treatment  is  the  same  as  for  all  plastic 
operations  on  the  vagina. 

Wertheim-Watkins  Operation  for  Cystocele  and  Uterine  Pro- 
lapse.— Wertheim  and  Thomas  J.  Watkins,  working  independently  of 
each  other,  but  directing  their  efforts  toward  the  accomplishment  of  prac- 
tically the  same  ends,  introduced  and  developed  an  operative  proce- 
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dure  for  the  cure  of  extensive  cystocele,  especially  in  women  who  have 
passed  the  menopause,  that  is  almost  ideal.  After  separating  the 
anterior  vaginal  wall  from  the  cervix  by  a  semilunar  incision,  the 
vesicovaginal  septum  is  incised  and  £plit,  and  the  bladder  is  detached 
from  the  vagina  and  uterus,  as  described  for  anterior  colporrhaphy 
(Fig.  138).  The  uterovesical  fold  of  peritoneum  is  now  broken  through 
or  incised  with  scissors,  and  the  opening  enlarged  sufficiently  to 
deliver  the  body  of  the  uterus.  This  may  be  done  with  the  fingers 
or  by  traction  on  the  fundus  with  a  tenaculum  forceps.     The  vesical 


Fig.  139. — Wertheim-Watkin*  Operation  for  Cyhtocele. 

Uterine  body  delivered  through  uterovesical  peritoneal  fold.     Vesical  peritoneal  edge  sutured  to 

uterus.     Sutures  placed  for  fixation  of  uterus  to  anterior  vaginal  wall. 


peritoneal  edge  may  be  sutured  to  the  corresponding  surface  on  the 
posterior  wall  of  the  uterus,  thus  closing  the  peritoneal  opening. 
A  suture  is  now  passed  through  the  vaginal  flap  below  the  urethra, 
through  the  body  of  the  uterus  posterior  to  the  fundus,  and  out 
through  the  opposite  vaginal  flap,  the  needle  emerging  at  the  cor- 
responding point  of  entry  (Fig.  139).  In  placing  this  suture  Wat  kins 
directs  that  care  must  be  exercised  not  to  draw  it  down  so  firmly 
that  it  may  obstruct  the  urethra  by  pressure.  A  second  suture  is 
placed  parallel  to  the  first,  as  shown  in  the  illustration.     After  these 
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sutures  are  tied,  the  remaining  portion  of  the  vaginal  flaps  is  drawn 
over  the  uterine  body  and  the  wound  is  closed  by  either  continuous 
or  interrupted  sutures. 

Upon  the  completion  of  the  operation  the  bladder  is  supported  by 
the  posterior  uterine  wall.     The  broad  ligaments  are  shortened  by 


Fig.  140. — Wertheim-Watkins  Operation  for  Cystocele  Completed. 

the  forward  tilt  of  the  uterus,  so  that  the  organ  is  elevated,  with  the 
additional  advantage  of  a  changed  transverse  inclination  of  about 
180  degrees,  thus  placing  the  cervix  high  up  in  the  vaginal  vault, 
at  an  acute  angle  with  the  vaginal  canal  (Fig.  140). 

FISTULAS. 

Fistulas  peculiar  to  the  female  are  openings  between  the  urinary 
or  the  intestinal  tract  and  some  part  of  the  genital  canal. 

Urinary  Fistulas. — Classification. — According  to  their  anatomic 
location  in  the  urinary  tract,  the  classification  is  as  follows: 


Urethra: 


Urethrovaginal 


\ 


\ 


< 


Urethrovesicovaginal. 


Bladder: 

Vesicovaginal 

Vesico-uterine 

Vesicouterovaginal  ^>Vesico-ureterovaginal. 
Ureter:  / 

Ureterovaginal     ' 

Uretero-uterine. 


,\i 
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Etiology. — Owing  to  improvements  in  midwifery  and  the  more 
frequent  use  of  the  forceps,  urinary  fistulas  the  result  of  pressure 
necrosis  following  labor  are  becoming  comparatively  rare,  and  to-day 
more  of  these  preternatural  tracts  result  from  gynecologic  operations 
than  from  any  other  cause. 

The  relative  frequency  of  fistulas  with  reference  to  different  parts 
of  the  urinary  tract  has  likewise  changed  places.  Whereas  formerly 
the  bladder  was  the  usual  seat  of  the  trouble,  the  extension  of  gyne- 
cologic procedures  involving  the  removal  of  the  uterus  have  resulted 
in  a  gradually  increasing  number  of  ureterovaginal  fistulas,  so  that 
this  special  variety  is  now  far  more  frequently  met  with  than  ever 
before,  and  occurs  oftener  than  any  other  form  of  urinary  fistulas. 

Owing  to  the  anatomic  conformation  of  the  parts,  urinary  fistulas 
involving  the  uterus  can  take  place  only  through  the  cervix.  Vesico- 
uterine fistulas  usually  follow  obstetric  operations  that  result  in  a  tear 
of  the  cervix  extending  into  the  bladder,  with  subsequent  union  of 
the  cervix  below  a  persistent  fistulous  tract,  between  it  and  the  blad- 
der. Vesicouterovaginal  fistula,  located  at  the  anterior  cervico- 
vaginal  junction,  usually  results  from  the  same  cause  as  the  foregoing, 
or  from  pressure  necrosis  with  destruction  of  the  anterior  cervical 
lip.     Uretero-uterine  fistulas  may  be  regarded  as  a  surgical  curiosity. 

Other  causes  are  foreign  bodies  either  in.  the  vagina  or  bladder, 
ulcerating  through  the  vesicovaginal  septum,  perforations  incident 
to  malignant,  tuberculous,  or  syphilitic  affections,  burrowing  abscesses, 
and  very  rarely  gangrenous  processes  the  result  of  some  debilitating 
febrile  disease,  e.  g.,  typhoid  fever.  An  opening  into  the  bladder 
also  may  be  made  purposely  for  removing  a  growth  or  foreign  body 
or  for  treating  a  cystitis. 

Course  and  Symptoms. — A  fistula  resulting  from  an  accidental 
traumatism,  the  use  of  obstetric  instruments,  or  following  a  gyne- 
cologic operation  is  followed  by  an  immediate  discharge  of  urine  through 
the  vagina.  In  cases  of  pressure  necrosis  following  a  protracted 
labor  the  separation  of  the  slough  requires  from  four  to  ten  days, 
so  that  the  escape  of  urine  does  not  occur  until  several  days  after 
delivery.  An  ulcerative  perforation  involving  the  vesicovaginal 
septum  resulting  from  cancerous  or  tuberculous  disease  usually  in- 
dicates an  advanced  stage  of  the  morbid  process,  is  incurable,  and  will 
not  be  considered  further. 

The  course  of  urinary  fistulas  is  toward  ultimate  closure,  either 
primarily  or  by  granulation  and  cicatrization.  Clean-cut  fistulas 
and  even  small  fistulas,  the  result  of  necrosis  involving  the  bladder 
or  urethra,  in  some  cases  close  spontaneously.  In  all  other  cases 
contraction  of  the  fistulous  tract  occurs,  so  that  upon  the  completion 
of  the  cicatricial  process  the  opening  may  be  reduced  to  one-half  or 
less  of  its  original  size. 

A  ureteral  fistula  resulting  from  a  complete  division  of  that  tubular 
canal  never  closes  spontaneously,  but  a  lateral  opening  in  a  ureter, 
whether  clean  cut,  of  inflammatory  origin,  or  the  result  of  pressure 
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necrosis,  usually  closes  if  given  sufficient  time.  In  a  case  of  my  own 
urinary  leakage  followed  a  hysterectomy  with  the  Downes  electro- 
thermic  angeiotribe.  The  urinary  discharge,  which  was  found  to 
equal  in  quantity  that  passed  naturally,  indicated  the  existence  of  a 
ureteral  fistula.  The  urinary  dribbling  continued  for  seven  weeks, 
then  gradually  lessened,  and  finally  ceased.  Dr.  Montgomery  had 
a  similar  experience  after  a  hysterectomy.  The  leakage  in  his  case 
continued  five  weeks.  A  differential  diagnosis  between  a  lateral 
defect  and  complete  division  of  a  ureter  can  be  made  only  by  giving 
the  fistula  the  test  of  time.  If  it  fails  to  cicatrize  within  ten  or  twelve 
weeks,  a  complete  division  of  the  ureter  may  be  taken  for  granted. 

In  cases  of  urinary  fistula  constant  or  irregular  urinary  discharge 
from  the  vagina  is  the  most  prominent  symptom.  Cystitis  due  to 
infection  is  a  frequent  complication,  and  occasionally  the  ureters  and 
kidneys  become  involved.  The  infected  bladder  renders  the  urine 
alkaline,  ammoniacal,  and  irritating,  causing  excoriations  and  abra- 
sions, with  resulting  vaginitis  and  vulvitis.  The  vagina,  especially 
at  the  site  of  the  fistulous  opening,  becomes  the  seat  of  fetid  phosphatic 
deposits.  In  time  the  patient's  general  health  fails  from  loss  of 
appetite,  rest,  and  sleep;  she  becomes  pale,  emaciated,  and  in  some 
cases  cachectic.  Patients  with  fistulas  always  have  a  disagreeable 
urinous  odor. 

Diagnosis. — Locally  the  conditions  present  are  determined  by 
touch,  sight,  and  the  use  of  instruments. 

In  urethrovaginal  fistulas  the  urine  is  retained  until  it  is  dis- 
charged voluntarily.  But  with  an  intact  pelvic  floor  or  in  the  presence 
of  obstructing  cicatricial  bands  some  of  the  urine  may  find  its  way  to 
the  upper  portion  of  the  vagina  during  micturition,  and  subsequently 
be  discharged  involuntarily  in  gushes  at  intervals.  This  may  arouse 
a  suspicion  of  the  existence  of  a  ureteral  or  vesical  fistula.  The 
proper  exercise  of  touch  and  sight,  aided  by  a  Sims  speculum  and  a 
probe,  with  the  patient  in  the  Sims  position,  usually  clears  up  the 
diagnosis.  In  cases  with  a  small  fistulous  opening  at  some  distance 
from  the  meatus,  if  other  means  fail,  the  diagnosis  may  be  made  by 
exclusion  by  using  tests  for  the  discovery  of  vesical  and  ureteral 
fistula. 

Vesical  and  Ureteral  Fistulas. — If  the  parts  are  accessible,  a 
large  vesical  fistula  is  easily  recognized  by  touch  or  sight,  aided,  in 
some  cases,  by  the  use  of  a  sound  introduced  through  the  urethra,  and 
brought  out  through  the  fistulous  opening,  where  it  may  be  seen  or 
felt  with  the  finger.  Placing  the  patient  in  the  knee-chest  position, 
and  retracting  the  posterior  vaginal  wall  with  a  Sims  speculum,  may 
bring  an  otherwise  imperceptible  fistula  into  view.  In  all  cases  of 
vesical  fistulas,  and  especially  if  so  situated  as  to  permit  an  accumula- 
tion of  urine  in  the  bladder  to  be  voided  voluntarily,  with  a  coincident 
involuntary  urinary  discharge  more  or  less  continuous  from  the 
vagina,  and  in  which  the  existence  of  a  ureteral  fistula  may  be  sus- 
pected, the  diagnosis  can  be  established  with  certainty  by  injecting 
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milk  or  an  anilin  solution  into  the  bladder,  when  this  may  be  seen 
issuing  from  the  fistulous  opening  or  from  the  vagina.  If  the  fistula 
is  very  small,  by  first  drying  the  vagina  and  then  placing  a  piece  of 
gauze  or  blotting-paper  in  the  canal,  the  fluid  injected  into  the  bladder 
will  discolor  the  material  in  the  vagina  at  the  site  of  the  fistula.  If 
the  colored  fluid  in  either  case  fails  to  appear  as  indicated,  the  fistula 
is  ureteral  and  not  vesical. 

These  diagnostic  tests  are  likewise  applicable  in  differentiating 
between  a  vesico-uterine  and  a  uretero-uterine  fistula.  The  diagnosis 
of  a  ureterovesicovaginal  fistula  is  based  solely  upon  the  discovery 
of  the  ureteral  orifice  in  the  margin  of  the  fistulous  opening  between 
the  bladder  and  vagina. 

Treatment. — In  recent  cases  douches  of  boric-acid  solution  three  or 
four  times  daily,  keeping  the  urine  well  diluted  and  slightly  acid,  to 
prevent  the  formation  of  phosphatic  deposits,  are  indicated.  By 
observing  these  precautions  a  certain  proportion  of  small  fistulas, 
after  two  or  three  months,  may  close  spontaneously,  while  those  of 
a  larger  caliber  become  greatly  diminished  in  size  and  are  placed  in 
the  best  possible  condition  for  operation. 

In  chronic  cases  fistulas  of  very  small  caliber  have  closed  after 
repeated  cauterizations,  using  either  the  thermocautery  or  galvano- 
cautery.  Nitrate  of  silver  and  nitric  acid  have  been  used  for  the 
same  purpose.  This  treatment  at  best,  however,  is  uncertain,  and 
operative  measures  to  cure  the  condition  usually  become  necessary. 
The  operative  treatment  consists  in — (1)  The  preparation  of  the 
patient;  (2)  the  operation;  (3)  after-treatment. 

Preparatory  Treatment. — In  some  cases  but  little  preparatory 
treatment,  if  any,  is  necessary;  in  others  it  may  take  two  or  more 
weeks  to  put  the  parts  in  condition  for  operation. 

Phosphatic  incrustations  may  be  removed  mechanically  by  sitz- 
baths  and  by  douches  with  boric-acid  solutions,  and  resulting  raw 
surfaces  should  be  painted  with  a  solution  of  silver  nitrate  (10  grains 
to  the  ounce)  once  or  twice  weekly  until  healed.  Reaccumulations 
of  urinary  salts  should  be  prevented  as  already  indicated.  Cystitis, 
if  present,  must  be  corrected  before  an  operation  is  attempted  by 
keeping  the  urine  slightly  acid  and  well  diluted,  and  by  irrigating  the 
bladder  with  boric-acid  solution  several  times  daily.  Ordinary 
mutton-suet  applied  to  the  external  parts  is  the  best  protective  against 
excoriating  influences  of  the  urinary  discharge,  as  well  as  for  relieving 
existing  abrasions  and  inflammation. 

With  improvements  in  operative  methods  the  painful  and  annoying 
practice  of  a  long  course  of  treatment  in  stretching,  dividing,  and 
restretching  adhesions  and  cicatricial  contractures  by  incisions,  the 
use  of  colpeurynters,  and  other  forms  of  vaginal  dilators  has  to  a 
large  extent  been  abandoned. 

The  Operation. — The  preparation  of  the  patient  and  the  necessary 
preliminaries  immediately  preceding  the  operation,  including  the 
selection  of  instruments  and  suture  materials,  are  about  the  same  as 
vol.  v— 29 
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indicated  for  operations  on  the  pelvic  floor  and  perineum.  (See 
pp.  426  et  seq.) 

Denudation  Operation  for  the  Cure  of  Vesicovaginal  Fistula. — The 

classic  operation  for  the  closure  of  a  vesicovaginal  fistula  of  moderate 
size,  as  introduced  by  Sims  and  improved  and  popularized  by  Simon 
and  Emmet,  is  performed  as  follows:  The  patient  may  be  placed  in 
the  Sims  or  the  dorsal  position.  If  the  dorsal  position  is  selected, 
a  self-retained  speculum  or  retractors  are  used,  as  may  be  indicated. 
The  cervix  is  seized  with  a  tenaculum  forceps  and  pulled  down  to  the 
entrance  of  the  vagina.  The  proposed  limit  of  the  denudation  sur- 
rounding the  fistula  may  now  be  outlined  with  a  knife.  Picking  up 
the  tissue  with  a  toothed  forceps,  it  is  removed  all  around  the  fistula 
with  knife  or  scissors,  in  one  strip,  if  possible,  avoiding  the  error  of 
simply  making  a  superficial  denudation,  but  extending  down  to  but 
not  including  the  vesical  mucous  membrane.  If  the  denuded  surface 
does  not  appear  broad  enough  to  secure  good  coaptation,  a  second 
strip  is  removed.  The  width  of  the  denudation  may  vary  from  a 
quarter  to  a  half  inch,  in  accordance  with  the  condition  of  the  tissues 
and  the  tension  necessary  to  close  the  opening. 

Small  curved  needles  armed  with  carriers  are  used  for  the  intro- 
duction of  sutures,  which  may  consist  of  silver  wire  or  silkworm-gut. 
In  passing  the  sutures,  approximation  of  the  pared  edges  should  be 
effected  in  the  direction  of  least  resistance;  the  needle  penetrating  the 
tissues  about  a  quarter  of  an  inch  from  the  edge  of  the  denuded 
surface  should  be  passed  deeply  to  but  not  through  the  vesical  mucosa, 
making  its  exit  opposite  the  corresponding  point  of  entry.  Usually 
five  sutures  for  each  inch  of  approximation  are  necessary.  None  of 
the  sutures  should  be  tied  until  all  have  been  introduced,  and  in  doing 
so  the  tissues  should  be  firmly  approximated,  but  not  constricted. 
The  bladder  is  now  washed  out  for  the  purpose  of  removing  small 
clots  and  to  test  the  line  of  union.  The  vagina  is  lightly  packed  with 
iodoform  gauze,  to  be  retained  two  days. 

The  danger  of  constricting  a  ureter  in  all  these  operations  for 
fistula  must  be  constantly  borne  in  mind.  If  a  fistula  is  located  where 
a  ureter  might  be,  or  the  close  proximity  of  one  is  suspected,  the 
sutures  should  not  be  passed  so  deeply  as  to  endanger  its  constriction. 
If  the  orifice  of  a  ureter  is  associated  with  a  vesicovaginal  opening, 
the  cloaca  common  to  both  is  then  denominated  a  ureterovesicovaginal 
fistula,  and  should  be  treated  accordingly.  Constriction  of  a  ureter 
is  signalized  by  acute  pain  referred  to  the  kidney,  nausea  and  vomiting, 
and  diminished  urinary  discharge.  Immediate  removal  of  the  sutures 
is  indicated. 

Hemorrhage  into  the  bladder  is  another  serious  complication 
following  fistula  operations.  The  bladder  may  become  so  distended 
with  clot  as  to  imperil  the  operative  field,  and  fatal  results  from  this 
accident  have  been  reported.  In  some  cases  the  sutures  must  be 
removed  to  secure  the  bleeding  point. 

After-treatment. — Continuous  vesical  drainage  with  a  soft-rubber 
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catheter  is  necessary  for  at  least  four  days.  After  the  removal  of  the 
instrument  the  bladder  should  be  catheterized  every  four  hours  for  a 
week.  Beginning  on  the  third  day,  vaginal  douches  with  a  saturated 
solution  of  boric  acid  should  be  given  twice  daily  for  two  or  three  weeks. 
The  bowels  should  be  moved  daily.  The  sutures  should  be  removed 
in  fourteen  days. 

Mobilization  Operations  for  the  Cure  of  Vesicovaginal  Fistu- 
las.— The  value  of  the  principle  underlying  the  flap-splitting  and  cleav- 
age procedures  on  the  perineum  and  pelvic  floor,  and  its  extension  to  the 
anterior  vaginal  wall  for  the  correction  of  colpocele  and  cystocele, 
have  led  to  its  adoption  as  an  essential  element  in  operations  for  the 
cure  of  vesicovaginal  fistulas.     The  practical  application  of  this  prin- 


Fio.  141. — Vesicovaginal  Fistula. 
Flap-splitting  operation.     Closure  of  fistula 
with  buried  continuous  suture  of  catgut   with- 
out penetration  of  vesical  mucous  membrane. 


Fig.  142. — Fistula  Closed. 

Approximation  of  vaginal  flap  with  continuous 

suture  of  catgut. 


ciple  in  its  various  forms  has  brought  the  closure  of  otherwise  intract- 
able fistulas  of  all  grades,  forms,  and  sizes,  within  the  range  of  cura- 
bility, and  has  well-nigh  relegated  the  pioneer  work  of  Sims, 
Simon,  and  Emmet,  and  the  numerous  complex  modifications  of  their 
denudation  methods,  to  the  rear  in  the  evolutionary  development  of 
these  operative  procedures.  Separation  of  the  bladder  from  the  vagina 
and  uterus,  as  first  proposed  and  practised  by  A.  Mackenrodt  in  1894 
embodies  this  principle.  He  thus  secured  the  necessary  laxity  of 
vesical  structure  in  the  immediate  vicinity  of  the  fistula,  together 
with  the  free  mobility  of  the  vesical  base,  to  effect  the  firm  closure  of  a 
fistulous  tract  of  almost  any  size,  without  incurring  the  risk  of  failure 
from  undue  tension  along  the  line  of  suture.     In  this  connection  it  is 
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but  just  to  add  that  all  the  recent  contributions  bearing  upon  this 
subject  present  nothing  more  than  minor  modifications  of  Macken- 
rodt's  operation,  adapted  to  individual  cases,  and  have  but  little  to 
do  with  the  success  of  the  procedure  in  general. 

Figs.  141  and  142  (p.  451)  illustrate  a  flap-splitting  procedure 
for  mobilizing  the  vesical  wall  in  the  case  of  a  fistula  of  moderate  size, 
with  individual  suture  of  the  vesical  and  vaginal  flaps  with  catgut, 
care  being  taken  not  to  penetrate  the  vesical  mucous  membrane. 
By  turning  to  Fig.  138  (p.  444)  and  to  the  description  of  anterior 
colporrhaphy  (p.  442),  the  technic  involved  in  the  separation  of  the 
bladder  from  the  vagina  and  the  uterus  and  the  possibility  of  its 
application  to  Mackenrodt's  operation  for  vesicovaginal  fistulas  of 
large  size,  may  be  the  better  understood. 

Mackenrodt's  Operation  for  the  Cure  of  Vesicovaginal  Fistulas 
of  Large  Size. — The  anterior  vaginal  wall  is  fixed  with  two  tenacula 
forceps,  one  catching  the  cervix,  and  the  other  the  tissues,  a  half-inch 
below  the  urinary  meatus.  A  straight  incision  is  now  made  from  one 
tenaculum  forceps  to  the  other  (if  considered  necessary),  across  the 
fistula,  down  through  the  entire  thickness  of  the  vaginal  wall  to  the 
connective-tissue  layer  between  it  and  the  bladder.  The  margin  of 
the  fistula  is  split  all  around,  separating  the  vagina  from  the  bladder. 
This  is  extended  well  out  into  the  tissues  and  upward  if  necessary, 
separating  the  uterus  and  bladder  to  the  vesico-uterine  peritoneal 
fold,  either  by  dissection  with  knife  or  scissors  or  by  cleavage.  Free 
mobility  of  the  vesical  wall  is  thus  secured.  The  edges  of  the  opening 
in  the  bladder  are  denuded,  if  necessary,  and  can  now  be  brought 
together  without  tension  with  continuous  or  interrupted  sutures  of 
fine  chromic  catgut,  care  being  taken  not  to  penetrate  the  vesical 
mucous  membrane.  The  vaginal  flaps  are  next  denuded  of  scar 
tissue  and  approximated  with  sutures,  including  the  forward  fixation 
of  the  body  of  the  uterus,  or  the  uterus  may  be  used  as  a  base  for  the 
tissues  at  the  site  of  the  previously  existing  fistula,  and  to  help  close 
a  possible  gap  between  the  vaginal  flaps. 

W.  S.  Stone,  of  New  York,  reports  a  case  of  urethrovesicovaginai 
fistula  that  illustrates  the  wide-spread  application  of  Mackenrodt's 
ideas  (to  whom  he  gives  full  credit)  in  the  evolution  of  all  the  recent 
operative  procedures  adapted  to  individual  cases.  The  patient, 
twenty-four  years  old,  had  sustained  obstetric  injuries  of  a  grave 
character  six  weeks  prior  to  the  operation.  A  complete  laceration 
of  the  perineum  was  so  surrounded  by  cicatrices  that  the  vaginal 
entrance  was  markedly  contracted,  making  it  exceedingly  difficult 
to  inspect  its  upper  part.  The  cicatricial  tissue  extended  into  the 
vagina  in  different  directions.  The  urethra  was  laid  open  its  entire 
length,  except  for  a  small  collar  at  the  meatus.  Continuous  with 
this  opening  in  the  urethra  was  one  which  included  practically  the 
entire  septum,  between  the  vagina  and  bladder.  It  was  so  large  that 
the  bladder  prolapsed  through  the  opening;  its  mucosa  was  uniformly 
and  intensely  congested.     The  margin  of  the  opening  was  inverted 
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and  adherent  to  the  vaginal  wall,  especially  as  the  upper  border  made 
it  overlap  the  anterior  surface  of  the  cervix.  With  the  patient  in  the 
Sims'  position,  incisions  were  first  made  in  the  posterior  sulci  of  the 
lower  part  of  the  vagina,  in  order  effectively  to  expose  the  field  of 
operation.  The  cervix  was  then  grasped  with  the  Vulsellum  and 
pulled  down  as  far  as  possible.  The  inverted  and  adherent  vesical 
mucosa  was  dissected  away  from  the  cervix,  and  by  making  a  trans- 
verse incision  anterior  to  the  cervix,  as  in  the  performance  of  hysterec- 
tomy, the  upper  part  of  the  bladder  was  freed  as  far  as  the  peritoneal 
juncture.  By  means  of  blunt  dissection  at  the  sides  the  entire  upper 
portion  of  the  bladder  was  thus  freed,  and  by  gradually  working 
downward,  the  lower  part  was  also  separated  from  the  edges  of  the 
fistula,  care  being  taken  not  to  injure  the  ureters,  the  openings  of 
which  could  be  readily  seen.  The  upper  and  more  movable  part  of 
the  wall  of  the  bladder  was  thei*  brought  down  and  sutured  with 
interrupted  chromic  gut  sutures  to  the  lower  and  more  fixed  portion, 
the  line  of  suture  running  mostly  in  a  transverse  direction,  and  effec- 
tually closing  the  bladder.  The  vaginal  edges,  although  more  movable 
than  before  the  dissection,  could  not  be  brought  into  apposition 
without  tension,  but  by  bringing  down  the  uterus  which  had  been 
made  movable  by  the  dissection  and  suturing  the  vaginal  edges  to 
the  sides  and  end  of  the  cervix,  the  opening  was  closed  without  ten- 
sion. The  urethral  mucosa  was  so  thin  and  friable  that  no  attempt 
was  made  to  free  it  at  the  torn  edge,  but  by  an  incision  on  either  side 
through  the  vaginal  wall,  running  parallel  to  and  about  one-half  a 
centimeter  from  its  edge,  a  flap  was  made  which,  with  the  aid  of  a 
more  movable  flap  around  the  bladder,  covered  in  the  urethra  fairly 
well.  Interrupted  sutures  of  black  silk  were  used  in  the  vaginal  wall. 
A  soft-rubber  catheter  was  kept  in  the  bladder  for  three  days,  and 
the  bladder  was  irrigated  once  a  clay  with  a  boric-acid  solution.  The 
entire  portion  over  the  bladder  healed  by  primary  union,  but  a  greater 
part  of  the  urethra  failed  to  unite.  There  was  some  power  of  retention, 
however,  because  the  vesical  neck  was  well  covered.  An  operation, 
two  weeks  later,  in  which  the  dissection  of  the  vaginal  wall  was  more 
extensive,  effectually  closed  in  the  urethra.  One  month  later  the 
perineum  was  repaired,  when  the  function  of  the  bladder  was  normal 
except  for  a  slight  frequency. 

After  narrating  a  second  case,  Stone  presented  the  following 
conclusions:  "1.  The  basic  principle  in  the  repair  of  large  fistulas 
is  an  extensive  separation  of  the  bladder-wall,  especially  of  the  upper 
part  in  front  of  the  cervix,  by  means  of  which  it  is  readily  sutured  to 
the  more  fixed  lower  portion.  2.  The  uterus,  which  has  been  made 
movable  by  the  free  dissection  entailed  in  the  separation  of  the 
bladder  or  by  an  additional  incision  posteriorly  in  some  cases,  is  a 
most  valuable  supplement  in  filling  up  the  opening  in  the  vaginal 
wall.  3.  With  these  principles  applied,  it  is  a  matter  of  little  impor- 
tance what  kind  of  suture  material  is  used,  or  what  relation  the 
vesical  and  vaginal  suture  lines  have  to  each  other." 
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Closure  of  a  Vesico-uterine  Fistula. — Owing  to  the  thickness  of 
the  uterine  wall,  this  variety  of  fistula  has  a  marked  tendency  to  close 
spontaneously.  In  cases  requiring  operation  one  of  four  methods 
may  be  adopted: 

(1)  The  anterior  cervical  lip  is  split  to  the  fistulous  opening,  the 
latter  is  denuded  of  its  scar  tissue,  and  the  entire  wound  is  then  closed 
with  silver  wire  or  silkworm-gut  sutures. 

(2)  A  transverse  incision  is  made  through  the  anterior  vaginal 
fornix,  as  is  done  in  vaginal  hysterectomy;  the  bladder  is  separated 
from  the  cervix  with  knife  or  scissors,  the  dissection  being  carried 
across  and  well  above  the  fistula,  dividing  it  so  as  to  leave  a  vesical 
and  a  uterine  opening.  The  flaccid  condition  of  the  liberated  vesical 
wall  favors  closure  of  the  vesical  opening  with  fine  silver  wire  or  catgut, 
without  tension.  After  paring  its  edges,  the  uterine  opening  is  like- 
wise closed  with  catgut  sutures.  The  operation  is  completed  by 
reuniting  the  vaginal  flap  and  cervix. 

(3)  Ready  access  to  the  fistulous  tract  and  free  mobility  of  the 
vesical  wall  may  be  secured  by  liberating  the  base  of  the  bladder 
from  the  vagina  and  cervix,  as  indicated  under  Mobilization  Opera- 
tions for  the  Cure  of  Vesicovaginal  Fistulas  (p.  451)  and  Mackenrodt's 
Operation  (p.  452). 

(4)  As  a  last  resort  in  otherwise  intractable  cases,  the  fistula  may 
be  reached  and  closed  through  an  abdominal  incision.  The  uterus 
is  drawn  up  with  fixation  forceps,  the  vesico-uterine  fold  of  peritoneum 
is  incised,  and  the  bladder  and  scervix  separated  by  blunt  dissection 
and  with  knife  and  scissors,  passing  through  the  fistula,  thus  forming 
a  vesical  and  a  uterine  opening.  After  securing  an  aseptic  field  free 
from  cicatricial  tissue,  both  fistulous  openings  are  closed  with  catgut 
sutures.  The  vesico-uterine  peritoneum  is  now  reunited  over  the 
field  of  operation,  and  the  abdomen  is  closed.  A  better  plan,  and  one 
adapted  to  the  cure  of  vesico-uterovaginal  fistulas  as  well,  is  to  carry 
the  separation  of  the  structures  between  the  bladder  and  uterus  through 
the  fistula  into  the  vagina.  After  suturing  the  vesical  and  uterine 
openings,  a  strip  of  iodoform  gauze  is  introduced  into  the  vagina 
from  above,  and  packed  between  the  uterus  and  bladder.  The  peri- 
toneum is  now  drawn  over  the  gauze  and  field  of  operation, 
as  previously  indicated,  and  the  abdomen  is  closed.  In  cases  com- 
plicated by  serious  supravaginal  disease  with  fixation  of  structure,  in 
order  to  secure  a  proper  exposure  of  the  vesical  opening  for  successful 
suturing,  a  complete  hysterectomy  may  be  necessary.  After  removing 
the  uterus  and  appendages  and  closing  the  fistula,  gauze  is  lightly 
packed  between  the  bladder  and  the  rectum.  A  running  suture  of 
catgut  unites  the  peritoneum  covering  the  rectum  with  that  of  the 
bladder  and  the  remaining  upper  borders  of  the  broad  ligaments  in 
such  a  manner  as  to  turn  all  stumps  and  raw  surfaces  toward  the 
vagina,  thus  completely  separating  the  field  of  operation  from  the 
peritoneal  cavity.  The  abdomen  is  now  closed.  In  either  case  the 
gauze  packing  is  removed  from  the  vagina  in  four  or  five  days,  after 
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which  a  boric-acid  douche  is  given  twice  daily  for  a  period  of  two  or 
more  weeks. 

Closure  of  a  Vesico-uterovaginal  Fistula. — Fistulas  of  this  variety 
present  great  variations  in  size,  some  barely  admitting  a  uterine 
sound,  while  others  may  involve  not  only  the  cervix,  but  the  greater 
portion  of  the  vesicovaginal  septum  as  well.  A  small  fistula  may 
close  spontaneously,  or  complete  closure  may  follow  repeated  applica- 
tions of  nitrate  of  silver,  but  usually  operative  interference  becomes 
necessary.  Surgically,  a  fistula  of  this  type  may  be  closed  in  one  of 
four  ways: 

(1)  In  the  case  of  a  small  fistula  of  recent  origin  and  without  much 
scar  tissue,  a  funnel-shaped  denudation  at  the  expense  of  the  vaginal 
structure  may  be  made,  followed  by  closure  of  the  wound  with  sutures. 

(2)  The  anterior  cervical  lip  may  be  utilized  to  close  a  compara- 
tively large  fistula  by  denuding  its  edges,  continuous  with  a  corre- 
sponding denudation  of  the  edges  of  the  fistula  on  the  vaginal  side. 
The  raw  surfaces  are  now  approximated  with  sutures  as  usual.  Before 
tying  the  sutures,  to  minimize  tension  along  the  line  of  union  it  may 
become  necessary  to  split  the  cervix  bilaterally  to  secure  elongation 
and  mobility  of  its  anterior  segment.  In  cases  with  extensive  destruc- 
tion of  the  anterior  lip  of  the  cervix,  the  posterior  lip  may  be  denuded 
and  sutured  to  a  vaginal  denudation  of  the  fistula,  thus  turning  the 
cervical  outlet,  with  subsequent  discharges,  from  the  uterine  cavity 
into  the  bladder.  For  obvious  reasons  the  latter  procedure  is  not  to 
be  commended. 

(3)  The  uterus  and  bladder  are  separated  by  a  transverse  incision 
through  the  anterior  vaginal  fornix,  as  indicated  for  vesico-uterine 
fistula.  The  edges  of  the  fistula  are  now  denuded,  the  opening  closed 
with  catgut,  and  the  vaginal  vault  restored  by  reattaching  the  vaginal 
flap  to  the  cervix. 

(4)  See  Closure  of  a  Vesico-uterine  Fistula  (3  and  4,  above). 
Closure  of  a  Ureterovesicovaginal  Fistula. — One  of  several  plans 

may  be  adopted:  (1)  Make  an  oval  denudation,  one-quarter  to  one- 
third  of  an  inch  wide,  around  a  portion  of  undenuded  mucous 
membrane,  the  center  of  which  is  occupied  by  the  fistula.  The  de- 
nuded surfaces  are  now  united  by  sutures,  thus  turning  the  ureteral 
orifice  into  the  bladder.  (2)  Locate  the  ureteral  orifice,  then  split 
the  ureter  on  the  vesical  side  to  the  extent  of  a  half-inch,  allowing  the 
edges  to  heal  separately,  so  as  to  place  the  orifice  further  back  into 
the  bladder.  This  may  likewise  be  accomplished  by  Dudley's  clamp 
operation  (p.  456).  Either  of  these  procedures  eliminates  the  ureteral 
orifice  as  a  complication  of  the  fistulous  opening,  and  reduces  the 
condition  to  a  vesicovaginal  fistula  that  may  be  treated  accordingly 
(p.  449). 

Closure  of  a  Uretero vaginal  Fistula. — The  tedious  and  uncertain 
plan  of  first  dissecting  the  ureter  out  of  the  scar  tissue  and  then  im- 
planting it  into  the  bladder  has  been  superseded  by  more  expedi- 
tious and  better  methods.     It  is  still  generally  held,  however,  that 
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in  operations  for  the  cure  of  this  variety  of  fistula  the  ureteral  opening 
must  first  be  located  so  that  its  communication  with  the  bladder  may 
be  successfully  reestablished.  Most  surgeons  of  the  present  day 
advocate,  as  a  first  step,  a  colpocystotomy  at  or  near  the  ureteral 
opening,  i.  e.,  the  conversion  of  a  ureterovaginal  fistula  into  a  uretero- 
vesicovaginal  fistula,  and  then  treating  the  resulting  condition  as 
though  it  had  existed  originally. 

In  Schede's  operation  the  vesical  fistula  is  made  near  the  ureteral 
orifice,  the  vaginal  and  vesical  mucous  membranes  along  its  edges 
being  united  by  sutures.  A  denudation  is  now  made,  encircling  both 
fistulous  openings,  and  this  is  united  so  that  the  fistulous  tracts, 
surrounded  by  an  island  of  the  vaginal  mucous  membrane,  are  turned 
into  the  bladder. 

Dudley's  clamp  operation  is  especially  adapted  to  cases  where 
the  distance  and  the  amount  of  tissue  between  the  bladder  and  ureter 
are  so  great  that  its  division  with  knife  or  scissors  would  entail  the 
risk  of  uncontrollable  hemorrhage  or  excessive  cicatricial  contraction. 
These  objections  are  met  by  clamping  the  ureter  into  close  contact 
with  the  bladder.  The  operation  is  performed  as  follows:  The 
ureteral  orifice  is  located,  a  colpocystotomy  is  now  done,  so  as  to 
include,  if  possible,  the  ureteral  opening  in  the  incision,  and  thus 
create  a  ureterovesicovaginal  fistula.  In  order  to  control  hemorrhage, 
the  bladder  and  vaginal  mucous  membranes  bordering  the  fistula 
thus  created  are  united  by.  sutures.  A  long  hemostat  with  slender 
blades  is  next  passed  through  the  vesicovaginal  fistula,  one  blade 
entering  the  ureter  and  the  other  the  bladder.  The  forceps,  upon  being 
locked,  includes  the  bladder-wall,  the  ureter  wall,  and  the  intervening 
connective  tissue.  The  hemostat  becomes  detached  by  pressure 
necrosis  in  three  or  four  days,  leaving  a  ureterovesical  opening  at 
some  distance  from  the  existing  vesicovaginal  fistula,  which  is  closed 
later. 

Closure  of  a  Ureterovaginal  Fistula  Following  Hysterectomy. — 
For  obvious  reasons,  locating  a  ureterovaginal  fistula  is  not  an  easy 
task,  as  a  rule,  and  the  search  for  the  ureteral  orifice  may  consume 
more  time  than  the  operation  for  its  closure  after  it  has  been  found. 
In  an  operation  witnessed  recently  for  the  cure  of  a  ureterovaginal 
fistula  following  a  complete  hysterectomy  the  exact  position  of  the 
ureteral  opening  was  neither  located  nor  was  it  even  looked  for. 
That  the  fistula  was  situated  somewhere  in  the  cicatrix  was  taken  for 
granted.  The  operation  was  performed  by  Dr.  E.  E.  Montgomery 
as  follows:  The  scar  was  encircled  by  an  incision  a  half-inch  below 
the  summit  of  the  vaginal  vault.  A  peripheral  flap  following  the  line 
of  this  incision  was  now  dissected  down  about  a  half-inch  in  width. 
Guided  by  a  Pratt's  bougie  introduced  through  the  urethra,  the 
vesical  wall  was  pushed  into  the  raw  surface  bordering  the  undenuded 
central  area  anteriorly,  and  was  then  incised  transversely  to  the 
extent  of  a  half  to  three-quarters  of  an  inch.  The  edge  of  the  anterior 
vesical  flap  was  drawn  into  view  with  a  hemostat.     Chromic  catgut 
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sutures  were  now  introduced  into  the  flap  from  below  upward,  care- 
fully avoiding  penetration  of  the  vesical  mucous  membrane.  These 
same  sutures  were  then  carried  from  above  downward  through  the 
denuded  surface  on  the  posterior  wall  of  the  vagina,  so  that,  when 
tied,  the  vesical  mucous  membrane  was  continuous  with  the  unde- 
nuded  central  area,  thus  making  the  latter,  with  the  ureteral  opening, 
a  part  of  the  interior  of  the  bladder.  Especial  care  was  exercised  in 
closing  the  angles  of  the  opening.  After  testing  the  line  of  suture  by 
vesical  distention  with  sterile  salt  solution,  the  vaginal  flaps  were 
united  transversely  with  a  continuous  chromic  catgut  suture.  Hem- 
orrhage during  the  operation  was  controlled  by  repeatedly  infiltrating 
the  tissues  with  adrenalin  solution  1 :  3000.  Upon  the  completion  of 
the  operation  a  self-retaining  soft  catheter  was  introduced.  This 
was  removed  in  three  days,  after  which  the  patient  was  catheterized 
every  four  hours  for  a  week  longer.  The  patient  made  an  uninter- 
rupted recovery,  and  was  one  of  three  other  cases  of  a  similar  character 
upon  whom  the  same  type  of  operation  had  been  successfully  per- 
formed within  a  period  of  two  years. 

Kolpocleisis. — The  only  operative  alternative  for  cases  of  other- 
wise intractable  vesicovaginalfistvlas  is  closure  of  the  vagina.  Kol- 
pocleisis is  performed  by  removing  a  wide  strip  of  tissue  from  the 
circumference  of  the  vulvovaginal  outlet,  and  uniting  the  denuded 
surfaces  with  interrupted  sutures.  This  converts  the  bladder  and 
vagina  into  a  common  cavity  for  the  urine,  menstrual  blood,  and 
other  uterine  secretions,  to  be  discharged  at  intervals  from  the  urethra. 
Owing  to  the  stagnation  and  infection  of  accumulated  discharges  and 
the  tendency  to  the  formation  of  inaccessible  calculi,  resulting  in 
complications  far  more  seriuos  than  the  original  condition,  this 
operation  has  been  and  still  is  generally  condemned  by  surgeons. 
While  the  deliberate  removal  of  the  urethra  and  the  establishment 
of  a  rectovaginal  fistula  combined  with  closure  of  the  vaginal  orifice 
in  these  cases  may  be  objectionable  on  theoretic  grounds,  its  practical 
value  following  an  operation  of  necessity,  has  been  demonstrated 
in  the  following  case:  In  1873  (thirty-six  years  ago)  Mrs.  D., 
then  thirty-five  years  old,  came  under  the  care  of  Dr.  W.  W.  Keen. 
She  had  two  large  vesical  openings  (separated  by  a  slight  bridge  of 
tissue)  involving  the  posterior  part  of  the  urethra,  the  floor  of  the 
bladder  up  to  the  uterus,  and  one  rectal  opening  an  inch  in  diameter, 
one  and  a  half  inches  above  the  anus,  all  the  result  of  gangrene  and 
sloughing  incident  to  a  severe  attack  of  typhoid  fever.  Within  a 
period  of  two  years  and  nine  months  fourteen  unsuccessful  attempts 
were  made  by  Drs.  Grove  and  Keen  to  close  the  fistulous  tracts,  but 
at  the  fifteenth  operation  (1876)  Dr.  Keen  gave  up  the  attempt, 
excised  the  urethra,  and  closed  the  entire  vulvar  aperture.  The 
operation  proved  a  complete  success.  Subsequently,  she  necessarily 
menstruated,  defecated,  and  micturated  entirely  by  the  rectum. 
She  has  rarely  been  obliged  to  empty  the  rectum  oftener  than  twice 
at  night  and  five  or  six  times  during  the  day.     She  passed  the  meno- 
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pause  eleven  years  after  the  closure  of  the  vagina.  Her  subsequent 
history  was  briefly  summed  up  by  Dr.  Keen  in  1898  in  his  work  on 
"The  Surgical  Complications  of  Typhoid  Fever"  in  these  words: 
"It  is  an  encouraging  fact  that  in  any  case  requiring  similar  treatment 
the  later  history  shows  that  for  twenty-one  years  she  has  only  twice 
had  the  least  trouble,  once  from  a  small  calculus  forming  in  the  vagina, 
and  once  from  a  small  abscess  forming  in  the  cicatrix,  which  abscess 
spontaneously  closed.  Instead  of  being  a  constant  source  of  disgust 
to  herself  and  everybody  about  her,  a  hospital  patient  dependent  upon 
charity,  and  a  Pariah  cut  off  from  all  society,  she  has  been  enabled 
to  become  self-supporting  as  a  nurse,  and  to  enter  freely  into  her 
wonted  social  relations."  This  patient  was  admitted  to  the  Jefferson 
Hospital  March  9,  1909,  complaining  that  during  the  previous  two 
months  she  had  suffered  from  an  occasional  slight  leakage  of  urine. 
A  fistulous  opening  hardly  larger  than  a  pin-point  near  the  center 
of  the  vulvar  cicatrix  was  discovered.  A  small  abscess  developed 
near  this,  and  discharged  through  the  opening.  Two  weeks  later  the 
parts  were  almost  completely  cicatrized,  but  there  is  still  a  small 
fistulous  opening  that  may  require  surgical  attention.  With  the 
exception  of  a  similar  experience  a  few  years  ago  at  which  the  fistulous 
tract  had  to  be  closed  by  operation,  she  has  suffered  no  annoyances 
of  rectum,  bladder,  or  vagina  during  thirty-three  years.  The  recto- 
vaginal opening  still  admits  the  tip  of  the  finger. 

Fecal  Fistulas. — Fecal  fistulas  peculiar  to  the  female  are  openings 
between  some  part  of  the  intestinal  tract  and  the  genital  canal. 

Classification. — 1.  Rectovaginal.  2.  Rectoperineal.  3.  Entero- 
vaginal. 

Etiology. — A  rectovaginal  fistula  is  an  opening  between  the  vagina 
and  rectum.  The  lesion  is  most  frequently  caused  by  malignant  or 
syphilitic  ulceration,  but  in  rare  instances  may  be  due  to  obstetric 
or  accidental  traumatisms,  or  to  pressure  necrosis  of  a  retained 
foreign  body.  Rectoperineal  fistulas  are  abnormal  openings  that 
begin  in  the  rectum  and  open  on  the  surface  of  the  perineum.  They 
usually  result  from  an  imperfect  union  of  the  tissues  after  an  operation 
for  the  repair  of  a  complete  laceration  of  the  perineum  and  recto- 
vaginal septum.  A  fistulous  tract  connecting  the  rectum  and  one 
of  the  labia  generally  is  caused  by  burrowing  abscess  formations.  In 
enterovaginal  fistulas  some  part  of  the  small  intestine  communicates 
with  the  vault  of  the  vagina,  generally  the  result  of  a  suppurative 
process  within  the  lower  portion  of  the  peritoneal  cavity,  or  following 
pelvic  operations  (with  vaginal  drainage)  involving  the  small  intestine, 
either  accidentally  or  otherwise. 

Diagnosis. — Discharges  of  fecal  material  and  the  escape  of  gas  are 
characteristic  symptoms  of  all  fecal  fistulas.  A  rectovaginal  fistula 
may  vary  in  size  from  an  opening  admitting  a  small  probe  to  that  of 
one  involving  the  loss  of  a  large  portion  of  the  rectovaginal  septum. 
It  may  be  located  by  touch  or  sight,  aided  by  the  use  of  a  speculum, 
a  probe,  or  by  injecting  a  colored  fluid  into  the  rectum,  when  this 
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will  be  detected  escaping  into  the  vagina  through  the  fistulous  tract. 
The  direction  of  a  rectoperineal  fistula  may  be  determined  by  the  use 
of  a  probe.  An  enterovaginal  fistula  is  usually  diagnosed  from  the 
history  of  the  case  and  its  location  in  the  vault  of  the  vagina. 

Prognosis. — A  rectovaginal  fistula  of  cancerous  origin  is  incurable. 
An  operation  upon  a  fistula,  the  result  of  syphilitic  or  tuberculous 
ulceration,  generally  fails  unless  preceded  by  appropriate  constitu- 
tional treatment.  Fistulas  following  pressure  necrosis,  inflammatory 
processes,  or  those  resulting  from  previous  pelvic  operations  or 
operations  on  the  perineum  usually  result  favorably  after  proper 
surgical  measures. 

Treatment. — The  preparation  of  the  patient  is  the  same  as  for 
operations  on  the  perineum  for  complete  lacerations  (pp.  426,  427).  In 
all  cases  after  the  patient  has  been  anesthetized  the  sphincter  ani  muscle 
should  be  thoroughly  stretched.  The  same  general  principles  under- 
lying operations  for  the  cure  of  vesicovaginal  fistulas  are  likewise 
applicable  to  the  treatment  of  rectovaginal  fistulas  (p.  449  et  seq.).  In 
denudation  operations  the  dissection  must  always  be  made  at  the 
expense  of  the  vaginal  tissues.  In  order  to  secure  proper  mobilization 
of  structure,  the  rectovaginal  septum  may  be  split  as  in  operations 
for  urinary  fistulas.  Firm  coaptation  without  tension  with  sutures 
introduced  so  as  to  extend  to,  but  not  through,  the  rectal  mucosa  is 
the  secret  of  success  in  all  these  operations.  A  rectoperineal  fistula 
usually  requires  complete  division  of  the  perineum  through  the 
sphincter  ani,  following  the  course  of  the  fistula  to  its  termination  in 
the  rectum,  with  resection  of  the  fistulous  tract  and  subsequent 
closure  of  the  wound,  as  indicated  for  recent  cases  of  complete  lacera- 
tion of  the  perineum.  An  enterovaginal  fistula  may  be  treated 
by  cauterization'  or  by  denudation  and  suture.  Usually  its  closure 
through  an  abdominal  operation  becomes  necessary.  The  after- 
treatment  in  all  these  cases  is  the  same  as  for  operations  on  com- 
plete lacerations  of  the  perineum. 
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Surgery  of  the  Uterus,  Broad  Ligaments,  and  Fallo- 
pian Tubes. 

By  E.  E.  Montgomery,  M.D., 

PHILADELPHIA. 

Inflammation  of  the  Uterus. — Any  portion  of  the  uterus  may- 
be the  seat  of  inflammation.  The  process  may  predominate  in  the 
cervix  or  in  the  body;  it  may  be  confined  to  the  lining  membrane,  or 
extend  to  the  parenchymatous  tissue  and  even  to  the  enveloping 
structure — the  peritoneum. 

In  the  effort  to  designate  the  various  forms  of  inflammation, 
classifications  have  been  based  on  the  etiology,  the  clinical  phenomena, 
and  the  pathologic  changes. 

From  the  etiologic  side,  the  proper  division  would  seem  to  be  into 
the  conditions  which  result  from  the  action  of  microorganisms  and 
those  disorders  independent  of  their  influence.  Unfortunately,  our 
knowledge  of  the  ultimate  influence  of  the  microorganisms  is  insuffi- 
cient to  enable  us  to  definitely  define  their  relation  to  the  existing 
inflammatory  process,  nor,  on  the  other  hand,  can  it  be  asserted  that 
inflammation  of  the  uterus  ever  exists  absolutely  independent  of 
bacterial  origin. 

In  the  present  state  of  our  knowledge  I  prefer  to  make  the  classi- 
fication from  the  pathologic  changes,  as  affording  the  nearest  approxi- 
mation to  a  definite  basis.     This  classification  comprises  a  division 
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into  acute  and  chronic  inflammation,  and  the  latter  is  subdivided 
into  endocervicitis,  endometritis,  and  metritis.  Chronic  endometritis 
is  still  further  divided  into  the  glandular,  interstitial,  and  mixed 
varieties.  Acute  endometritis  involves  both  the  body  and  the 
cervix. 

Acute  inflammation  of  the  uterus  is  not  confined  to  the  endo- 
metrium, but  rapidly  extends  to  the  entire  organ.  It  may  occur  in 
either  the  puerperal  or  the  non-puerperal  uterus,  though  much  less 
frequent  and  severe  in  the  latter.  In  all  cases  acute  inflammation 
is  the  result  of  infection.  In  the  non-puerperal  cases  it  is  induced 
by  gonorrhea  or  is  the  result  of  trauma  from  exploratory  operative 
procedures,  and  occasionally  is  an  exacerbation  of  a  chronic  condition. 

The  acute  condition  is  most  frequently  the  result  of  infection 
incident  to  the  evacuation  of  the  contents  of  the  pregnant  uterus, 
either  at  term  or  during  the  course  of  gestation.  The  infection  is 
promoted  by  prolonged  labor,  during  which  the  tissues  undergo  exten- 
sive bruising  or  laceration;  by  want  of  skill  and  cleanliness  in  the 
employment  of  manual  and  instrumental  procedures;  by  the  retention 
of  clots,  portions  of  placenta  or  decidua  following  labor  or  abortion; 
by  the  existence  of  septic  germs  in  the  genital  canal  prior  to  the 
delivery,  or  by  their  introduction  during  its  progress  or  during  con- 
valescence. 

The  original  site  of  the  infection  is  the  degenerated  mucosa,  the 
clots  plugging  the  uterine  sinuses,  the  former  situation  of  the  placenta 
and  retained  portions  of  the  placenta  and  decidua.  The  structures 
become  greatly  swollen,  with  alterations  in  all  the  tissue  elements. 
The  glands  are  distended  by  increased  secretion  and  the  proliferation 
of  their  epithelium.  Round-cell  infiltration  with  subsequent  degen- 
eration and  destruction  of  the  cell  elements  occurs.  The  blood-vessels 
become  engorged  and  thrombosed,  and  the  inflammatory  invasion 
may  terminate  in  abscess  formations  in  either  the  wall  or  the  sinuses 
or  both.  The  collections  of  pus,  at  first  localized  and  small,  increase 
in  size,  break  down  the  intervening  partitions,  and  form  large  abscesses, 
frequently  causing  the  destruction  of  the  greater  part  of  the  affected 
organ.  The  virulence  of  the  condition  and  the  gravity  of  the  case 
will  depend  on  the  character  of  the  infection.  The  principal  forms 
are  the  saprophytic,  the  gonorrheal,  and  the  septic.  The  former 
is  associated  with  the  retention  of  blood-clots  or  portions  of  the 
placenta  or  the  decidua  which  undergo  putrefaction,  with  the  subse- 
quent absorption  of  the  toxins,  the  products  of  decomposition.  The 
septic  process  is  much  more  frequent,  and  generally  engenders  a 
primary  disorder  by  the  entrance  of  the  pathogenic  germs  through 
fracture  of  the  uterus,  cervix,  vagina,  or  vulva.  Not  infrequently 
it  may  be  superimposed  on  the  saprophytic  invasion.  A  previously 
existing  gonorrhea  may  be  the  cause  of  a  fulminating  inflammation 
which  may  be  difficult  to  differentiate  from  septicemia,  and  may 
afford  the  favorable  soil  for  the  development  of  a  virulent  attack  of 
the  latter. 
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Symptoms  and  Signs. — The  infection  from  saprophytes  develops 
in  from  three  or  four  to  ten  days  following  delivery,  and  is  rather 
sudden  in  its  onset,  with  a  marked  elevation  of  temperature  and 
repeated  chills.  The  temperature  varies  from  102°  to  105°  F.;  I  have 
seen  it  106°  F.  The  lochia  is  either  absent  or  excessively  offensive. 
Manipulation  over  the  uterus  may  cause  expulsion  of  a  large  offensive 
clot,  following  which  the  patient  will  improve,  or  she  may  have 
profuse  bleeding.  Digital  exploration  of  the  cavity  of  the  uterus 
in  such  conditions  reveals  the  presence  of  decomposing  masses,  and 
discloses  evidence  of  their  decomposition.  The  septic  process  develops 
more  insidiously  and  occurs  earlier.  The  symptoms  induced  by 
septicemia  will  depend  on  the  condition  of  the  patient,  the  character 
and  virulence  of  the  infection,  and  the  time  of  its  introduction. 
Very  shortly,  or  within  two  or  three  days,  after  the  delivery,  the 
patient  will  betray  an  elevation  of  temperature  which  will  gradually 
increase  with  morning  and  evening  variations  Pain  and  tenderness 
in  the  lower  abdomen  are  recognized  and  may  become  so  marked  as 
to  confine  her  to  the  dorsal  position,  with  the  limbs  drawn  up.  The 
bladder  will  frequently  become  greatly  distended.  The  pulse  is 
rapid — from  110  to  140 — and  wiry,  the  respirations  frequent,  and  the 
temperature  may  vary  from  101°  to  107°  F.  When  the  parenchyma 
of  the  uterus  is  the  seat  of  the  disease,  that  organ  is  large,  boggy, 
swollen,  and  somewhat  tender,  but  will  permit  of  careful  palpation; 
but  when  the  peritoneum  becomes  involved,  the  patient  is  sensitive, 
even  to  the  pressure  of  the  bed-clothes,  and  will  resent  the  most 
careful  palpation.  The  lochia  may  be  suppressed,  thin,  and  watery, 
or  very  profuse  and  sanguinopurulent.  The  discharge  may  be  free 
from  odor  or  have  a  stale,  sickening  smell.  The  cervix,  vagina,  and 
the  external  genitalia  may  appear  normal  or  swollen,  covered  with  a 
diphtheric  exudate  or  with  thick,  glairy  mucus.  Lacerations  of  all 
these  parts  may  present  avenues  for  the  entrance  of  the  infection. 
The  cervix  may  be  lacerated  and  enlarged,  the  entire  uterus  swollen, 
edematous,  and  tender  to  pressure. 

The  progress  of  the  disease  will  depend  on  the  virulence  of  the 
poison  and  the  resistance  of  the  patient.  In  some  the  disease  becomes 
localized  as  an  abscess  in  the  wall  of  the  uterus,  the  tube,  or  the 
ovary;  in  others  the  infection  rapidly  passes  into  the  circulation, 
producing  systemic  infection.  A  persistent  high  temperature,  a 
pulse-rate  continually  above  130,  and  the  absence  of  focalization  may 
be  regarded  as  presenting  an  unfavorable  prognosis.  Even  should  the 
serious  symptoms  subside  and  the  condition  of  the  patient  apparently 
improve,  while  the  pulse-rate  persists  at  or  above  130  the  patient 
cannot  be  regarded  as  out  of  danger.  The  infective  process,  which 
has  had  its  origin  in  the  uterus,  may  extend  to  the  tubes,  the  ovaries, 
the  pelvic  peritoneum,  the  peri-uterine  cellular  tissue,  or  to  any  of  the 
veins,  producing  a  septic  phlebitis,  known  as  milk-leg,  when  the 
femoral  or  saphenous  veins  are  the  vessels  involved.  The  infection 
may  invade  the  lymphatics,  becoming  a  lymphangitis. 
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Diagnosis. — The  early  recognition  of  the  form  of  the  infection  is 
of  the  greatest  importance.  The  sudden  development  of  grave  symp- 
toms after  delivery  in  a  patient  who  was  apparently  doing  well,  asso- 
ciated with  the  presence  of  offensive  lochia,  is  presumptive  evidence 
of  saprophytic  infection,  which  is  confirmed  by  the  digital  discovery 
of  decomposing  clots  or  portions  of  placenta  or  decidua.  The  rapid 
improvement  of  the  symptoms,  with  the  removal  of  the  offensive 
material,  makes  an  absolute  demonstration.  With  septicemia  the 
onset  is  more  insidious,  and  occurs  at  an  earlier  date,  unless  the 
implantation  of  the  infection  takes  place  late.  An  elevated  tempera- 
ture following  labor  or  abortion  should  be  regarded  as  a  danger-signal 
demanding  careful  investigation.  The  condition  of  the  breasts  should 
receive  consideration.  The  possibility  of  typhoid  or  malarial  infection 
should  be  eliminated  by  blood  examinations,  and  the  presence  of 
other  toxic  conditions  should  be  excluded.  When  any  complication 
of  the  puerperium  was  regarded  under  the  generic  term  of  "puerperal 
fever,"  the  attendant  was  spared  much  exertion  in  differentiating  the 
condition,  but  with  our  present  advantages  he  must  know  the  infection 
with  which  he  is  dealing,  and  thus  be  the  better  prepared  to  meet  the 
foe.  The  course  above  indicated  permits  him  to  reach  the  diagnosis 
of  septicemia  by  exclusion,  but  it  is  still  important  that  he  should 
recognize  the  earliest  manifestations  of  localization.  A  large,  boggy, 
more  or  less  swollen  uterus  indicates  the  presence  of  metritis;  peri- 
metritis or  pelvic  peritonitis  will  cause  marked  tenderness  over  the 
surface  of  the  uterus  and  the  lower  abdomen.  The  patient  will  suffer 
severe  pain,  present  an  expression  of  anxiety,  have  a  very  frequent, 
wiry  pulse,  a  high,  sometimes  low,  and  occasionally  even  a  subnormal, 
temperature,  the  latter  being  a  symptom  of  great  danger.  Phlebitis 
will  be  indicated  by  pain  over  the  veins  affected — generally,  the 
femoral  and  saphenous.  Lymphatic  involvement  is  generally  asso- 
ciated with  inflammation  of  the  cellular  tissue, — pelvic  cellulitis  or 
parametritis, — and  is  frequently  indicated  by  pain  and  tenderness 
over  the  inguinal  and  lumbar  regions.  Not  infrequently  septicemia 
undergoes  a  rapidly  fatal  course,  without  apparent  or  perceptible 
local  manifestations. 

Prognosis. — The  saprophytic  infection  affords  the  most  favorable 
outlook,  but  it  should  not  be  forgotten  that  it  also  presents  a  favorable 
soil  for  the  introduction  of  the  more  dangerous  pathogenic  micro- 
organisms. When  uncontaminated,  the  removal  of  the  putrid  prod- 
ucts is  quickly  followed  by  a  subsidence  of  all  the  grave  symptoms 
and  rapid  convalescence  of  the  patient.  Septic  infection  is  the 
gravest  of  disorders,  fraught  with  danger  to  life,  and  when  the  patient 
escapes,  it  is  often  with  her  organs  crippled  as  to  subsequent  function, 
or  so  diseased  as  to  require  their  future  sacrifice. 

Treatment. — The  most  effective  treatment  is  the  prophylactic; 
hence  the  nearer  the  accurate  methods  of  the  surgeon  can  be  imitated 
in  the  management  of  the  obstetric  patient,  the  less  the  danger. 
Variations  from  the  normal  course  of  the  puerperium  should  demand 
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immediate  investigation  as  to  the  cause,  the  removal  of  any  decom- 
posing products  from  the  genital  canal,  with  careful  cleansing  of  the 
affected  surfaces  and  the  employment  of  measures  to  maintain  subse- 
quent drainage.  These  are  the  cases  in  which  the  curette  and  packing 
the  cavity  with  iodoform  gauze  will  be  efficient.  In  septicemia,  on 
the  contrary,  the  disease  is  so  far  advanced  when  the  attendant  awakes 
to  its  importance  that  the  employment  of  the  curette  is  of  doubtful 
expediency.  The  infection  has  already  passed  beyond  the  superficial 
structures  affected  by  the  curette,  and  it  is  better  to  secure  absolute 
rest,  regulate  the  bowels,  give  a  generous,  readily  digested  diet,  main- 
tain cleanliness,  promote  elimination,  and  watch  for  local  manifesta- 
tions. The  external  application  of  the  ice-bag  and  the  continuous 
slow  irrigation  of  the  rectum  are  two  measures  always  worthy  of 
consideration.  Early  involvement  of  the  peritoneum  should  be  met 
by  curetting,  cleansing,  and  packing  the  uterus,  and  an  incision 
through  the  posterior  vaginal  fornix,  which  should  be  drained  with 
iodoform  gauze,  and  the  patient  placed  in  the  Fowler  position  (Vol.  Ill, 
p.  707),  with  the  Murphy  treatment  of  continuous  rectal  irrigation 
(Vol.  Ill,  p.  775).  Collections  of  pus,  when  accessible,  should  be 
evacuated  through  the  vagina,  as  nature's  barriers  are  thus  regarded, 
and  the  danger  of  the  spread  of  infection  lessened.  The  recognition 
of  purulent  destruction  of  the  uterine  walls  should  be  considered  an 

indication  for  hysterectomy.  The  re- 
tention of  such  an  organ  is  fraught 
with  danger. 

Endocervicitis  (Chronic  Cervical 
Catarrh). — Endometritis  of  the  cer- 
vix affects  not  only  the  canal,  but 
the  entire  structure  below  the  inter- 
nal os.  The  character  of  the  disease 
varies  greatly  in  the  unmarried  or 
the  nulliparous  and  the  woman  who 
has  borne  children.  In  the  former, 
decided  small-cell  infiltration  occurs, 
'        f,0    „  D  '    the  capillaries  become  dilated,  some- 

Fig.  143. — Erosion  with  Papillary  r  7 

Hypertrophy.  times  to   such    an   extent  as   to   re- 

semble hemorrhoids.  The  squamous 
cell  epithelium  often  becomes  infiltrated  with  leukocytes  and  under- 
goes hypertrophy  from  the  increased  blood-supply.  The  papillae 
become  enlarged,  are  covered  with  a  single  layer  of  epithelium, 
which  permits  the  red  color  to  be  displayed  and  gives  the  appear- 
ance of  an  erosion.  This  is  generally  regarded  as  a  simple  ero- 
sion, and  is  usually  confined  to  the  squamous  epithelium  of  the 
cervix.  In  the  multiparous,  the  cervix  has  undergone  more  or  less 
laceration,  which  often  permits  the  lips  to  be  widely  separated.  The 
mucous  membrane  is  everted,  and  presents  an  irregular  granular 
appearance,  which  extends  beyond  the  os.  This  condition  was 
formerly  regarded  as  ulceration,   but  microscopic  examination  dis- 
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closes  the  apparently  denuded  surface,  covered  with  epithelium. 
The  continually  engorged  condition  leads  to  eversion  of  the  mucous 
membrane,  eventually  to  obstruction  of  the  glands  of  the  cervix, 
and  an  accumulation  of  their  secretion  within  well-defined  cysts. 
The  cystic  degeneration  of  a  large  number  of  the  glands  causes  the 
cervix  to  be  apparently  made  of  cysts  which  penetrate  its  entire 
structure  (Fig.  144).  Such  cysts  are  known  as  retention  cysts,  or 
ovules  of  Naboth.  They  may  encircle  the  external  os,  or  may  have 
pushed  into  the  structure  of  the  cervix  at  some  distance  from  the  os. 


Fig.  144. — Extensive  Cystic  Degeneration  of  the  Cervix.     (Montgomery.) 
a,  Glands  dilated  with  secretion  ;  6,  large  nodule  formed  by  union  of  many  glands  and  distended 

with  fluid. 


They  are  generally  filled  with  the  secretion  of  the  glands,  but  may 
become  infected  and  form  small  abscesses.  The  increased  glandular 
secretion  and  the  transudation  from  the  denuded  surface  cause  a  very 
profuse  leukorrheal  discharge.  Not  infrequently  a  hyperplasia  of 
the  cervix  occurs,  which  greatly  increases  its  size.  In  the  nulliparous 
the  cervix  forms  a  rounded  mass,  and  hence  becomes  enlarged  in  every 
direction,  or  it  may  become  so  elongated  as  to  resemble  prolapsus, 
and  is  known  as  pseudoprolapsus.  Where  a  cervix  has  been  pre- 
viously lacerated,  this  hyperplasia  causes  the  lips  to  be  widely  everted 
and  to  become  fixed.  The  surface  is  covered  with  distended  cysts, 
vol.  v— 30 
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recognized  as  pea-like  masses  under  the  finger.  They  form  abscesses 
or  rupture,  and,  with  the  proliferating  epithelium,  present  a  raw 
surface  often  difficult  to  differentiate  from  epithelioma  of  the  cervix. 
A  large  cyst  may  be  formed  by  the  absorption  of  the  intervening  walls 
when  the  cysts  are  in  close  relation.  Puncture  of  a  cyst  permits  the 
discharge  of  a  thick,  viscid  fluid,  rich  in  corpuscles.  Endocervicitis 
is  the  result  of  extension  of  inflammation  by  way  of  the  body  of  the 
organ,  the  vagina,  or  the  vulva.  The  provoking  causes  are  excessive 
coition,  lacerations,  injuries  from  instrumental  and  digital  examina- 
tion and  from  gonorrheal  and  septic  infection. 

Symptoms  and  Signs. — Leukorrhea,  pain  in  the  back  and  down 
the  legs,  increased  on  standing  and  walking,  irregular  menstruation, 
and  sterility  are  the  principal  symptoms,  of  which  leukorrhea  is  the 
most  important.  The  discharge  from  the  glands  is  thick,  viscid,  and 
transparent,  white  when  mixed  with  mucus-corpuscles,  and  yellowish 
from  pus-corpuscles.  It  is  sometimes  tinged  with  blood.  Men- 
struation is  generally  irregular,  the  quantity  of  the  flow  being  increased. 
Sterility  is  frequently  observed.  In  the  childless  woman  the  cervix 
is  puffy  and  large,  the  os  soft  and  velvety  and  eroded  or  hard,  covered 
with  pea-like  nodules,  polypoid  projections,  or  cystic  masses.  The 
os  may  be  gaping,  allowing  the  finger  to  penetrate  nearly  to  the 
internal  os.  The  lips  may  vary  in  size,  the  one  having  undergone 
involution,  the  other  hyperplasia.  The  conditions  recognized  by  the 
digital  examination  can  be  observed  also  by  the  employment  of  the 
speculum.  The  Sims  speculum  is  preferable,  as  it  causes  less  dis- 
placement and  permits  of  more  thorough  inspection.  The  nulliparous 
os  will  be  filled  with  a  plug  of  tenacious  mucus  and  present  a  patch, 
especially  over  the  posterior  lip,  of  excoriated  tissue  which  has  lost 
its  superficial  layers  of  epithelium.  The  multiparous  cervix  is  fre- 
quently lacerated,  and  the  angles  of  the  tear  often  so  filled  with  indu- 
rated, cicatricial  tissue  that  the  lesion  escapes  the  observation  of 
the  careless  observer. 

Diagnosis. — A  plug  of  mucus  so  viscid  and  tenacious  that  it  can 
be  removed  with  difficulty  fills  the  cervical  canal  when  exposed  with 
the  speculum,  and  differentiates  endocervicitis  from  vaginitis.  The 
distended  glands  can  be  evacuated  by  puncture.  The  differentiation 
from  endometritis  is  often  especially  uncertain;  indeed,  it  may  be 
difficult  to  say  that  the  two  conditions  do  not  always  coexist  to  a 
greater  or  less  degree.  The  enlarged,  thickened,  and  indurated  cervix 
would  indicate  it  as  the  seat  of  the  disease.  The  glandular  degenera- 
tion of  the  cervix  is  sometimes  regarded  as  carcinoma,  but  the  absence 
of  infiltration  and  the  more  general  and  uniform  hypertrophy,  the 
greater  consistency,  and  the  absence  of  friability  are  sufficient  to  render 
the  diagnosis  certain.  In  malignant  disease  the  cervix  is  hard  in 
points  as  a  result  of  the  localized  infiltrate.  As  the  disease  advances 
the  hardened  surface  presents  an  excavated  ulcer  with  infiltrated 
edges.  The  tissue  will  be  friable  and  easily  broken  down,  while  the 
base  will  be  firm  and  hard.     When  there  is  any  doubt  as  to  the  diag- 
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nosis,  a  test  excision  should  be  made  and  the  excised  tissue  subjected 
to  microscopic  examination. 

Treatment. — The  most  important  consideration  from  the  surgical 
standpoint  is  to  establish  ample  drainage.  Where  the  os  is  small  or 
pin-hole  in  size,  not  infrequently  the  cervical  cavity  will  be  found 
distended  and  full  of  thick,  viscid  mucus.  The  dilatation  or  stretch- 
ing of  such  an  os  will  be  followed  by  recontraction.  The  better  pro- 
cedure is  to  incise  it  crucially  and  remove  the  intervening  flaps,  after 
which  the  mucous  membrane  lining  the  canal  is  sutured  to  that  of  the 
portio  vaginalis.  Distended  Nabothian  follicles  should  be  punctured, 
and  the  cavities  painted  with  tincture  of  iodin,  or  a  solution  of  iodin 
crystals  in  carbolic  acid.  A  lacerated  cervix  with  everted  and 
thickened  mucosa  calls  for  amputation,  and  the  preferable  procedure 
is  the  single-flap  operation  of  Schroder  (p.  478). 

Chronic  endometritis  is  applied  to  an  inflammation  of  the  lining 
membrane  of  the  body  of  the  uterus.  Ruge  divides  it  into  the 
glandular,  interstitial,  and  mixed,  according  to  the  portion  of  the 
mucous  membrane  affected.  In  each  variety  the  entire  structure  of 
the  membrane  is  more  or  less  affected.  As  the  membrane  becomes 
thickened,  the  glands  become  elongated,  bent,  tortuous,  and  dilated, 
the  cell  structure  swollen  and  proliferated,  and  resembles  the  decidua. 
The  vessels  are  dilated  and  distended.  The  mucous  membrane  is 
frequently  several  times  its  normal  thickness.  In  some  the  membrane 
is  full  of  the  distended  glands;  in  others,  of  distended  blood-vessels, 
and  a  third  variety  in  which  there  is  a  large  amount  of  embryonic 
tissue,  but  few  vessels  and  scarcely  a  trace  of  glands.  With  the 
conditions  mentioned  there  are  three  kinds  of  discharge — the  leukor- 
rheal,  the  sanguinolent,  and  the  mucopurulent.  Portions  may 
project  as  polypoid  masses  of  glandular  or  vascular  tissue  from  the 
surface  of  the  membrane.  In  some  cases  the  hyperplasia  of  the 
mucosa  results  in  the  exfoliation  of  the  surface  of  the  membrane, 
either  in  shreds  or  as  a  more  or  less  exact  cast  of  the  cavity  of  the 
uterus.  The  condition  is  known  as  endometritis  exfoliativa,  or 
membranous  dysmenorrhea;  better,  perhaps,  as  menstrual  decidua. 

Symptoms. — Endometritis  follows  abortion  or  labor  as  the  result 
of  a  mild  infection,  and  not  infrequently  gonorrhea  in  the  non-puer- 
peral. It  occurs  more  frequently  in  the  multiparous,  and  is  more 
common  in  the  later  days  of  the  menstrual  life.  The  nulliparous 
are  not  exempt,  and  it  may  occur  in  the  virgin,  when  it  is  known  as 
virginal  endometritis.  This  is  generally  associated  with  stenosis  or 
narrowing  of  the  external  os.  An  accumulation  of  secretion  which 
often  decomposes  and  becomes  exceedingly  offensive  is  not  infre- 
quently seen  in  women  late  in  life,  several  years  after  the  climacteric, 
and  is  known  as  senile  endometritis.  This  collection  is  not  infre- 
quently discharged  into  the  vagina,  and,  from  its  extremely  offensive 
odor,  is  often  regarded  as  evidence  of  the  presence  of  cancer  in  the 
body  of  the  uterus.  The  characteristic  symptoms  of  endometritis 
are  leukorrhea  and  menorrhagia.     The  discharge  from  the  body  is 
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thin  and  watery,  and  much  less  tenacious  than  that  from  the  cervix. 
The  character  of  the  discharge  will  depend  on  the  variety  of  the 
inflammation  present.  In  the  glandular  it  is  thin  and  clear,  or  white 
from  desquamated  epithelium,  yellow  from  admixture  of  pus-cells, 
or  tinged  with  blood.  In  the  interstitial  variety  the  discharge  is  slight, 
often  so  tinged  with  blood  that  the  patient  imagines  herself  con- 
tinuously sick,  and  the  menstrual  flow  is  apt  to  be  prolonged  and 
extremely  profuse,  frequently  amounting  to  hemorrhage.  In  the 
mixed  form,  both  the  hemorrhage  and  the  leukorrhea  are  marked 
symptoms.  In  all  forms  the  discharge  may  be  more  or  less  continuous, 
or  may  be  retained  and  then  be  discharged  in  quantity.  This  symp- 
tom characterizes  the  cases  complicated  by  retrodisplaccments  of 
the  uterus,  or  those  in  which  the  canal  is  contracted,  and  the  organ 
has  to  go  into  labor  to  evacuate  its  contents.  Dysmenorrhea  is  not 
a  constant  symptom  of  endometritis,  except  in  cases  with  narrowed 
canal,  or  where  there  is  a  desquamation  of  the  epithelium  as  a  more 
or  less  well-marked  cast  of  the  uterine  cavity.  That  the  existence  of 
endometritis  is  a  hindrance  to  conception  is  evident  from  the  fre- 
quency with  which  pregnancy  occurs  after  the  organ  is  curetted.  Its 
existence  prevents  the  proper  preparation  of  the  endometrium  for 
the  reception  and  nutrition  of  the  fecundated  ovum,  hence  the  greater 
frequency  of  abortion. 

Diagnosis. — The  more  or  less  continuous  leukorrhea,  the  prolonged 
menstruation,  and  the  enlarged  uterus  following  a  history  of  abortion 
or  prolonged  convalescence  after  labor  render  the  diagnosis  certain. 
The  examination  of  the  curetted  tissue  is  of  great  value.  It  exhibits 
marked  small-cell  infiltration,  with  absence  of  glandular  hyperplasia, 
or  extensive  glandular  hyperplasia  with  proliferation  of  the  glandular 
epithelium.  The  cells  of  the  epithelium  lose  their  original  cylindric 
shape,  become  granular  and  enlarged,  and  resemble  the  decidua  cells. 
The  long-continued  irritation  of  the  disease  predisposes  to  the  develop- 
ment of  malignant  degeneration.  The  senile  form,  with  its  offensive 
discharge,  is  frequently  mistaken  for  carcinoma,  but  a  careful  exami- 
nation reveals  perfectly  smooth  wralls,  with  no  sign  of  infiltration. 
Where  the  treatment  of  the  condition  is  neglected,  the  inflammation 
penetrates  to  the  subjacent  layers,  causing  metritis,  or  may  involve 
the  tubes,  causing  salpingitis,  or  the  peritoneum,  causing  inflammatory 
deposits  about  the  ovaries  and  the  orifices  of  the  tubes.  Neglect 
may  be  productive  of  salpingitis,  cellulitis,  oophoritis,  peritonitis, 
the  formation  of  abscesses,  the  destruction  of  organs,  and  not  infre- 
quently loss  of  life. 

Treatment. — Prophylaxis  is  the  most  important  consideration, 
and  will  demand  rigid  asepsis  during  labor  and  in  gynecologic  exami- 
nations. The  occurrence  of  hemorrhage,  offensive  lochia,  or  elevation 
of  temperature  should  be  considered  as  an  indication  for  careful 
investigation.  Lacerations  of  the  cervix  should  receive  early  atten- 
tion. The  early  employment  of  the  curette  should  be  regarded  as 
indispensable.     The  latter  should  be  supplemented  by  intra-abdominal 
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methods  where  the  inflammation  has  passed  beyond  the  uterine 
cavity  to  the  deeper  pelvic  structures.  These  cases  are  frequently 
subjected  to  intra-uterine  treatment,  but  it  should  be  employed  only 
after  ample  drainage  of  the  canal  has  been  secured.  To  attempt  the 
application  of  remedies  through  a  small  canal  is  but  adding  insult  to 
injury,  and  is  inviting  the  development  of  worse  conditions  than  that 
for  which  the  treatment  is  instituted.  The  inflamed  uterine  canal 
is  similar  to  a  sinus — unless  it  is  freed  from  the  irritating  discharges, 
the  disorder  is  aggravated.  In  the  senile  variety  the  indication  of 
first  importance  is  free  drainage.  This  alone  is  sufficient  to  establish 
a  cure,  and  may  be  secured  by  the  insertion  of  a  hard-rubber  or  glass 
drainage-tube,  as  suggested  by  Wylie.  The  recovery  is  expedited 
by  occasional  irrigation  with  an  antiseptic  solution. 

Chronic  metritis  is  an  inflammation  of  the  muscular  structure  of 
the  uterus,  and,  to  a  more  or  less  marked  degree,  associated  with 
endometritis.  When  long  continued,  there  is  a  great  increase  of  the 
connective  tissue,  the  uterus  is  hypertrophied,  and  in  the  later  stages 
firm  and  hard.  The  condition  is  quite  analogous  to  the  changes  the 
liver  undergoes  in  cirrhosis.  An  effort  is  made  by  some  English  author- 
ities to  distinguish  between  it  and  subinvolution,  but  they  are  only 
different  stages  in  the  same  process.  In  the  early  stage  the  organ 
will  be  flabby  and  soft,  but  with  the  increase  of  the  connective  tissue 
it  becomes  as  firm  as  a  mature  fibroid  growth.  The  organ  is  uni- 
formly increased  in  size. 

Etiology. — Chronic  metritis  is  ascribed  to  two  classes  of  causes — 
the  predisposing  and  the  exciting.  The  former  is  subdivided  into — 
(a)  those  which  interfere  with  the  normal  involution  of  the  uterus, 
and  (6)  those  produced  by  repeated  and  protracted  congestion.  To 
the  first  class  belongs  retention  within  the  uterus  of  portions  of  the 
placenta,  decidua,  or  blood-clots;  lacerations  of  the  cervix  and  pelvic 
floor;  pelvic  inflammations;  non-lactation;  too  short  convalescence 
following  delivery  and  repeated  abortions.  To  the  second  class 
belong  displacements,  malformations,  congenital  anteflexion,  the 
presence  of  tumors  in  or  near  the  uterus,  improper  clothing,  exposure 
to  cold,  and  masturbation.  The  exciting  cause  is  the  existence  and 
action  of  microorganisms. 

Symptoms. — The  patient  will  frequently  attribute  the  condition 
to  a  previous  labor  or  to  repeated  abortions.  There  are  no  charac- 
teristic symptoms,  but  the  same  symptoms  are  present  as  are  common 
to  cancer,  myomata,  displacements,  and  other  local  disorders.  The 
patient  complains  of  weakness,  want  of  interest  in  anything  outside 
herself,  and  disinclination  to  exertion.  Standing  and  walking  are 
irksome,  from  the  sensation  of  weight  and  pressure  and  the  feeling 
that  her  viscera  are  about  to  be  extruded.  There  are  points  of  anes- 
thesia over  the  surface  of  the  thighs,  and  frequently  partial  loss  of 
power  of  the  lower  extremities.  I  have  seen  the  patient  present  the 
symptoms  of  locomotor  ataxia,  which  entirely  disappeared  after  the 
relief  of  the  irritation.     Painful  contraction  of  the  uterus,  irritable 


470  SURGERY    OP   THE    FEMALE    GENITO-URINARY    ORGANS. 

bladder,  constipation,  loss  of  pleasurable  sensation  during  coition, 
pricking  of  the  eyes,  weak  sight,  photophobia,  coronal  headache, 
occipital  pain,  disturbance  of  the  menstruation,  as  dysmenorrhea, 
amenorrhea,  menorrhagia,  and  irregular  bleeding  are  among  the 
train  of  symptoms  ascribed  to  this  disorder.  The  patient  becomes 
pale  and  weak,  has  frequent  attacks  of  palpitation,  and  is  often 
greatly  depressed.  Neurasthenia,  hysteria,  epilepsy,  and  acute  mania 
are  not  infrequently  developed  and  generally  aggravated  by  this  con- 
dition. 

Signs  and  Diagnosis. — The  uterus  is  uniformly  enlarged,  soft,  and 
pliable  in  the  early  stages,  hard,  dense,  and  firm  in  the  later.  It  may 
retain  its  normal  position  or  undergo  some  form  of  displacement,  be 
freely  movable,  or  fixed  by  inflammatory  exudate.  The  conditions 
with  which  chronic  metritis  are  most  likely  to  be  confused  are  preg- 
nancy, carcinoma  of  the  uterine  body,  small  interstitial  or  submucous 
fibroids,  and  disease  of  the  rectum.  Pregnancy  in  its  early  stages 
will  be  characterized  by  arrest  of  menstruation  and  an  increased 
discharge;  the  body  of  the  uterus  is  comparatively  so  much  greater 
than  the  cervix  as  to  give  an  impression  of  a  jug-shaped  enlargement; 
the  body  is  not  resistant,  and  the  cervix  is  soft.  Cancer  in  the 
majority  of  cases  involves  the  cervix;  where  the  body  is  involved,  the 
organ  presents  points  of  hardness  as  a  result  of  the  infiltrate,  rather 
than  uniform  hardness.  In  some  cases  it  may  be  necessary  to  dilate 
the  uterus  with  tents  to  permit  the  digital  exploration  of  the  cavity 
and  the  employment  of  the  curette,  and  the  microscopic  investigation 
of  the  scrapings  in  order  to  insure  the  diagnosis.  Small  interstitial 
and  submucous  fibroids  in  a  large  uterus  are  difficult  to  differentiate 
from  the  chronically  inflamed  organ.  Where  the  abdominal  walls 
are  thin  and  the  patient  relaxes  her  muscles,  the  limited  area  of 
resistance  favors  the  recognition  of  the  growth.  When  the  metritis 
is  complicated  by  pelvic  inflammation,  the  growth  may  very  readily 
be  overlooked.  Disease  of  the  rectum  may  cause  symptoms  which 
simulate  chronic  endometritis. 

Treatment. — The  only  effective  plan  of  treatment  is  the  preventive. 
Neither  medical  nor  surgical  measures  will  restore  an  organ  to  its 
normal  condition  after  marked  tissue  change  has  occurred.  Sexual 
rest,  judicious  exercise  in  the  open  air,  regular  evacuation  of  the 
bowels,  proper  hygiene,  hot  douches,  and  medicated  tampons  will  be 
of  value.  Injuries  of  the  uterus  and  pelvic  floor  should  be  repaired. 
The  uterus  should  be  curetted,  and  under  some  conditions  the  cervix 
amputated.  Where  the  condition  has  existed  for  a  considerable 
time  and  is  complicated  by  tubal  or  ovarian  disease,  the  preferable 
procedure  is  to  remove  the  uterus  with  its  appendages.  The  removal 
of  the  organ  relieves  the  imprisoned  nerves,  which  are  compressed  by 
the  increased  connective-tissue  growth. 

Curettage. — In  the  preceding  pages  we  have  frequently  advised 
the  employment  of  the  curette.  It  is  an  instrument  capable  of  much 
good  and  of  more  harm.     It  may  be  considered  to  be  indicated  after 
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an  abortion  or  labor,  when  the  symptoms  indicate  the  retention, 
within  the  cavity,  of  clots,  portions  of  the  placenta,  and  decidua,  or 
where  hemorrhage  or  profuse  discharge  occurs;  in  chronic  inflammation 
of  the  endometrium  of  the  cervix  or  body;  in  all  cases  in  which  opera- 
tions are  done  on  the  cervix,  or  where  the  abdomen  is  opened  to  treat 
disease  of  the  appendages,  with  the  purpose  to  save  one  or  both;  as 
a  preliminary  to  operations  for  the  object  of  maintaining  a  displaced 
uterus  in  a  correct  position,  and  to  secure  material  to  confirm  the 
diagnosis  in  suspected  malignant  disease.  It  should  be  considered 
as  contraindicated  in  malignant  disease,  except  to  secure  material 
for  examination  and  as  preliminary  to  radical  operation;  in  sub- 
mucous fibroid  tumors,  as  the  instrument  is  likely  so  to  injure  the 
growth  as  to  imperil  its  vitality;  in  every  inflammatory  case  where 
the  infection  has  extended  to  the  tubes,  the  pelvic  peritoneum,  and 
the  cellular  tissue,  unless  its  employment  is  immediately  followed  by 
an  abdominal  incision  for  the  correction  of  the  intra-abdominal 
lesions;  and  never  where  there  is  the  suspicion  of  pregnancy. 

Technic. — The  preparation  will  depend  to  some  degree  on  the 
condition  for  which  it  is  practised.  The  first  aim  should  be  to  render 
the  vagina  as  nearly  aseptic  as  possible;  hence  it  is  washed  with  a 
mixture  of  tincture  of  green  soap  and  water  (1: 16).  This  is  removed 
by  washing  with  sterile  water,  and,  finally,  the  vagina  is  scrubbed 
with  alcohol  (50  per  cent.)  in  water.  Not  only  the  vagina  and  vulva 
are  thus  scrubbed,  but  the  buttocks  and  every  part  which  is  likely  to 
be  touched  during  the  operation.  The  operative  field  is  surrounded 
with  an  aseptic  sheet,  the  cervix  exposed,  seized  with  two  double 
tenacula,  as  the  two  are  less  liable  to  tear  out,  and  the  dilatation  is 
done  by  graduated  bougies,  two  sizes  on  each  handle.  These  bougies, 
especially  the  smaller  sizes,  should  be  employed  with  care,  as  the  wall 
of  the  uterus  may  be  very  easily  punctured.  In  the  larger  sizes  the 
wall  may  be  ruptured  in  acute  flexions,  as  the  wall  is  thinned  on  the 
side  opposite  to  the  flexion.  The  dilatation  is  done  by  many  surgeons 
with  the  parallel-bar  dilators,  but  they  offer  no  greater  safety  from 
perforation,  and  when  such  injury  occurs  and  is  not  observed  before 
the  separation  of  the  blades,  it  may  be  almost  irreparable.  The 
dilatation  is  followed  by  the  use  of  the  curette,  which  should  be  fene- 
strated and  sharp,  with  a  tubular  handle  which  can  be  connected  with 
a  douche-bag,  and  the  blood  and  scrapings  washed  away  as  the 
instrument  passes  over  the  surface.  Particular  care  should  be 
exercised  in  the  use  of  the  instrument  to  curette  the  entire  uterine 
cavity.  After  its  completion  the  uterus  can  be  packed  with  medicated 
gauze,  swabbed  with  some  solution,  or  permitted  to  drain  without 
interference.  In  an  infected  uterus  I  believe  it  better  to  employ 
iodoform  gauze  packing,  as  it  keeps  the  surfaces  apart  and  favors 
the  closure  of  the  uterine  sinuses.  In  uninfected  cases  it  is  my 
custom  to  swab  the  cavity  with  a  saturated  solution  of  iodoform  in 
ether;  the  ether  rapidly  evaporates  at  the  body  temperature,  and 
leaves  a  coating  of  iodoform  over  the  surface.     Watson  suggested 
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throwing  into  the  cavity  an  ounce  of  a  3  per  cent,  solution  of  formalin 
in  glycerin. 

Dangers. — The  use  of  the  curette  is  by  no  means  free  from  danger. 
Its  employment  is  not  infrequently  followed  by  extension  of  infection 
to  the  deeper  structures,  but  this  can  be  avoided  by  the  exercise  of 
proper  asepsis  and  care  in  the  selection  of  suitable  cases.  Perforation 
of  the  uterine  wall  with  the  curette  or  the  dilating  instruments  is  of 
not  infrequent  occurrence.  This  accident  is  very  prone  to  occur  in 
the  recently  inflamed  uterus  or  in  the  woman  who  has  had  a  recent 
abortion.  Numerous  instances  are  recorded  where  the  first  intima- 
tion the  operator  had  of  perforation  was  the  appearance  of  a  loop  of 
intestine  at  the  external  os.  The  intestine  has  been  so  injured  in 
some  cases  as  to  require  resection.  A  patient  came  under  my  observa- 
tion in  whom  the  anterior  wall  of  the  uterus  had  been  so  spread  apart 
by  parallel-bar  dilators  that  I  had  to  remove  the  fundus  uteri,  and  the 
woman  subsequently  died  from  sepsis.  An  ordinary  perforation  when 
the  case  has  been  managed  aseptically  is  not  a  serious  matter.  The 
only  treatment  advisable  would  be  to  plug  the  uterus  with  iodoform 
gauze,  when  the  convalescence  will  be  as  uneventful  as  if  the  injury 
had  not  occurred. 

Hypertrophy  of  the  Cervix,— The  intravaginal  and  the  supra- 
vaginal portions  of  the  cervix  are  subject  to  enlargement.  The 
latter  is  associated  with  prolapsus  of  the  vagina,  while  the  former 
occurs  without  any  change  in  the  position  of  the  uterus  or  the  vagina. 
It  is  a  hyperplasia  of  the  intravaginal  portion  of  the  cervix,  which 
frequently  becomes  so  elongated  as  to  protrude  from  the  vagina  and 
lead  the  careless  observer  to  believe  that  it  is  a  uterine  prolapse.  The 
condition  is  determined  by  digital  examination,  which  discloses  that 
the  vagina  is  of  the  normal  length  and  is  not  affected  by  the  elongation 
of  the  cervix.  This  condition  is  described  by  Auvard  as  pseudo- 
prolapsus.  The  supravaginal  elongation,  also  known  as  hypertrophic 
elongation  of  the  cervix,  is  a  not  uncommon  lesion,  and  is  the.  result 
of  loss  of  support  from  the  pelvic  floor,  which  permits  the  anterior 
and  posterior  walls  of  the  vagina,  with  their  related  structures,  to 
drag  on  the  cervix  until  the  entire  uterus,  or  where  it  is  fixed,  the 
elastic  cervix  is  drawn  upon,  causing  elongation  of  its  supravaginal 
portion.  The  anterior  portion  of  the  vagina  is  attached  to  the  cervix 
at  a  lower  level  than  the  posterior,  so  that  most  frequently  the  elonga- 
tion occurs  between  the  attachments  of  the  two  portions.  As  a 
consequence,  it  will  be  seen  that  the  entire  anterior  portion  of  the 
vagina  is  everted,  while  the  posterior  is  of  the  normal  length,  and  is  not 
at  all  displaced.  Here,  again,  the  appearance  is  that  of  prolapsus, 
and  from  the  contour  of  the  tumor  one  is  prepared  to  find  the  entire 
uterus  in  the  mass,  but  grasping  it  between  the  thumb  and  fingers, 
it  is  found  that  there  is  a  round,  cord-like  structure  passing  upward 
through  the  mass,  which  is  recognized  as  the  elongated  cervix.  The 
mass  may  consist  of  an  increase  of  connective  tissue  only,  or  be  asso- 
ciated with  extensive  cystic  degeneration  of  the  glands. 
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Treatment. — Amputation  of  the  cervix  is  the  only  procedure  of 
value  in  the  treatment  of  either  form  of  hypertrophy.  In  the  intra- 
vaginal  variety  the  amputation  is  done  by  splitting  the  cervix  into 
an  anterior  and  a  posterior  lip,  and  removing  each  lip  with  a  double 
flap.  The  mucosa  of  the  cervix  and  that  of  the  portio  vaginalis  are 
carefully  united  front  and  back,  to  insure  the  new  os,  and  the  two 
lips  are  united  laterally  (Fig.  145).  In  the  supervaginal  form  the 
vagina  is  separated  from  the  cervix,  if  necessary  as  high  as  the  peri- 
toneal reflection,  the  amputation  done  as  just  described,  except  that 
in  suturing  the  parts  the  bladder  should  be  carried  higher  on*  the 
front  of  the  uterus,  or  its  posterior  surface  tucked  up,  after  which  the 
cervical  mucosa  and  the  vagina  are  sutured  in  front,  and  the  remaining 
portion  closed  as  above  described  (Fig.  146).  As  this  operation  is 
usually  done  for  prolapsus,  it  is  generally  associated  with  plastic 
operations  on  the  vagina,  which  will  be  described  when  considering 
the  treatment  of  displacements. 


Fig.  145. — Double  Flap  Amputation  of  the       Fig.  146. — Wound  Closed  in  Double  Flap 
Cervix  with  Suture  Introduced.    (Mont-  Amputation  op  Cervix.     (Montgomery.) 

gomery.) 

Laceration  of  the  Cervix,— Tears  of  the  neck  of  the  womb 
are  among  the  most  frequent  sequelae  of  parturition.  These  injuries 
may  be  unilateral,  bilateral,  through  the  anterior  or  posterior  lip,  or 
stellate.  These  may  be  nothing  more  than  a  slight  Assuring  of  the 
os,  or  extend  into  the  lateral  fornices  of  the  vagina,  or  through  the 
anterior  lip  until  the  bladder  is  opened.  Probably  the  bilateral 
laceration  is  the  most  frequent,  and  next,  the  left  lateral,  due  possibly 
to  the  greater  frequency  of  the  position  of  the  occiput  to  the  left 
anterior. 

Etiology. — The  occurrence  of  laceration  of  the  cervix  is  rendered 
probable  by  the  previous  existence  of  protracted  endocervicitis. 
The  lesion  may  be  the  direct  result  of  too  precipitate  or  of  prolonged 
labor.  In  the  former,  by  the  energetic  contractions  of  the  uterus,  the 
head  of  the  child  is  driven  through  the  os  before  the  cervix  has  had 
an  opportunity  to  become  relaxed  and  dilated.  In  the  prolonged 
labor  the  overhanging  portion  of  the  cervix  is  bruised  between  the 
pelvic  bones  and  the  head  of  the  child  until  it  becomes  edematous 
and  thickened,  and  finally  gives  wray.     An  inordinately  sized  child, 
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malposition  of  the  fetal  presentation,  misdirected  expulsive  force 
expended  against  an  overhanging  lip  instead  of  the  center  of  the  os, 
premature  rupture  of  the  amniotic  sac,  hasty  and  unwise  efforts  to 
expedite  the  delivery,  either  manual  or  instrumental,  are  some  of 
the  important  factors  in  the  production  of  laceration  of  the  cervix. 


Fig.  147. 


-Bilateral   Laceration   of   the 
Cervix.     (Munde). 


Fig.  148. — Unilateral  Laceration  of  the 
Cervix. 


Stellate  lacerations  are  the  result  of  repeated  labors  (Fig.  149). 
Nature  has  made  an  effort  to  repair  the  earlier  injuries,  and  in  the 
subsequent  labor  the  site  of  the  original  laceration,  being  the  strongest 
portion,  the  tear  occurs  in  a  new  situation.  After  a  number  of  labors 
the  cervix  may  thus  assume  a  rather  remarkable  appearance. 

Symptoms  and  Signs. — No  special 
symptoms  can  be  presented  as  char- 
acteristic of  cervical  tear.  They  are 
produced  by  the  complications  of  the 
lesion.  Endometritis  and  subinvolu- 
tion are  sequelae,  and  from  them 
occur  disturbances  of  menstruation, 
increased  discharge,  the  sensation  of 
weight  and  bearing  down,  discom- 
fort in  standing  and  during  locomo- 
tion, and  pain  in  the  sacrum  and 
iliac  regions.  A  granulating  cervix 
may  be  the  cause  of  bleeding  following 
To  the  formation  of  cicatricial  tissue 
in  the  angles  of  the  tear  are  attributed  various  nervous  manifestations 
supposed  to  arise  from  the  nerves  pinched  by  the  scar  tissue.  Digital 
examination  discloses  an  enlarged  os  torn  on  one  or  both  sides,  or 
extensively  fissured  in  different  directions.  The  laceration  may  be 
slight — a  mere  enlargement  of  the  os  transversely  or  be  very  exten- 
sive, so  that  the  tissue  of  the  lateral  fornix  of  the  vagina  is  opened  on 
one  or  both  sides,  or  Assuring  may  be  recognized  in  the  anterior  or 


Fig.  149. — Extensive  Stellate  Lacer- 
ation ok  the  Cervix.     (Munde.) 


coition  or  digital  examination. 
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posterior  lips,  and  in  all  these  situations  at  the  same  time.  Without 
apparent  extensive  lateral  laceration  the  finger  may  pass  nearly  to  the 
internal  os.  The  cervical  lips  may  be  thin, — mere  folds  of  tissue 
formed  by  the  tears  without  hypertrophy, — or  they  may  be  enlarged 
and  the  lips  be  widely  separated.  The  heavy,  subinvoluted  organ 
drags  downward,  and  the  attachments  of  the  vagina  being  unantag- 
onized,  draw  the  lips  forward  and  backward;  the  tender  cervical 
mucosa  being  subjected  to  insult  and  injury  with  each  breath  the 
patient  draws,  with  every  exertion,  and  during  the  act  of  coition 
becomes  inflamed  and  thickened;  its  glands  become  obstructed  and 
form  retention  cysts.  The  efforts  of  nature  to  obviate  the  condition 
result  in  plastic  exudate,  granulation  tissue,  and  the  formation  of  a 
cicatricial  mass  by  which  the  lips  are  widely  everted.  In  such  a 
state  the  finger  reveals  the  lower  end  of  the  cervix  as  its  largest  portion, 
while  the  neck  above  is  small.  Occasionally  involution  will  take 
place  in  the  posterior  lip,  while  the  anterior,  in  the  axis  of  the  vagina, 
becomes  greatly  hypertrophied.  It  is  not  unusual  to  find  a  marked 
disproportion  in  size  between  the  two  lips.  The  increased  weight 
of  the  uterus  and  the  diminished  support  of  the  cervix  permit  the 
organ  to  drop  to  a  lower  level  and  form  the  first  stage  in  prolapsus. 
While  the  laceration  is  extensive  but  unilateral,  the  separation  of  the 
tear  causes  the  fundus  to  incline  toward  the  side  of  the  lesion,  and 
a  lateral  version  results.  The  everted  mucosa  and  its  thickening  by 
the  inflammatory  deposits  sometimes  so  obliterate  the  fissure  as  to 
cause  it  to  be  overlooked. 

Diagnosis. — The  finger  affords  the  best  means  of  recognizing 
the  lesion,  but  the  fact  that  a  Assuring  of  the  cervix  is  determined 
is  not  to  be  accepted  as  proof  positive  of  previous  pregnancy, 
for  a  congenital  separation  of  the  lips  can  exist  wThich  will  per- 
mit as  marked  e version  as  from  the  laceration.  -The  presence  or 
absence  of  changes  in  other  portions  of  the  genital  canal  will  be  con- 
firmatory of  the  diagnosis.  Its  extent  and  character  are  readily 
recognized  by  the  digital  examination.  The  latter  discloses  the 
amount  of  repair  which  has  been  accomplished,  the  extent  of  the 
cicatricial  changes,  the  condition  of  the  mucosa,  its  thickening,  ever- 
sion,  the  presence  of  the  distended  glands  of  Naboth,  the  spread-out 
cervix,  and  the  contracted  portion  above.  The  indurated  surface 
covered  writh  granulations  and  cysts  of  Naboth,  the  profuse  discharge 
with  offensive  odor  where  cleanliness  is  neglected,  and  the  bleeding 
from  slight  manipulation  lead  not  infrequently  to  the  diagnosis  of 
carcinoma.  Experience  has  shown  that  the  existence  of  laceration 
is  a  condition  favoring  the  development  of  carcinoma,  and  where 
the  diagnosis  cannot  be  determined  by  examination  and  inspection, 
a  section  of  the  tissue  should  be  excised  for  microscopic  investigation. 
In  excising  the  tissue  it  should  be  so  done  that  the  sections  for  examina- 
tion may  include  both  the  healthy  and  the  suspected  structures.  The 
extent  and  character  of  the  laceration  are  best  inspected  by  the  em- 
ployment of  a  Sims  speculum  or  a  retractor.     The  ordinary  bivalve 
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speculum,  by  its  traction  on  the  vaginal  walls,  either  exaggerates  the 
laceration  or  so  obscures  it  that  it  escapes  observation. 

Treatment. — The  immediate  repair  of  a  lacerated  cervix  is  not 
generally  practicable,  because  the  cervix,  directly  after  the  labor, 
is  so  spread  out  and  thinned  that  it  is  difficult  to  determine  the  extent 
of  the  lesion.  Where  the  perineum  is  also  lacerated,  the  better 
procedure  is  to  wait  five  or  six  days  after  the  delivery  and  then  repair 
both  the  cervix  and  the  pelvic  floor.  The  delay  has  the  double 
advantage  that  it  permits  the  structures  to  resume  to  some  degree 
their  normal  outlines,  and  if  there  has  been  any  doubt  as  to  the 
asepsis,  an  opportunity  has  been  afforded  for  its  manifestation  before 
the  parts  have  been  closed.  Operation  then  promotes  normal  involu- 
tion of  the  uterus  and  diminishes  the  danger  of  endometritis.  Small 
lacerations  are  likely  to  heal  if  the  surfaces  are  kept  aseptic.  Lacera- 
tions of  the  cervix  of  the  secondary  variety  come  much  less  to  operation 
than  formerly,  for  two  reasons:  first,  experience  has  taught  that  it 
is  better  not  to  repair  the  small  tears  because  drainage  is  impaired 
and  the  danger  of  sequelae  increased;  and,  second,  the  better  asepsis 
in  the  practice  of  obstetrics  promotes  the  repair  of  injuries  without 
operation. 

Care  must  be  exercised  in  the  selection  of  cases  for  operation,  as 
patients  with  tubal  or  peri-uterine  disease  are  prone  to  a  redevelop- 
ment of  the  inflammatory  condition  if  the  injured  cervix  is  repaired 
without  subjecting  the  abdominal  disorder  to  proper  treatment. 
Further,  the  cervix  should  not  be  repaired  without  the  treatment  of 
the  other  complications.  The  existence  of  various  complications,  as 
endometritis,  relaxed  and  lacerated  pelvic  floor,  and  displacements 
of  the  uterus,  has  been  referred  to,  and  their  presence  requires  the 
employment  of  measures  for  their  relief  as  complementary  to  the 
repair  of  the  cervical  lesion.  In  many  cases  the  operation  on  the 
cervix  should  be  preceded  by  local  treatment.  The  engorged  struc- 
tures should  be  depleted  through  repeated  scarification,  obstructed 
glands  punctured,  and  their  cavities  painted  with  iodin  to  accomplish 
their  obliteration;  the  uterus  should  be  raised  and  supported  by 
medicated  tampons,  preferably  with  a  preparation  of  glycerin,  which 
still  further  depletes  the  organ,  and,  by  maintaining  it  at  a  higher 
level,  promotes  the  involution.  No  laceration  of  the  cervix  exists 
for  a  length  of  time  without  producing  endometritis,  so  the  curet- 
ment  of  the  uterus  should  be  considered  a  necessary  part  of  the  opera- 
tive procedure. 

Trachelorrhaphy  or  hysterotrachelorrhaphy  was  the  operative 
procedure  devised  by  Emmet  for  the  repair  of  lacerated  cervix.  The 
patient  should  be  prepared  in  the  manner  indicated  for  the  curet- 
ment  of  the  uterus.  The  patient  being  in  the  lithotomy  position, 
the  cervix  is  exposed  by  the  Edebohls  speculum,  is  held  by  a  double 
tenaculum  in  each  lip,  and  with  a  scalpel  the  surfaces  to  be  denuded 
are  outlined.  Care  is  exercised  to  leave  a  strip  one  centimeter  wide 
in  the  center  of  each  lip  for  the  future  cervical  canal  (Fig.  150).     This 
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undenuded  portion  should  widen  slightly  at  the  outer  surface.  As 
far  as  possible  the  denudation  should  extend  equally  on  each  lip  and 
into  the  angles,  so  that  all  new-formed  tissue  is  removed.  This  bilat- 
eral denudation,  of  course,  applies  only  to  the  double  tear,  and  then 
only  when  the  laceration  is  an  extensive  one;  in  the  slighter  tears  it  is 
better  to  make  the  denudation  on  the  side  of  the  greater  depth  than 
to  denude  both  sides.  In  the  introduction  of  the  sutures  I  prefer  to 
insert  the  sutures  which  will  form  the  margins  of  the  new  os  first, 
and  then  remove  the  tenacula,  using  these  sutures  to  control  the 
cervix.  Placing  these  sutures  at  once  makes  sure  of  keeping  the  two 
lips  of  proper  length  (Fig.  151).  The  remaining  sutures  are  introduced 
about  three  millimeters  apart,  and  the  same  distance  from  the  edge 
of  the  wound  on  the  vaginal  surface,  brought  out  at  the  margin  of  the 
cervical  mucosa,  on  the  one  lip,  carried  into  the  opposite  lip  at  a  simi- 
lar point,  and  brought  out  on  its  vaginal  surface.  All  the  sutures  are 
introduced  before  any  are  tied,  the  lips  are  separated,  blood-clots 


Fig.  150. — Denudation   for  Repair  of  Bi- 
lateral   Laceration    of   the   Cervix. 

(Montgomery.) 


Fig.  151. — Bilateral  Laceration  of  the 
Cervix  and  Sutureh  Introduced  for 
Union  of  Denuded  Surfaces.  'Mont- 
gomery.) 


removed,  and  the  surfaces  united.  The  first  sutures  introduced  are 
the  last  tied.  The  ends  of  the  sutures  are  cut,  the  field  of  operation 
cleansed  and  a  pad  of  iodoform  gauze  placed  over  the  cervix.  The 
operation  requires  for  its  ready  performance  three  assistants  beside 
the  anesthetist,  two  of  whom  may  be  nurses.  The  following  sterile 
instruments  should  be  placed  in  a  tray  on  a  table  at  the  right  of  the 
operator:  a  scalpel,  curved  scissors,  long  rat-toothed  tissue  forceps, 
two  double  tenacula,  a  retraction  speculum  (Edebohls'),  six  hemo- 
static forceps,  a  needle-holder,  and  four  strong  curved  needles,  each 
threaded  with  silk,  to  serve  as  a  suture  carrier.  A  smaller  tray  will 
contain  the  suture  material.  An  assistant  on  either  side  can  hold  a 
leg  covered  with  a  sterile  sheet,  or  the  legs  can  be  secured  with  a  leg- 
holder.  The  assistant  to  the  operator's  right  attends  to  the  necessary 
sponging  and  holds  the  ligatures  attached  to  the  end  of  the  cervix 
when  the  sutures  are  introduced  on  the  right  and  during  the  tying 
of  the  same.  The  left  assistant  holds  the  tenaculum  in  the  anterior 
lip   during  the   denudation   and   manages  the   irrigation   tube.     The 
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tenaculum  hanging  from  the  posterior  lip  keeps  the  cervix  open; 
after  the  introduction  of  the  end  sutures  the  assistant  holds  these, 
while  the  left  sutures  are  introduced  and  tied.  The  third  assistant 
hands  sponges,  sutures,  and  does  such  other  work  as  may  be  demanded. 
The  sponges  may  consist  of  pads  of  sterile  gauze  or  sterile  absorbent 
cotton,  the  latter  wet  with  1 :  2000  sublimate  solution.  When  irriga- 
tion is  done,  the  hot  normal  salt  solution  is  preferable.  The  sutures 
may  be  sterile  silk,  silkworm-gut,  silver  wire,  or  chromic  catgut. 
I  prefer  the  latter  because,  in  the  majority  of  cases,  several  operations 
are  combined  in  which  the  pelvic  floor  is  also  restored,  and  the  removal 
of  non-absorbable  sutures  is  attended  with  so  much  difficulty  and 
discomfort  to  the  patient  that  it  seems  desirable  to  avoid  the  necessity 
for  removal  when  possible.  The  performance  of  the  operation  above 
described  is  not  desirable  in  every  case  of  laceration;  indeed,  is  of 
limited  application.  It  may  be  considered  as  indicated  in  recent 
laceration,  and  in  those  in  which  there  is  but  little  thickening  and 
slight  inclination  to  eversion  of  the  cervical  mucosa.  Where  such 
changes  are  marked,  the  operation  would  lead  to  an  obstructed  canal 
and  defective  drainage.     In  all  cases,  then,  of  marked  thickening 

and  eversion  of  the  mu- 
cosa, the  operation  of  choice 
should  be  that  of  amputa- 
tion. 

Amputation  of  the  Cervix. 
— The  cervix  may  be  ampu- 
tated by  the  double-flap  or 
the  single-flap  method.  The 
former  has  been  described 
under  hypertrophy  of  the 
cervix.  The  latter  method, 
also  known  as  Schroder's 
operation,  is  the  one  most 
frequently  chosen  in  lacerated 
cervix.  The  same  instru- 
ments and  a  similar  number 
of  assistants  are  required  as 
in  the  operation  for  lacera- 
tion. The  lips  of  the  cervix 
are  widely  separated,  and 
an  incision  is  carried  half 
through  the  cervical  wall, 
encircling  the  opening  of  the 
canal  at  the  summit  of  the 
laceration  (Fig.  152).  Below  this  incision  the  inner  surface  of  each 
lip  is  removed  to  the  junction  of  the  vaginal  and  cervical  mucous 
membranes,  at  the  site  of  the  original  os.  The  mucosa  of  the  cervix 
is  united  to  that  of  the  vagina,  front  and  back,  by  three  sutures  each, 
and  the  raw  surface  on  each  side  sutured  as  in  an  ordinary  operation 


Fio.  152. — Schroder's  Single-flap  Operation. 
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for  amputation.  This  procedure  removes  the  diseased  mucosa,  with 
as  slight  shortening  of  the  cervix  as  is  possible. 

Wounds  of  the  Uterus. — The  uterus  is  so  protected  in  its  situa- 
tion within  the  bony  pelvis  that  it  is  rarely  injured  unless  through 
operative  interference.  The  most  frequent  injuries  are  those  which 
occur  during  the  operation  of  curettage,  and  especially  the  removal 
of  portions  of  the  placenta  after  an  abortion.  The  walls  of  the  uterus, 
under  such  circumstances,  and  when  it  is  inflamed,  are  very  soft, 
and  puncture  may  occur  with  the  very  slightest  pressure — so  slight 
that  the  occurrence  of  the  injury  escapes  the  notice  of  the  operator. 
Perforation,  also,  occurs  during  abortion  when  practised  by  the 
victim  or  at  the  hands  of  another.  These  wounds  are  the  most 
dangerous  for  the  reason  that  they  are  generally  produced  without 
any  consideration  of  the  principles  of  asepsis,  and  the  case  comes 
under  the  observation  of  the  surgeon  when  the  development  of  the 
infection  makes  the  condition  desperate.  The  ease  with  which  per- 
foration occurs  in  emptying  the  uterus  after  abortion  makes  wise  the 
advice  to  employ  the  finger  as  a  guide  in  all  manipulation  of  instru- 
ments within  the  uterus  for  the  purpose  of  the  removal  of  fragments 
of  the  placenta.  Failure  in  observing  this  rule  has  caused  the  opera- 
tor, in  a  number  of  instances,  to  be  surprised  by  seeing  a  coil  of  intestine 
in  the  grasp  of  his  placental  forceps  at  the  external  os.  Perforation 
of  the  uterus  by  the  bougie  in  dilatation  of  the  canal,  where  the  con- 
ditions are  aseptic,  calls  for  no  especial  treatment.  It  has  been  my 
custom,  when  the  perforation  is  recognized,  to  pack  the  uterus  with 
iodoform  gauze  after  the  curettage,  and  not  to  use  the  flush  curette 
nor  to  mop  out  the  cavity  with  a  medicated  solution.  The  occurrence 
of  the  injury  exerts  no  influence  on  the  convalescence.  That  per- 
foration occurs  much  more  frequently  than  is  suspected  is  evident  from 
the  great  number  of  cicatrices  seen  in  the  fundus  when  the  abdomen 
is  opened  later  for  other  conditions. 

Rupture  of  the  uterus  is  an  accident  of  parturition,  although 
it  may  also  occur,  though  less  frequently,  during  pregnancy  and  in 
the  puerperium.  According  to  Edgar,  it  occurs  about  once  in  1000 
cases.  During  pregnancy  it  is  produced  by  rapid  stretching  of  the 
uterine  walls  or  from  cystic  degeneration  of  the  chorion.  In  the 
puerperium  it  occurs  from  sloughing  of  the  uterine  wall,  from  pro- 
tracted pressure  of  the  child's  head  during  the  labor,  and  from  a 
septic  dissecting  metritis.  In  the  Philadelphia  Hospital  I  had  a 
patient  who  lost  her  entire  fundus  from  this  cause. 

In  the  greater  number  rupture  occurs  during  parturition,  and  most 
frequently  on  the  left  side  and  the  posterior  wall.  The  left  lateral 
tear  is  likely  to  push  the  peritoneum  before  it,  so  that  the  cavity 
remains  unopened,  and  as  a  result  a  hematocele  may  form  which  is 
both  extra-uterine  and  extraperitoneal.  The  opening  varies  from 
the  size  of  the  finger-tip  to  one  which  will  permit  escape  of  the  fetus 
and  the  contents  of  the  uterus.  The  lesion  may  be  transverse,  involv- 
ing a  good  part  of  the  circumference  of  the  uterus,  or  longitudinal, 
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extending  into  the  vagina,  or  upward  to  the  fundus.  The  rupture 
may  be  incomplete  or  complete.  In  the  former  the  injury  involves 
the  muscular  layer;  in  the  latter,  it  extends  through  the  peritoneum. 
The  rupture  is  called  complicated  when  neighboring  viscera,  as  the 
bladder  and  intestine,  are  opened. 

Etiology. — The  causes  have  been  divided  into  the  predisposing 
and  exciting.  Among  the  former  may  be  considered  a  marked 
disproportion  between  the  size  of  the  child's  head  and  that  of  the 
pelvis,  stretching  of  one  side  of  the  uterus  by  a  transverse  position  of 
the  fetus,  as  in  a  shoulder  presentation,  narrowing  or  rigidity  of  the 
cervix  from  previous  operative  procedures,  the  scar  of  a  previous 
Cesarean  section,  obstruction  from  deformity  of  the  pelvis,  weakening 
of  a  part  of  the  wall,  and  a  rigid  ring  from  cancer  of  the  cervix.  It 
is  seven  times  more  frequent  in  multipara  than  in  primiparae.  The 
exciting  causes  are  the  injudicious  administration  of  ergot,  unskilful 
manual  and  instrumental  interference  with  labor. 

Symptoms. — In  a  woman  with  some  pelvic  deformity  or  obstruc- 
tion to  delivery  strong  tetanic  contractions,  suddenly  followed  by 
sharp  cutting  pain,  a  sound  of  tearing  tissue,  a  feeling  on  the  part  of 
the  patient  of  something  giving  way,  followed  by  profound  collapse 
and  all  the  symptoms  of  an  internal  hemorrhage,  are  characteristic. 
Collapse  is  not  always  present,  but  there  are  generally  symptoms  of 
peritonitis.  The  process  may  terminate  in  one  of  three  ways:  in 
contraction  and  closure  of  the  rupture,  in  rapid  death  from  internal 
hemorrhage  and  collapse,  or  in  retarded  death  from  the  development 
of  peritonitis  or  septicemia. 

Diagnosis. — The  fetal  heart-sounds  suddenly  cease.  Rupture 
of  the  uterus  is  generally  associated  with  the  death  of  the  fetus. 
Vaginal  palpation  discloses  that  the  presenting  part  has  partially  or 
completely  receded,  the  cord,  portions  of  the  omentum,  or  coils  of 
intestine  may  be  felt  at  the  external  os,  the  introduction  of  the  hand 
into  the  uterus  discloses  the  rent  in  the  uterine  wall,  which  may  be 
small  or  so  large  that  the  contents  of  the  uterus  have  escaped  into 
the  peritoneal  cavity.  Palpation  of  the  abdomen  in  such  cases  reveals 
two  bodies,  the  one  more  or  less  contracted — the  uterus — and  the 
other,  the  fetus  within  the  abdomen.  The  accident  is  always  of  the 
gravest  import,  and  demands  prompt  consideration. 

Treatment. — Edgar  divides  the  treatment  into  the  prophylactic 
and  the  curative.  The  former  consists  in  careful  watching  of  a  case 
presenting  conditions  favorable  to  rupture,  the  administration  of 
morphin  or  an  anesthetic  to  modify  the  severity  of  the  uterine  con- 
tractions, and,  where  the  conditions  do  not  give  promise  of  being 
readily  overcome,  for  the  interests  of  both  mother  and  child,  the 
Cesarean  operation  should  be  performed.  The  curative  treatment 
has  to  deal  with  the  case  after  the  occurrence  of  the  rupture,  and 
comprises,  first,  the  delivery  of  the  fetus  by  some  method,  podalic 
version,  forceps,  or,  when  dead,  craniotomy,  which  will  relieve  the 
tension  and  accomplish  the  delivery  most  easily.     Second,  careful 
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examination  of  the  site  and  extent  of  the  rupture.  Third,  when 
small  and  situated  low  down  in  the  uterus,  and  clots  and  meconium 
have  not  escaped  into  the  abdomen,  though  this  is  difficult  to  deter- 
mine, the  uterus  may  be  irrigated  with  salt  solution,  a  strip  of  iodoform 
gauze  carried  to  the  fundus,  and  ergot  administered.  The  patient 
should  be  carefully  watched  for  signs  of  peritonitis,  which  should 
be  considered  an  indication  for  abdominal  incision  and  drainage. 
Fourth,  in  large  ruptures  the  abdominal  cavity  should  be  opened  and 
the  fetus  and  placenta,  if  they  have  escaped  into  the  cavity,  removed. 
When  the  fetus  has  been  delivered  and  the  presence  of  a  large  rupture 
is  recognized,  the  patient  may  occasionally  recover  after  packing  the 
wound  and  the  uterus  with  gauze,  but  the  more  radical  procedure  of 
entering  the  cavity  with  the  knife  is  the  wiser  and  more  conservative 
plan.  The  method  of  procedure  must  be  decided  by  the  previous 
management  of  the  case.  If  it  has  been  thoroughly  aseptic,  the 
rough  edges  of  the  tear  may  be  trimmed,  and  the  opening  closed  with 
several  layers  of  catgut.  If  there  is  a  reasonable  probability  of  infec- 
tion, it  is  wiser  to  remove  the  uterus  by  the  Porro  operation. 

Cesarean  section  consists  in  the  delivery  of  the  fetus  through 
an  abdominal  and  uterine  incision. 

Indications. — This  procedure  may  be  considered  as  indicated 
whenever  there  exists  any  condition  on  the  part  of  the  mother  or 
child  which  will  produce  such  an  obstruction  to  delivery  as  will 
imperil  either,  the  child  being  viable.     They  are  classified  as  follows: 

1.  Pelvic  deformity.  2.  Uterine  neoplasms,  as  fibroids,  car- 
cinoma, etc.  3.  Vaginal  deformities,  such  as  marked  contraction 
from  scars  and  tumors.  4.  A  very  large  child.  5.  Eclampsia  with 
a  firm,  undilatable  cervix,  and  especially  when  complicated  with 
deformed  pelvis  or  placenta  praevia.     6.  Placenta  praevia. 

It  is  a  well-recognized  obstetric  axiom  that  a  conjugata  vera  of 
10  to  11  cm.  is  necessary  for  the  safe  delivery  of  a  normal  fetus,  and 
any  reduction  from  this  requires  resort  to  some  special  expedient. 
The  alternative  expedients  are  the  high  application  of  the  forceps, 
podalic  version,  symphysiotomy  or  its  modifications,  pubiotomy  or 
hebosteotomy,  craniotomy,  and  the  various "  modifications  of  the 
Cesarean  section.  Both  the  forceps  and  version  add  to  the  morbidity 
and  the  mortality  for  the  mother,  and  greatly  increase  the  danger  for 
the  offspring  in  contracted  pelves.  Symphysiotomy  and  its  modifi- 
cations, with  their  advantages  and  disadvantages,  will  be  discussed 
later.  Craniotomy  should  never  be  considered  when  the  child  has  a 
chance  for  life.  When  the  conjugata  vera  is  but  6.5  cm.  or  less, 
Cesarean  section  affords  the  only  hopeful  outlook  for  the  mother. 
General  contraction  of  the  pelvis  at  the  brim  or  outlet  is  equally 
disastrous,  and  demands  the  employment  of  special  means  to  accom- 
plish delivery.  In  late  years  the  employment  of  Cesarean  section  is 
regarded  as  proper  treatment  for  placenta  praevia,  especially  of  central 
implantation.  As  for  eclampsia,  it  may  be  safely  questioned  whether 
this  procedure  is  as  worthy  of  consideration  as  other  measures  which 
vol.  v — 31 
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will  be  discussed  later.  Cesarean  section  should  always  be  considered 
the  operation  of  choice  when  the  judgment  of  the  capable  obstetrician 
is  satisfied  that  it  affords  both  mother  and  child  the  best  prospects 
for  life. 

Time  for  Operation. — It  was  formerly  considered  time  for  the 
Cesarean  section  when  the  other  methods  had  failed  to  accomplish 
the  delivery,  but  the  mortality  of  the  operation  was  so  great  that  it 
became  manifest  that  the  educated  accoucheur  should  know  when  the 
patient  was  able  to  deliver  herself,  and  be  prepared  in  advance  to 
apply  the  measures  for  the  successful  management  of  the  individual 
case.  Reynolds,  after  a  careful  analysis  of  289  cases  by  20  different 
operators,  divides  the  cases  for  Cesarean  operation  into  three  classes, 
which  he  calls  primary,  secondary,  and  late.  (1)  Primary  include 
those  in  which  the  patient  is  subjected  to  operation  in  advance  of 
labor  or  at  its  very  beginning.  (2)  Secondary  sections,  those  per- 
formed after  a  certain  amount  of  labor  has  demonstrated  its  probably 
unsatisfactory  character,  but  before  exhaustion  has  set  in,  and  before 
it  has  been  definitely  established  that  the  natural  powers  will  fail  to 
effect  the  passage  of  the  brim.  (3)  Late  sections:  those  performed 
after  definite  arrest  of  the  head  at  the  brim.  The  value  of  early  opera- 
tion was  well  demonstrated  by  the  results  of  the  table  cited;  82  were 
operated  on  prior  to  the  beginning  of  labor,  with  one  death,  or  a 
mortality  between  1  and  2  per  cent.  One  hundred  and  fifty-eight 
were  operated  on  early  in  labor,  with  6  deaths — a  mortality  of  3.8  per 
cent.;  and  49  after  the  arrest  of  the  head  or  an  unduly  long  first  stage, 
with  6  deaths,  or  12  per  cent,  mortality.  Reynolds  reported  30  cases 
operated  on  by  himself,  without  a  death.  It  is  not  in  the  absence  of 
or  in  low  mortality  only  that  the  early  operation  is  of  advantage,  but 
in  the  lessened  anxiety  about  the  patient  occasioned  by  the  smooth 
and  uninterrupted  convalescence.  The  operator  is  able  to  choose 
the  time  for  the  operation  and  make  the  better  preparation. 

As  the  result  of  experience  in  a  New  York  Lying-in  Hospital 
McPherson  reports  30  sections  with  4  still  births,  a  fetal  mortality 
of  4.08  per  cent.  Of  the  entire  186  sections  performed  during  the 
eighteen  years  of  the  existence  of  the  hospital,  there  were  13  still 
births — a  mortality  of  6.9  per  cent.;  in  the  last  108  cases  there  were 
but  two  stillborn. 

Preparation. — The  bowels  and  bladder  are  emptied,  the  latter, 
if  necessary,  with  a  catheter.  The  vagina,  vulva,  and  the  abdomen 
are  carefully  scrubbed,  with  the  patient  on  a  suitable  operating  table 
and  covered  with  sterilized  towels. 

Instruments. — A  sharp  scalpel;  scissors,  straight,  curved,  and 
bent  on  the  side,  the  inferior  blade  probe-pointed;  a  dozen  hemostatic 
forceps;  tissue  forceps;  two  double  tcnacula;  needle-holder,  and  a 
number  of  suitably  curved  needles;  catgut,  chromicized,  No.  1  and  2, 
should  be  at  hand  in  a  tray  and  sterile  silk  and  silkworm-gut. 

Operation. — The  assistant  presses  the  uterus  against  the  abdominal 
wall  by  a  hand  on  either  side  of  the  abdomen,  while  the  operator  makes 
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an  incision  12  cm.  to  15  cm.  long,  terminating  about  5  cm.  above  the 
umbilicus.  The  uterine  incision  is  made  of  same  length;  gauze  pads 
or  preferably  a  long  gauze  pad  is  packed  between  the  abdomen  and 
the  uterus,  to  absorb  the  escaping  amniotic  fluid.     The  site  of  the 


Fig.  153. — Cesarean  Section.      (Edgar.) 

uterine  incision  should  be  made  with  reference  to  the  attachment 
of  the  placenta,  in  order  to  avoid  going  through  it.  Extensive 
observation  has  shown  that  the  attachment  of  the  placenta  has  the 
following  relation  to  the  position  of  the  fetus:  (1)  L.  O.  A.  the  placenta 
is  attached  to  the  posterior  and  the  right;  (2)  R.  O.  A.  to  the  posterior 
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and  the  left;  (3)  R.  0.  P.  to  the  anterior  and  to  the  left,  and  (4) 
L.  O.  P.  to  the  anterior  and  to  the  right.  The  hand  is  pressed  through 
the  membranes,  and  the  fetus  seized  by  the  feet  or  breech  and  rapidly 
extracted,  while  an  assistant  makes  pressure  on  the  uterine  arteries 
in  the  cervix.  The  umbilical  cord  is  cut  between  hemostatic  forceps, 
and  the  child  given  to  an  assistant,  who  proceeds  to  resuscitate  it  and 
establish  respiration  (Fig.  153).  During  this  time  the  first  assistant 
keeps  the  uterus  crowded  into  the  wound,  where  it  is  surrounded  with 
gauze  pads.  The  placenta  and  the  membranes  are  removed  with  the 
hand,  and  the  uterine  cavity  wiped  with  gauze.  If  the  uterus  is  well 
contracted,  the  sutures  are  at  once  introduced,  otherwise  it  should  be 


Fig.  154. — Cesarean  Section.     Closing  Uterus*. 

well  packed  with  gauze  and  pressure  made  against  it  from  the  outside. 
Interrupted  No.  2  twenty-day  chromic  catgut  sutures  are  introduced 
about  2  cm.  apart,  through  two-thirds  of  the  muscular  layer,  but  not 
into  the  mucous  membrane ;  a  second  row  of  sutures  between  these 
includes  a  portion  of  the  peritoneum  and  the  outer  third  of  the  muscu- 
lar layer.  After  these  two  layers  are  tied  and  the  ends  of  the  ligatures 
cut  short,  a  No.  1  continuous  catgut  suture  draws  the  peritoneum 
over  the  wound. 

Various  modifications  of  the  operative  technic  have  been  sug- 
gested, as  going  through  the  right  rectus  muscle  instead  of  the  middle 
line.     Sinclair,    after    closing   the     uterine    wound,     obliterates    the 
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vesico-uterine  pouch  and  brings  this  peritoneum  over  the  wound  to 
secure  adhesions.  Fritsch  advocates  a  transverse  incision  through 
the  fundus  for  the  delivery  of  the  fetus,  which  permits  the  closing 
sutures  to  be  inserted  vertical  to  the  vessels.  Frank,  of  Cologne, 
attempted  the  operation  extraperitoneally  by  a  transverse  incision 
through  both  the  abdominal  parietes  and  the  uterus  just  above  the 
pubes.  The  vesico-uterine  peritoneum  was  pushed  back,  and  the 
peritoneal  cavity  left  unopened.  Veit  followed  the  same  principle, 
except  that  he  made  a  vertical  incision  through  the  abdominal  wall, 
and  Selheim  employed  the  Pfannenstiel  incision.  It  was  not  always 
found  possible  to  push  up  the  vesico-uterine  fold,  so  all  these  operators 
have  made  the  transperitoneal  incision,  dissected  up  the  peritoneum 
from  the  front  of  the  cervix,  and  united  the  edges  of  the  cervical  and 
parietal  peritoneum  before  opening  the  uterus.  The  purpose  of  these 
procedures  has  been  to  avoid  infection  of  the  peritoneum,  as  it  is 
impossible  to  say  whether  the  individual  is  infected,  as  not  infrequently 
these  women  examine  themselves  or  have  the  examination  made  by 
a  companion.  It  is  always  wise  to  regard  the  patient  as  infected  who 
has  been  in  labor  for  some  time  without  aseptic  care,  or  where  repeated 
examinations  have  been  made  by  persons  whose  methods  are  doubtful. 
In  the  effort  to  prevent  the  infection  of  the  peritoneum  a  very  com- 
plicated wound  is  made,  which  opens  up  a  large  amount  of  connective 
tissue  which  is  less  resisting  to  infection  than  would  be  the  peritoneum. 

Abdominal-cervical  Cesarean  section  is  the  title  given  by  Pfannen- 
stiel to  the  procedure,  which  he  performs  as  follows:  A  transverse 
incision,  about  15  cm.  long,  is  made  at  the  level  of  the  anterior  superior 
iliac  spines  through  the  skin,  superficial  fascia,  and  aponeurosis,  and 
the  latter  separated  to  the  symphysis  and  umbilicus  respectively; 
the  recti  muscles  are  separated,  and  the  peritoneum  opened  for  10  cm. 
longitudinally.  Then  the  peritoneum,  carefully  guarded  by  sponges, 
is  opened  between  the  bladder  reflection  and  the  contraction  ring, 
and  the  vagina  opened.  If  the  operation  is  delayed  until  the  cervix 
is  dilated,  the  bladder  rests  directly  against  the  vagina,  and  it  is 
unnecessary  to  separate  it.  When  the  vesico-uterine  plica  is  still 
high,  it  should  be  cut  across,  and  with  the  bladder  stripped  down,  as 
in  hysterectomy.  The  child  is  extracted  by  lateral  pressure  or  by 
the  feet.  After  a  short  pause,  occupied  in  changing  the  pads,  the 
placenta  is  delivered  either  spontaneously  or  by  pressure  through 
the  abdominal  wall.     The  cervical  wound  is  sutured  in  two  layers. 

The  advantages  claimed  for  the  procedure  are:  (1)  (a)  The  proba- 
bility of  morbidity  and  mortality  is  diminished  because  the  uterus 
remains  in  situ  and  the  peritoneal  cavity  is  protected  from  contamina- 
tion, (b)  All  danger  of  hernia  is  eliminated,  (r)  The  patient  is  able 
to  leave  her  bed  as  early  as  the  third  day.  (2)  The  possibility  of 
hemorrhage  is  reduced  to  the  minimal  because — (a)  no  large  vessels 
are  incised,  and  (b)  the  detachment  of  the  placenta  is  left  to  nature. 

Vaginal  Cesarean  section  is  an  operation  devised  by  Duhrssen 
especially  for  rapid  delivery  in  eclampsia,  and  according  to  its  author 
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has  the  following  indications:  1.  Danger  to  the  life  of  the  mother, 
caused  by  abnormalities  of  the  cervix  uteri  and  of  the  lower  uterine 
segment  (carcinoma,  myoma,  rigidity,  stenosis,  partial  dilatation  of 
the  lower  uterine  section),  abnormalities  which  make  impossible  the 
dilatation  of  the  cervix  by  the  uterine  contraction  or  render  it  very 
difficult.  2.  Dangerous  conditions  of  the  mother,  imperiling  life, 
which  are  removed  or  moderated  by  evacuation  of  the  uterus  (diseases 
of  the  heart,  of  the  lungs,  and  of  the  kidneys,  premature  detachment 
of  the  placenta).  3.  Conditions  which  presumably  may  occasion  the 
mother's  death.  4.  Danger  to  the  life  of  the  child  without  the 
presence  of  danger  to  the  mother  at  the  same  time. 

Operation. — After  evacuation  of  the  bowels  and  bladder,  thorough 
cleansing  of  the  vulva,  vagina,  and  environment,  and  an  enema  of 
ergot,  a  perineovaginal  incision  is  made  on  the  right  side  in  primiparae. 
If  this  incision  is  carried  through  the  levator  ani  muscle,  a  large  fist 
can  be  carried  into  the  vagina,  and  the  parts  are  held  open  by  large 
retractors,  which  serve  to  control  hemorrhage,  thus  dispensing  with  the 
necessity  for  the  immediate  employment  of  ligatures.  The  cervix 
is  seized  and  drawn  down  by  a  double  tenaculum  on  each  side,  and 
threads  are  substituted.  The  posterior  lip  is  divided  to  the  vaginal 
attachment,  and  then  an  incision,  4  cm.  long,  made  in  the  posterior 
fornix,  and  the  peritoneum  bluntly  dissected  from  the  cervical  and 
corporeal  wall.  Similarly,  the  anterior  lip  and  vaginal  fornix  are 
divided  and  the  peritoneum  pushed  back.  The  anterior  and  posterior 
uterine  walls  are  further  split  with  scissors,  the  uterine  cavity  quickly 
entered  with  the  hand  grasping  a  foot,  and  the  fetus  rapidlydelivered. 
If  the  uterus  contracts,  the  spontaneous  delivery  of  the  placenta  may 
be  awaited,  otherwise  it  should  be  detached  manually  and  a  uterine 
tampon  of  gauze  inserted.  The  uterine  incisions  are  closed  with 
interrupted  catgut  sutures  tied  on  the  external  surface  of  the  organ, 
after  which  the  two  vaginal  wounds  are  closed  by  continuous  catgut 
sutures,  leaving  an  opening  in  each  near  the  uterus  for  a  gauze  drain. 
The  procedure  is  completed  by  closure  of  the  perineovaginal  incision. 
He  closes  the  vaginal  portion  with  catgut  and  the  perineum  with 
silkworm-gut  sutures.  This  operation  is  of  especial  value  in  eclampsia 
with  rigid  cervix,  and  in  cancer  of  the  uterus  where  the  delivery  can 
be  immediately  followed  by  the  removal  of  the  diseased  organ. 

Porro -Cesarean  section  is  an  alternative  operation  to  the  Cesarean 
section  when  the  child  is  alive,  and  is  a  supravaginal  hysterectomy. 
The  ordinary  Cesarean  section  may  be  repeated  several  times  on  the 
same  individual,  but  the  Porro  operation  is  a  mutilating  procedure, 
so  that  after  its  performance  further  procreation  is  prevented.  It  is 
to  be  preferred  to  the  Cesarean  when  the  patient  has  been  long  in 
labor,  and  the  uterus  has  become  so  bruised  as  to  render  its  retention 
dangerous  to  the  woman,  or  in  cases  in  which  infection  has  been 
introduced.  It  is  also  considered  as  indicated  in  the  destitute  and 
illegitimately  pregnant,  especially  when  suffering  from  tuberculosis 
or  cardiac  disease  and  delivery  has  to  be  accomplished  by  laparotomy. 
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The  necessity  for  operation  in  such  an  individual  should  entail  meas- 
ures to  prevent  its  recurrence. 

Operation. — The  abdominal  incision  and  the  delivery  of  the  fetus 
are  similar  to  those  in  Cesarean  section.  After  the  removal  of  the 
placenta,  the  uterine  cavity  is  packed  with  gauze,  the  uterus  brought 
out  of  the  wound,  and  the  intestines  packed  back  with  gauze,  the 
patient  being  in  the  Trendelenburg  position.  The  broad  ligaments 
on  each  side  are  clamped  with  twro  forceps  and  cut  between  them,  the 
round  ligament  likewise  clamped  and  cut;  the  peritoneum  in  front 
of  the  uterus  is  cut.  and  with  the  bladder  pushed  down  the  broad 
ligament  is  spread  out,  exposing  the  uterine  arteries,  which  are 
clamped,  and  the  cervix  cut  across  and  the  uterus  removed.  The 
clamped  vessels  are  now  ligated,  and  the  peritoneum  closed  over 
the  stump,  which  is  dropped  back  and  the  abdominal  wound  closed 
without  drainage.  In  the  original  Porro  operation  the  stump  was 
clamped  and  brought  out  at  the  lower  angle  of  the  wound  and  treated 
extraperitoneally.  The  prolonged  convalescence,  the  difficulty  in  main- 
taining an  aseptic  wound,  the  weakened  abdominal  wall,  increasing 
the  danger  of  hernia,  and  the  greater  discomfort  of  the  patient  have 
caused  this  method  to  be  discarded.  As  has  been  seen,  the  Porro 
procedure  is  advised  for  infected  cases,  but  it  has  the  objection  that  the 
portion  most  exposed  to  the  infection — the  cervix — is  retained. 
Hysterectomy  would  seem  the  wiser  procedure,  and  requires  only 
that  the  entire  cervix  shall  be  removed.  When  the  uterine  arteries 
are  cut,  the  uterus  should  be  drawn  to  one  side,  and  the  vagina  opened 
close  to  the  cervix,  and  the  latter  encircled.  Care  must  be  exercised 
not  to  injure  the  ureters,  which,  owing  to  the  size  of  the  cervix,  are 
more  likely  to  be  injured  than  in  ordinary  hysterectomy.  After 
ligating  the  vessels,  iodoform  gauze  may  be  packed  into  the  pelvis, 
the  end  projecting  into  the  vagina,  the  peritoneal  surfaces  are  closed 
over  the  packing,  and  all  ligated  stumps  turned  into  the  vagina. 

After-treatment. — The  subsequent  care  of  all  these  procedures  is 
very  similar:  rest  in  the  recumbent  posture,  careful  observation,  the 
early  evacuation  of  the  bowels,  and  gradual  recourse  to  feeding  when 
it  is  evident  that  nothing  abnormal  promises  to  mar  the  course  of  the 
convalescence.  The  vulva  should  be  kept  clean  and  have  a  continual 
aseptic  dressing.  If  the  patient  finds  herself  unable  to  evacuate  the 
bladder  the  employment  of  the  catheter  cannot  be  avoided,  but  the 
surfaces  should  be  sponged  with  sublimate  solution  after  every 
evacuation.  The  gauze  packing  should  be  removed  from  the  vagina 
on  the  fourth  or  fifth  day.  After  the  fourth  day,  it  is  well  to  elevate 
the  body  of  the  patient  to  promote  drainage,  and  in  all  cases  encourage 
the  patient  to  lie  on  either  side,  at  intervals  during  the  entire  con- 
valescence, instead  of  being  confined  to  the  back. 

Symphysiotomy  is  a  procedure  for  securing  increased  room  in  the 
pelvis  by  the  division  of  the  ligaments  forming  the  two  halves  of  the 
pelvis.  It  is  an  adjunct  to  other  methods  of  delivery,  as,  e.  g.,  the 
application  of  forceps  or  version.     It  is  indicated  with  a  true  con- 
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jugate  of  between  8.8  cm.  and  6.7  cm.,  or  supplemented  by  craniotomy 
where  the  conjugate  is  as  low  as  5.4  cm.  It  is  indicated  in  impaction 
of  the  pelvis  with  a  living  fetus,  in  brow  presentation,  in  funnel  pelvis, 
and  in  the  obstruction  from  kyphotic  pelvis  where  the  conjugate  is 
7.5  cm.  or  less.  It  is  of  doubtful  expediency  in  mentoposterior  posi- 
tions. The  entire  pelvis  must  be  considered  before  deciding  on  this 
operation.  As  it  increases  the  size  of  the  pelvis  at  the  outlet  as  well 
as  at  the  brim,  it  can  be  considered  as  indicated  in  the  funnel-shaped 
pelvis,  in  the  justominor,  and  in  the  normal  pelvis,  where  the  head 
of  the  child  is  of  excessive  size. 

Operation. — There  are  three  principal  methods  of  performing  the 
operation:  1.  The  French  or  open  method.  The  mons  veneris  is 
shaved,  and  after  proper  cleansing  of  the  surface,  an  incision,  8  cm. 
to  10  cm.,  is  made  in  the  median  line,  over  the  symphysis,  to  a  point 
terminating  just  above  the  clitoris.  The  insertion  of  the  recti  muscles 
is  partly  divided,  to  permit  the  introduction  of  the  finger  into  the 
prevesical  space.  The  symphysis  is  divided  by  a  few  strokes  of  the 
knife  from  above  downward  and  from  before  backward.  If  the 
separation  of  the  bones  is  insufficient,  it  can  be  enlarged  by  flexing 
the  legs  and  drawing  the  knees  gently  outward.  The  ligamentous 
mass  beneath  is  divided  last  of  all.  A  temporary  dressing  is  applied 
to  the  wound,  and  the  labor  is  allowed  to  progress.  Some  operators 
depend  on  subperiosteal  sutures  to  maintain  the  bones  in  apposition 
during  convalescence.  2.  The  Italian  or  suprapubic  method.  A 
transverse  incision,  3  cm.  long,  is  made  1  cm.  above  the  symphysis 
through  which  a  Galbiati  knife  is  passed  behind  the  symphysis  as  far 
as  its  lower  border,  and  with  a  slight  sawing  motion  cuts  through  the 
articulation.  Novi  uses  for  this  purpose  an  ordinary  bistoury,  while 
Spinelli  has  devised  a  special  symphysiotome.  Morisani  awaits  the 
spontaneous  expulsion  of  the  fetus,  and  if  this  fails  to  occur,  applies 
the  forceps.  3.  The  subcutaneous  or  American  method.  The  cervix 
is  fully  dilated,  the  urethra  and  the  bladder  are  held  to  one  side  with 
a  sound,  while  an  incision  is  made  a  little  above  the  subpubic  arch, 
and  beneath  the  elevated  clitoris,  through  which  a  small  tenotomy 
knife  is  passed,  in  front  of  the  joint,  and  followed  by  a  probe-pointed 
bistoury  carried  to  the  top  of  the  joint,  where  it  meets  the  point  of  the 
index-finger  of  the  left  hand,  introduced  into  the  vagina  to  guard  the 
incision.  The  knife  is  carried  down  through  the  articulation  until 
the  latter  is  felt  by  the  guarding  finger  to  give  way.  An  assistant 
presses  gauze  against  the  opening.  If  possible,  the  fetus  is  delivered 
by  forceps,  and  when  pressure  comes  against  the  pubic  bones,  the 
bladder  is  held  to  one  side.  After  the  completion  of  the  labor,  a  small 
piece  of  gauze  is  pressed  into  the  wound,  and  another  larger  strip  is 
carried  into  the  cervix.  The  vulva  is  kept  dressed  with  aseptic  gauze. 
The  pelvis  is  rendered  immobile  by  encircling  it  with  wide  strips  of 
adhesive  plaster.  The  operative  procedure  abounds  in  accidents,  and 
the  post-operative  complications  are  not  less  formidable.  Rubinrot's 
analysis  of  136  cases  showed  30  per  cent,  of  septic  accidents  and  ten 
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cases  died  of  sepsis.  Suppuration  of  the  wound  occurred  in  10  per 
cent.,  and  edema  of  the  vulva  in  an  equal  number.  Hematoma, 
abscess,  stitch  abscess,  fistulas,  permanent  separation  of  the  bones, 
lymphangitis,  cystitis,  incontinence  of  urine,  paresis  of  the  bladder, 
urinary  fistula,  bed-sores,  infective  myelitis,  neuralgias,  arthritis, 
and  disorders  of  the  sacro-iliac  synchondrosis  are  some  of  the  disasters 
charged  against  the  operation.  But  these  are  not  all.  Later,  there 
may  be  disturbance  of  the  gait  from  permanent  separation  of  the 
symphysis,  sacro-iliac  disease,  discharge  of  bony  sequestra,  urinary 
incontinence,  and  fistulas,  vesical  paresis,  cystitis,  and  sepsis.  The 
mortality  in  the  136  cases  was  11  per  cent. — 15  deaths,  13  from  sepsis 
and  2  as  a  direct  result  of  the  operation.  The  infantile  mortality  was 
19  deaths,  or  14  per  cent. 

Pubiotomy,  Hebotomy,  or  Hebosteotomy,— This  procedure  was 
devised  by  Gigli  in  1893,  to  avoid  the  dangers  incident  to  the  operation 
of  symphysiotomy,  and  was  first  performed  by  Bonard,  of  Lugano, 
in  1897.  Gigli  insisted  on  two  important  points:  first,  that  the 
incision  must  be  outside  the  articulation  of  the  symphysis;  second,  it 
must  be  external  to  the  pubovesical  ligament,  and  lie  entirely  in  bone 
instead  of  fibrocartilage.  The  thumb  and  index-finger  of  the  left  hand 
are  placed  above  and  below  the  symphysis  pubis  and  the  incision  made 
to  the  right  of  them  through  all  the  tissues  to  the  bone.  With  two 
fingers  in  the  vagina  to  guide  its  course,  a  blunt  needle  is  carried 
behind  the  bone.  The  thread  carried  by  the  needle  serves  to  draw 
through  a  wire  saw  by  which  the  bone  is  cut  through  and  the  operation 
thus  finished.  Doderlein  modified  the  operation  by  substituting  his 
subcutaneous  method.  A  small  incision  is  usually  made  over  the  left 
pubic  tubercle,  through  which  a  blunt  curved  needle  of  special  design 
is  carried  behind  the  bone  to  a  counter-opening  on  the  labium  majus, 
followed  by  the  Gigli  saw,  by  which  the  bone  is  severed.  Walcher 
and  Bumm  puncture  the  skin  with  the  needle,  and  pass  it  with  the 
guidance  of  the  finger  in  the  vagina. 

The  situation  of  the  incision  lessens  the  injury  to  the  soft  parts 
in  the  delivery,  and  thus  makes  the  operation  an  advance  over  the 
operation  of  symphysiotomy.  Of  294  cases  of  pubiotomy  collected 
by  Doderlein,  77  were  treated  by  the  open  method,  with  a  maternal 
mortality  of  10  per  cent.;  the  remainder  were  by  the  subcutaneous 
method,  with  a  mortality  of  4  per  cent.  Sarwey  reported  120  cases  of 
hebotomy,  with  a  mortality  of  but  2.5  per  cent.,  while  in  216  cases  of 
symphysiotomy  the  mortality  was  12.8  per  cent. 

It  would  seem  that  a  careful,  though  hasty,  consideration  of  the 
operation  of  Cesarean  section,  with  the  alternative  procedures,  cannot 
but  impress  the  conscientious  practitioner  with  the  value  of  the 
former  procedure.  It  is  applicable  to  every  form  of  obstruction, 
while  the  substitute  procedures  have  their  limitations.  Even  in 
hebotomy,  which  is  a  great  advance  over  the  incision  through  the 
symphysis,  in  a  small  and  rigid  vagina,  tearing  is  very  likely  to 
communicate  with  the  section  through  the  bone,  greatly  increasing 


490  SURGERY    OF   THE    FEMALE    GENITOURINARY    ORGANS. 

the  danger  of  infection  and  prolonged  convalescence  As  we  have 
seen,  hebotomy  in  the  hands  of  careful  men  may  have  a  maternal 
mortality  as  low  as  2.5  per  cent.,  and  a  fetal  mortality  of  only  7  per 
cent.,  but  Cesarean  section  in  the  same  hands  will  show,  when  done 
prior  to  the  beginning  of  labor,  a  maternal  mortality  of  1.2  per  cent., 
and  a  fetal  mortality  of  but  1  per  cent. 

Uterine  Displacements.— The  uterus,  like  the  other  viscera  of 
the  body,  has  a  certain  range  of  mobility,  but  has,  in  addition  to  the 
peritoneal  and  vascular  support,  elastic  or  muscular  ligaments.  The 
relation  of  the  axis  of  the  pelvis  to  that  of  the  abdominal  cavity,  the 
position  of  the  uterus  in  relation  to  the  axis  of  the  vagina,  the  direction 
of  the  latter,  and  the  arrangement  of  the  musculature  of  the  pelvic 
floor  are  all  factors  in  the  maintenance  of  the  uterus  in  its  proper 
relation.  As  the  uterus  changes  its  position  with  every  inspiration 
and  expiration,  with  the  varying  movements  of  the  body,  with  the 
empty  or  distended  condition  of  the  neighboring  viscera,  it  is  neces- 
sarily difficult  to  define  what  is  the  normal.  The  uterus  is  swung 
between  the  rectum  and  the  bladder,  occupying  the  axis  of  the  pelvis, 
at  right  angles  to  the  axis  of  the  vagina,  its  fundus  reaching  to  or  a 
little  above  a  line  drawn  from  the  promontory  of  the  sacrum  to  the 
symphysis  pubis,  and  the  body  slightly  flexed  forward  on  its  cervix. 
Any  continued  deviation  from  this  position  must  be  considered  a 
malposition. 

Classification. — The  uterus  can  be  displaced  upward,  downward, 
forward,  backward,  and  laterally.  The  classification,  then,  includes 
ascent,  descent,  dislocations,  versions,  flexions,  and  inversion. 

Ascent. — Quite  naturally  the  uterus  cannot  be  displaced  upward 
unless  as  the  result  of  adherent  growths,  which  become  so  large  that 
they  can  no  longer  find  accommodation  within  the  pelvis,  and,  as 
they  ascend,  draw  the  adherent  uterus  with  them.  It  may  be  pushed 
up  by  a  collection  of  material  in  the  pelvis.  The  condition  requires 
no  consideration  or  treatment  beyond  that  demanded  by  the  compli- 
cation. 

Descent  or  prolapsus  uteri  is  probably  the  most  frequent  form  of 
uterine  displacement,  and  occurs  in  both  the  nulliparous  and  the 
multiparous  woman,  but  with  much  greater  frequency  in  the  latter. 
According  to  its  extent  it  presents  three  degrees:  First,  when  the 
organ  is  situated  at  a  lower  level  in  the  pelvis,  frequently  in  the 
position  of  retroversion;  second,  when  the  os  or  a  portion  of  the  cervix 
protrudes  from  the  vagina,  and  the  third,  when  the  uterus,  with  or 
without  the  vagina,  is  situated  outside  the  vulva.  The  displacement 
may  be  divided  into  the  incomplete  and  the  complete;  the  projection 
of  the  third  degree  is  a  complete  prolapsus,  and  is  also  known  as 
procidentia.  The  condition  is  also  divided  into  three  varieties, 
according  to  its  relations,  as  the  uterovaginal  prolapse,  when  accom- 
panied by  nothing  more  than  the  portion  of  the  vagina  normally 
enveloping  it;  vagino-uterine  prolapse,  when  preceded  by  the  vagina 
in  the  form  of  partial  or  complete  inversion  of  that  canal;  and  third, 
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pseudoprolapsus,  when  the  cervix  or  os  projects  at  the  vulva,  and 
examination  reveals  that  the  projecting  portion  is  confined  largely 
to  the  intra  vaginal  portion  of  the  cervix,  which  has  undergone  hyper- 
trophy. In  the  second  variety  the  prolapse  of  the  vagina  is,  for  the 
most  part,  confined  to  the  anterior  wall,  and  the  examination  of  a 
mass  which,  from  inspection,  would  be  regarded  as  a  complete  pro- 
lapse, will  be  found  to  be  a  hypertrophic  elongation  of  the  supra- 
vaginal portion  of  the  cervix. 

Etiology. — Prolapsus  is  most  frequently  a  sequel  of  parturition. 
The  conditions  productive  of  prolapsus  may  be  divided  into  those 
causing  decreased  support,  as  laceration  of  the  pelvic  floor,  over- 
stretching of  the  musculature  from  repeated  parturition,  divulsion 
of  the  levator  ani  muscles,  permitting  a  hernia  of  the  subjacent 
tissues,  a  general  loss  of  muscular  tone,  and  a  diminished  inclination 
of  the  pelvis,  which  permits  the  intra-abdominal  pressure  to  be  more 
directly  applied  to  the  uterus.  Second,  increased  weight  of  the 
uterus,  as  in  subinvolution  of  the  organ,  the  presence  of  growths  within 
its  walls,  and  changes  resulting  in  chronic  inflammation.  Third, 
increased  intra-abdominal  pressure.  This  may  be  produced  by 
growths  within  the  abdominal  cavity  which  so  distend  the  cavity  that 
the  movable  viscera  are  displaced  as  a  hernia,  the  accumulation  of 
large  quantities  of  fat  in  the  omentum  and  mesentery,  more  fre- 
quently neglect  of  proper  hygiene,  straining  at  stool  from  obstinate 
constipation,  lifting  heavy  weights,  the  effort  to  continue  the  same 
waist  measurement  notwithstanding  an  accumulation  of  fat.  The 
woman,  as  a  rule,  does  not  understand  that  there  must  be  a  compen- 
satory displacement  of  the  viscera  when  she  vehemently  contracts 
her  stays,  and  thus  hopes  to  conceal  the  gradual  accumulation  of 
adipose  tissue.  Not  infrequently  the  displacement  is  expedited  by 
the  presence  of  the  three  classes  of  forces  mentioned. 

Symptoms  and  Signs. — The  patient,  generally  a  woman  who  has 
given  birth  to  one  or  more  children,  complains  of  a  sensation  of  weight 
and  pressure  or  dragging  when  standing  or  walking,  a  burning  in  the 
bladder,  and  a  feeling  that  all  her  viscera  are  about  to  drop  through 
the  pelvis.  As  the  condition  progresses  the  patient  recognizes  that 
there  is  a  pressure  on  the  vulvar  opening,  and  at  times  a  protrusion 
which  gradually  becomes  larger  and  more  persistent  when  she  is  on 
her  feet.  The  protrusion  disappears  when  she  lies  down,  and  is 
greatly  increased  by  straining  or  lifting.  Neglect  of  the  condition 
results  in  the  continuous  protrusion  from  the  vulva  of  the  greater 
part  of  the  vagina  and  the  entire  uterus.  The  tumor,  thus  protruded, 
rubs  against  her  legs,  against  the  clothing,  is  soiled  and  irritated  by 
contact  with  the  urine,  and  its  vitality  lessened  by  the  engorgement 
from  interference  with  the  circulation.  Not  infrequently  extensive 
ulcers  or  gravity  sores  form,  which  greatly  add  to  the  discomfort. 
Occasionally  I  have  seen  epithelioma  develop  on  the  protruding  mass. 
The  exposure  of  the  vagina  causes  its  surface  to  become  dry  and  hard, 
covered  with  scales  of  desquamating  epithelium,  its  walls  thickened 
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and  indurated,  making  replacement  of  the  organ  difficult.  The 
extensive  prolapsus  causes  increasing  disturbance  of  the  bladder;  a 
portion  of  this  reservoir  comes  to  lie  below  the  level  of  the  internal 
orifice  of  the  urethra,  and,  as  a  consequence,  is  emptied  only  when  the 
protruding  portion  is  pushed  back.  The  retained  urine  soon  under- 
goes ammoniacal  decomposition,  producing  cystitis,  increased  forma- 
tion of  mucus,  and  deposits  of  the  urine  salts,  which  often  result  in  the 
formation  of  calculi.  I  had  under  observation  for  a  considerable 
length  of  time  a  patient  who,  unwilling  to  submit  to  operative  inter- 
ference, had  a  calculus  form  in  such  a  sulcus  every  six  months. 

Diagnosis. — Women  regard  every  protrusion  from  the  vulva  as 
falling  of  the  womb,  and  in  the  majority  of  cases  this  will  be  correct. 
If  the  patient  is  placed  in  the  dorsal  position  and  directed  to  strain, 
the  protrusion  can  be  recognized,  and  its  position  will  determine  its 
character.  If  the  protrusion  is  rounded,  smooth,  continuous  with 
the  line  of  the  urethra,  and  with  or  without  the  cervix  and  os  at  its 
most  dependent  portion,  it  is  denominated  a  cystocele.  The  finger 
introduced  into  the  vagina  passes  behind  the  protruding  mass.  When 
accompanied  by  the  cervix,  the  condition  is  generally  associated  with 
hypertrophic  elongation  of  the  supravaginal  portion  of  the  cervix. 
The  protruding  tumor  in  some  cases  may  be  seen  to  involve  the 
posterior  vaginal  wall,  and  is  continuous  with  the  posterior  vulvar 
commissure,  when  this  still  exists,  and  is  known  as  a  rectocele.  Both 
the  rectocele  and  the  cystocele  may  coexist,  and  when  associated  with 
the  presence  of  the  uterus,  the  condition  may  be  known  as  vagino- 
uterine  prolapse.  Occasionally  the  protrusion  from  the  vulva  is  a 
more  or  less  enlarged  cervix.  When  examination  discloses  that  the 
cervix  is  not  elongated,  but  that  the  protruding  mass  is  the  uterus, 
the  condition  becomes  a  uterovaginal  prolapse.  If,  on  the  other  hand, 
the  protrusion  is  found  to  be  an  elongation  of  the  intravaginal  portion 
of  the  cervix,  and  the  body  of  the  organ  is  but  slightly,  if  any,  displaced, 
it  is  called  a  pseudoprolapsus.  The  visual  appearance  of  the  latter 
does  not  differ  from  that  of  prolapse  of  the  second  degree.  The 
existence  of  prolapsus  of  the  third  degree  is  determined  by  grasping 
the  protruding  tumor  between  the  thumb  and  fingers  of  one  hand,  or 
placing  the  fingers  of  one  hand  behind  the  mass,  and  pressing  against 
the  neck  of  the  tumor  with  the  fingers  of  the  other.  In  the  procedure 
the  uterus  in  complete  prolapse  will  be  within  the  hand  in  the  first 
instance,  and  below  the  fingers  in  the  other.  In  both  instances  the 
round  cord  of  the  elongated  cervix  will  be  felt  to  roll  between  the 
fingers  in  incomplete  prolapse.  Complete  prolapse  is  known  as  pro- 
cidentia. Inversion  of  the  uterus,  fibroid  polypi,  and  tumors  of  the 
vagina  are  sometimes  mistaken  for  prolapsus,  but  a  careful  examina- 
tion by  the  introduction  of  one  or  two  fingers  in  the  vagina  and  the 
hand  over  the  abdomen  should  leave  no  question  as  to  the  exact 
condition  present. 

Treatment.— The  treatment  of  prolapsus  may  be  prophylactic, 
mechanic,  and  operative.     The  prophylactic  consists  in  the  correction 
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of  the  conditions  productive  of  the  lesion,  and  in  some  cases  must, 
to  a  certain  extent,  be  operative.  It  involves  the  immediate  or  early 
repair  of  lacerations  of  the  cervix,  vagina,  and  perineum,  if  injured 
during  labor;  the  regulation  of  the  bowels  and  the  avoidance  of  causes 
productive  of  severe  downward  pressure,  as  lifting  and  straining, 
proper  regulation  of  the  clothing  in  order  to  decrease  the  intra- 
abdominal pressure,  and  the  correction  of  uterine  displacement, 
especially  the  retrodisplacements.  The  mechanic  treatment  consists 
in  replacing  the  organ  and  the  employment  of  measures  to  prevent 
the  return  of  the  displacement.  The  instrument  most  frequently 
employed  is  some  form  of  pessary,  which  acts  either  by  so  distending 
the  vagina  that  the  instrument  is  supported  by  the  lower  vaginal 
structures,  or,  where  these  are  insufficient,  some  external  support  in 
the  form  of  a  stem  secured  to  a  belt  about  the  wyaist.  Where  the 
pelvic  floor  is  destroyed  or  vagino-uterine  prolapsus  exists,  the 
external  support  is  the  only  one  wrhich  can  be  retained.  The  pessary 
with  external  support  is  always  a  source  of  irritation  both  at  the  vulva 
and  the  cervix,  while  the  rubber  tubes  or  bands  become  foul  and 
produce  a  certain  amount  of  disagreeable  odor.  Pessaries,  whether 
ring,  disc,  hard  rubber,  or  glass  ball,  or  the  variously  curved  instru- 
ments, are  often  wrorn  for  years  and  serve  the  purpose  of  rendering 
comfortable  patients  otherwise  unfavorable  for  operation  or  unwilling 
to  submit  to  such  a  procedure.  After  the  instrument  is  worn  for  a 
time  it  produces  an  irritation  of  the  vaginal  wall  which  leads  to  a 
chronic  inflammation  of  the  structures  and  contraction,  which  serves 
to  retain  the  organ  in  place,  especially  after  the  reduction  in  its  size 
following  the  maintenance  in  a  'higher  position.  At  other  times  the 
increased  secretion  causes  a  deposit  of  the  salts  on  the  surface  of  the 
pessary,  which  roughens  it  and  leads  to  ulceration  and  the  formation 
of  granulations.  The  irritation  thus  produced  will  not  infrequently 
lead  to  a  pessary  becoming  embedded  in  the  vaginal  walls.  When 
pessaries  were  frequently  employed,  it  was  a  not  unusual  experience 
to  be  required  to  remove  a  pessary  that  had  been  worn  for  years  and 
had  produced  so  much  contraction  that  it  was  difficult  to  displace  it. 
Care  had  to  be  exercised  in  the  use  of  instruments  to  prevent  the 
glass-ball  pessary  from  being  broken.  The  breaking  of  such  a  pessary 
has  led  to  puncture  of  the  bladder  by  the  fragments  and  the  production 
of  a  vesicovaginal  fistula.  When  the  late  Dr.  Levis  had  this  accident 
occur,  he  filled  the  vagina  with  plaster-of-Paris,  and  when  the  plaster 
had  completely  hardened,  enveloping  the  glass  fragments,  he  then 
delivered  the  mass  without  injury  to  his  patient.  I  have  delivered 
several  such  pessaries  by  carrying  two  fingers  of  one  hand  into  the 
rectum  over  the  pessary,  by  which  it  was  crowded  against  the  outlet 
of  the  vagina,  while  the  latter  was  stretched  with  the  remaining 
fingers  until  the  pessary  was  delivered.  The  pessary  is  to-day  rarely 
used — so  rarely,  indeed,  that  the  profession  does  not  realize  its  possi- 
bilities. When  it  is  worn,  the  patient  should  have  an  occasional 
examination  to  see  that  the  instrument  is  doing  no  injur}-.     While 
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it  is  important  to  keep  the  parts  clean,  the  vagina  should  not  be 
irrigated  with  solutions  of  the  mineral  astringents,  for  fear  of  the 
material  being  deposited  on  the  surface  of  the  pessary  and  thus  making 
it  a  source  of  irritation. 

Operative  Treatment. — The  operative  measures  for  the  relief  of 
prolapsus  must  be  based  on  the  causes  of  the  displacement;  hence 
the  first  consideration  is  the  decrease  of  the  size  of  the  organ.  If  the 
seat  of  chronic  inflammation,  the  uterus  is  curetted,  a  long  or  inflamed 
cervix  is  amputated,  and  the  cervical  and  vaginal  mucosa  united  to 
prevent  stenosis  of  the  canal.  If  the  cervix  has  undergone  elongation 
of  its  supravaginal  portion,  the  bladder  should  be  dissected  away  from 
the  cervix  to  the  peritoneum  or  above  it,  and  a  good  part  of  the  cervix 

amputated,  after  which  the 
bladder  should  be  attached 
to  the  uterus  above  the  neck. 
The    anterior  vaginal    wall 
should    be   resected    trans- 
versely for  the  space  of  2  or 
3  cm.  in  the  center  of  the 
protrusion,   thus    removing 
an  elliptic  section,  extend- 
ing from   just    behind   the 
urethra  to  the  upper  border 
of   the   vagina.      The   first 
suture   is   introduced   from 
the  mucous  surface  of  the 
upper  edge  of  the  vagina, 
then  through    the   edge   of 
the    cervical    mucosa    back 
through  it,  5  cm.  from  the 
point  where  it  emerged,  and 
then     through    the    upper 
edge  of  the  vaginal  section 
again,   on    the    right;    the 
tying  of  this  suture  unites 
the    vaginal    and     cervical 
mucosa;  sutures  are  then  in- 
serted in  the  anterior  lip  on 
either  side  of  this  anchor  suture,  the  posterior  flaps  are  united,  and 
then  the  lateral  angles  are  closed.     The  next  step  is  to  close  the  edges 
of  the  resected  surface  on  the  anterior  wall,  each  suture  gathering 
up  a  portion  of  the  bladder  to  guard  against  dead  spaces  and  to  raise 
up  the  bladder.     Where  the  woman  has  passed  the  climacteric,  this 
operation   can  be   modified .  by  opening  through  the  vesico-uterine 
peritoneum,  and,  after  drawing  down  the  fundus,  suture  the  vesical 
portion  of  the  peritoneum  to  the  fundus,  or  even  to  its  posterior  sur- 
face.    When  the  fundus  uteri  is  pushed  back,  it  holds  up  the  bladder 
and  is  itself  prevented  from  reassuming  a  retroverted  position.     Such 


Fig.  155.— Prolaphus.  Anterior  Colporrhapht. 
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a  procedure  would  be  reprehensible  prior  to  the  climacteric,  as  the 
position  and  fixation  of  the  uterus  would  greatly  complicate  a  subse- 
quent gestation  and  labor.  The  measures  so  far  advised  only  in  part 
restore  the  desired  support.  The  next  step  is  the  restoration  of  the 
posterior  segment  of  the  pelvic  floor  as  the  support  for  the  anterior. 
Beginning  at  the  remnant  of  the  caruncula  myrtiformes  on  the  left 
side,  an  incision  is  carried  around  the  vulva  at  the  junction  of  the 


Fia.  156. — Fundi*  Dkawn  Forward  and  Peritoneum  of  Bladder  Sutured  Behind  it. 


vaginal  mucous  membrane  with  the  skin,  to  a  point  opposite  on  the 
right  side.  An  opening  is  made  between  the  vagina  and  rectum  until 
it  has  been  carried  to  a  point  corresponding  to  the  summit  of  the 
posterior  eversion  of  the  vagina.  This  flap  is  held  while  sutures  are 
introduced  beneath  it,  picking  up  the  levator  ani  muscle  on  each  side 
and  drawing  them  to  the  median  line.  These  sutures  also  pick  up 
the  rectal  wall  and  the  inner  surface  of  the  anterior  or  vaginal  flap, 
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and,  after  they  are  tied,  the  edges  of  the  wound  are  united  by  a  con- 
tinuous catgut  suture  which  completely  buries  the  previous  sutures. 

The  operation  completed  has  narrowed  the  vagina  from  side  to 
side,  and  brought  together  in  front  of  the  rectum  a  good  layer  of  the 
levator  ani  muscles,  and  thus  insured  a  good  muscular  floor.  Where 
this  operation  has  been  performed  as  described,  for  the  majority  of 
the  patients  who  have  passed  the  climacteric  nothing  more  need  be 
done,  but  in  some  cases  the  intra-abdominal  pressure  is  not  sufficiently 
antagonized,  and  it  is  necessary  to  open  the  abdomen  and  shorten  the 


Fig.  157. 


-HYhTEHECTOMY    IN    PrOLAPBUB,    WITH    OUTLINE  OF    INCISION    IN    ANTERIOR    VAGINAL 

Wall. 


ligaments  to  secure  the  patient  from  the  redevelopment  of  the  con- 
dition. The  round  ligaments  may  be  shortened,  or  the  operation  of 
ventrosuspension  be  done,  both  of  which  will  be  described  later. 
Where  marked  prolapsus  has  existed,  this  operation  results  sooner  or 
later  in  the  uterus  dragging  from  its  anchorage,  be  it  the  liga- 
ments or  an  artificial  one  constructed  by  the  suspension  or  even 
fixation.  In  such  cases  it  is  wiser  to  anchor  the  cervix  by  dragging 
up  the  posterior  uterine  pouch  and  suturing  its  peritoneal  surface, 
and  thus  draw  the  cervix  upward  and  backward.     When  it  can  be 
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done,  it  is  better  to  retain  the  uterus  in  prolapse  and  utilize  it  to 
prevent  subsequent  hernia  through  the  vaginal  canal.  I  have  seen 
just  as  large  protrusions  from  the  vagina  subsequent  to  hysterectomy 
as  when  the  uterus  formed  the  principal  part  of  the  mass.  Numerous 
cases  will  occur,  however,  in  which,  because  of  suspicion  of  malignancy, 
the  presence  of  gravity  sores,  extensive  hypertrophy  and  laceration 
of  the  cervix,  the  removal  of  the  uterus  will  be  properly  considered 
the  wiser  course.  The  operation  is  performed  as  follows:  Beginning 
behind  the  urethra,  an  elliptic  incision  is  carried  over  each  side  of  the 
front  of  the  vagina  and  around  the  cervix.  The  flap  thus  outlined  is 
dissected  from  the  anterior 
wall  of  the  vagina,  exposing 
the  bladder;  the  latter  is 
separated  from  the  cervix 
to  the  peritoneal  reflection. 
The  lower  part  of  the  broad 
ligament  is  separated  from 
the  cervix,  and  the  uterine  ar- 
teries, if  severed,  are  clamped 
and  ligated.  A  suture  liga- 
ture is  inserted  into  each  side 
of  the  vagina  nearest  to  the 
point  where  the  latter  was 
separated  from  the  anterior 
portion  of  the  cervix  and  se- 
cured by  a  clamp  forceps. 
The  anterior  peritoneum  is 
opened  and  the  fundus  uteri 
brought  through  the  opening. 
Where  possible,  the  ovary  and 
tube  are  included  on  each 
side,  and  the  ligament  ligated 
above  the  appendages,  after 
which  a  clamp  forceps  is  ap- 
plied above  the  ligature.  The 
ligature  thus  inserted  and  tied 
secures  the  ovarian  artery  on 
either  side.  The  remaining 
portion  of  the  ligament  is  cut, 
keeping  watch  for  bleeding  vessels.  The  edges  of  the  peritoneum  and 
the  posterior  wall  of  the  vagina  are  united  by  sutures.  At  the  point  of 
the  temporary  suture  on  the  left  side  of  the  vagina  a  suture  is  carried 
through  the  vaginal  flap,  picks  up  the  peritoneum,  passes  back  through 
it  5  cm.  to  the  right,  and  is  brought  out  through  the  right  flap  at  the 
site  of  the  other  temporary  suture  and  tied,  while  the  peritoneum  is 
joined  to  the  vagina  by  sutures  on  either  side  of  this  suture.  At  the 
left  angle  of  the  vagina  a  suture  is  carried  through  both  the  vaginal 
and  peritoneal  structures,  the  broad  ligament  held  down  by  forceps, 
vol.  v— 32 


Fig.  158. — Method  of  Closing  the  Wound.  Forma- 
tion of  Anteriok  Wall,  Perineum  Secured 
to  the  Vaginal  Mixour  Membrane,  Peri- 
toneal Cavity  Closed  by  Purhe-btring  Su- 
ture. 
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and  through  the  posterior  folds  of  peritoneum  and  the  vaginal  wall. 
A  similar  suture  is  carried  through  the  structures  on  the  right  side, 
and  both  are  tied.  While  traction  is  made  on  the  stumps  and  sutures 
uniting  the  vaginal  and  peritoneal  surfaces,  the  opening  is  encircled 
by  a  purse-string  suture  carried  around  the  peritoneal  surface,  and, 
when  tied,  the  peritoneal  cavity  is  closed.  The  ligatures  and  sutures 
are  all  cut  short,  and  the  vaginal  walls  closed  over  the  bladder  in 
front.  The  vagina  is  packed  with  iodoform  gauze,  and  the  pelvic 
floor  restored,  as  in  the  operation  described  for  prolapsus  uteri  where 
the  organ  is  retained.  By  the  method  of  operating  all  the  sutures  and 
ligatures  are  placed  outside  the  peritoneal  cavity,  and  the  vagina  is 
so  secured  to  the  upper  part  of  the  broad  ligaments  that  it  cannot  be 
prolapsed  and  shortened.  The  procedure  affords  the  greatest  pro- 
tection against  subsequent  hernia  through  the  vagina.  In  the  per- 
formance of  the  operation  twenty -day  chromic  catgut  is  used  through- 
out for  both  ligatures  and  sutures.  The  result  is  that  there  are  no 
sutures  to  be  removed,  and  the  patient  is  spared  the  worry  and 
discomfort  of  their  removal,  which  often  causes  more  discomfort  than 
the  operation  itself. 

Dislocations  of  the  uterus  may  be  anterior,  posterior,  and 
lateral,  and  are  the  result  of  inflammation.  In  the  development  of 
the  inflammatory  process  there  is  thrown  out  a  large  quantity  of 
exudate,  which  presses  the  uterus  to  one  side  or  in  the  opposite 
direction,  but  later,  as  this  collection  is  absorbed  and  the  cellular 
tissue  undergoes  contraction  characteristic  of  scar  tissue,  the  uterus 
is  drawn  in  the  direction  of  the  former  inflammatory  collection  and 
rigidly  held  there.  When  the  inflammation  has  been  in  the  upper 
part  of  the  broad  ligament  on  the  one  side,  and  in  the  lower,  on  the 
other,  the  organ  becomes  fixed  across  the  pelvis;  if,  in  addition,  one 
of  the  uterosacral  ligaments  has  been  involved,  there  is  a  torsion,  as 
well  as  the  fixation,  above  mentioned.  This  form  of  displacement 
has  little  significance  from  the  surgical  standpoint. 

The  uterus  may  be  rotated  on  a  transverse  axis  either  forward  or 
backward,  or  on  an  anteroposterior  axis  to  the  one  or  the  other  side. 
Such  displacements  are  known  as  versions. 

Anteversion  is  a  displacement  of  the  uterus  in  which  the  fundus 
lies  forward  and  sometimes  downward,  and  the  cervix  backward  and 
upward.  It  may  be  the  result  of  chronic  inflammation  of  the  uterus 
and  of  any  condition  which  causes  increased  weight.  The  organ  may 
be  freely  movable  or  fixed  by  adhesions,  or  the  presence  of  exudate 
in  the  cellular  tissue  about  it.  The  thickening  and  enlargement 
generally  cause  an  obliteration  of  the  normal  flexion.  The  condition 
may  be  associated  with  inflammation  of  the  uterosacral  ligaments. 
The  latter  are  usually  associated  with  anteflexion,  but  when  the 
uterine  walls  are  rigid  from  inflammation,  it  causes  the  cervix  to  be 
drawn  up  and  increases  the  version. 

Symptoms. — There  are  no  symptoms  characteristic  of  the  dis- 
placement, but  rather  those  of  conditions  producing  it.     Where  the 
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uterus  is  fixed  by  inflammation,  more  or  less  frequency  of  micturition 
is  likely  to  be  present,  and  I  have  seen  in  some  cases  a  boring  pain  in 
the  symphysis  which  is  at  once  relieved  by  the  employment  of  measures 
to  elevate  the  uterus. 

Diagnosis. — The  history  is  unlikely  to  indicate  anything  further 
than  that  the  patient  has  some  pelvic  trouble.  The  bimanual  exami- 
nation discloses  the  cervix  high  in  the  vagina,  and  the  resisting  body, 
continuous  with  it  in  front,  the  body  and  fundus  nearer  to  the  sym- 
physis than  is  normally  found.  This  examination  reveals  the  amount 
of  fixation  and  inflammatory  infiltrate  with  which  the  uterus  is  some- 
times embedded. 

Treatment. — The  introduction  of  a  retroversion  pessary  by  holding 
the  uterus  at  a  higher  level,  paradoxic  as  it  may  seem  to  increase  the 
displacement,  affords  relief.  An  abdominal  belt,  by  reducing  the 
intra-abdominal  pressure,  adds  to  the  patient's  comfort. 

Anteflexion. — Flexion  differs  from  version  in  that  the  uterus  is 
bent  on  its  own  axis,  and  in  the  form  under  consideration  the  fundus 
lies  forward,  while  the  cervix  is  more  or  less  in  the  axis  of  the  vagina. 
The  flexion  may  be  slight,  but  little  more  than  normal,  or  very  acute, 
in  which  the  body  and  cervix  seem  to  lie  in  contact.  The  anterior 
wall  at  the  point  of  marked  flexion  undergoes  a  substitution  of  con- 
nective tissue  for  the  muscular  structure,  and  on  the  posterior  surface 
the  wall  is  thinned.  The  flexion  may  be  mobile  or  immobile;  in  the 
former  the  walls  being  soft  and  the  fundus  heavy;  the  position  of  the 
organ  may  change  with  the  position  of  the  body  or  the  amount  of 
distention  of  the  adjacent  organs.  This  condition,  if  unrecognized, 
will  not  infrequently  lead  to  differences  of  opinion  regarding  the 
diagnosis,  as  one  person  may  find  the  uterus  anteflexed  and  the  next 
retroflexed.     The  immobile  flexion  is  fixed. 

Etiology. — Anteflexion  is  less  frequent  in  the  parous  woman  than 
the  retrodisplacements.  It  is  more  frequent  than  any  other  dis- 
placement in  the  unmarried  and  the  nulliparous.  The  condition  is 
congenital  when  the  organ  retains  its  infantile  character,  with  a  long 
cervix  occupying  the  axis  of  the  vagina,  the  fundus  being  of  necessity 
bent  forward.  Inflammation  of  the  uterosacral  ligaments  or  of  the 
cellular  tissue  posterior  to  the  cervix,  by  dragging  the  latter  upward 
and  backward,  produces  a  flexion  of  the  upper  part  of  the  cervix. 
Growths  in  the  fundus  or  upper  portion  of  the  posterior  wall  produce 
bending  forward,  as  does  inflammation  of  the  site  of  the  placenta  in 
the  posterior  wall.  Here  the  involution  is  more  rapid  in  the  unin- 
flamed  anterior  wall,  which  acts  as  the  string  to  the  bow,  bending  the 
uterus  forward. 

Symptoms. — Anteflexion,  unless  accompanied  by  inflammation, 
does  not  cause  symptoms.  Those  most  frequently  ascribed  to  this 
displacement  are  dysmenorrhea  and  sterility,  but  not  infrequently 
in  marked  flexion  neither  of  these  symptoms  is  present.  The  existence 
of  the  displacement  renders  drainage  defective,  and  thus  favors  the 
occurrence  of  infective   processes.     The  extension  of  inflammation 
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from  the  uterus  to  the  adjacent  bladder  is  the  cause  of  irritable  bladder, 
frequent  micturition,  and  discomfort  in  the  evacuation. 

Diagnosis. — This  form  of  displacement  is  readily  recognized  by 
bimanual  palpation.  The  cervix  occupies  the  axis  of  the  vagina, 
or  may  project  slightly  forward,  while  a  distinct  angle  is  recognized 
between  it  and  a  mass  in  front,  which,  from  its  contour  and  size,  is 
recognized  as  the  body  of  the  uterus.  By  pressing  the  fingers  in  the 
vagina  against  the  lateral  portions  of  the  uterus,  the  continuation  of 
the  cervix  with  the  body  c$n  be  readily  appreciated,  and  with  two 

fingers  in  the  vagina  against 
the  fundus  and  the  other 
against  the  cervix,  while  pres- 
sure is  made  from  above  with 
the  external  hand,  the  amount 
of  resistance  of  the  flexion  is 
determined  and  the  condition 
made  certain.  If  there  should 
be  any  doubt  as  to  whether  the 
mass  is  a  fibroid  growth  in  the 
anterior  portion  or  the  fundus 
of  a  flexed  uterus,  the  proce- 
dure just  described  will  re- 
solve it. 

Treatment. — Anteflexion  re- 
quires treatment  only  when 
it  is  complicated,  and  conse- 
quently produces  symptoms. 
It  is  a  very  frequent  custom  to 
dilate  and  curette  the  uterus 
for  this  form  of  displacement, 
and  in  the  milder  cases  it 
may  be  efficient,  but  the  more 
severe  cases  will  be  relieved 
for  only  a  short  time.  I  think 
it  better  that  the  procedure 
should  be  followed  by  packing 
the  uterus  with  iodoform  gauze; 
this  maintains  the  canal  in  a 
straighter  line,  and  the  resulting  inflammation  serves  to  stiffen  the 
walls  and  insure  a  partial  obliteration  of  the  angle  of  flexion.  On  the 
same  principle  the  hard-rubber  or  glass  drainage-tube  devised  by 
Wylie  affords  relief.  Of  a  number  of  operative  procedures,  that 
devised  by  E.  C.  Dudley  seems  most  worthy  of  employment  (Fig.  159). 
Dudley's  Operation  in  Anteflexion. — After  the  uterus  is  curetted 
the  cervix  on  either  side  is  seized  with  a  double  tenaculum,  and  the 
posterior  lip  split  to  the  attachment  of  the  vagina;  from  each  side  of 
this  incision  a  wedge-shaped  section  is  removed,  and  the  external 
margin,  or  that  portion  nearest  the  os  on  each  side,  is  sutured  to  the 


Fig.  159.- 


-Dudley'*  Operation  tor  Anteflexion. 

(Montgomery-) 
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bottom  of  the  incision.  This  procedure  forms  a  new  os  at  a  higher 
level,  and  the  cervix  may  be  thrown  still  further  back  by  removing  a 
section  transversely  across  the  anterior  lip  and  uniting  the  edges  by 
transverse  sutures  (Fig.  160).  When  the  conditions  are  favorable 
for  pregnancy  and  it  occurs,  the  termination  of  the  pregnancy  generally 
cures  the  condition.  The  cases  should  be  carefully  studied  before 
being  subjected  to  operation,  for  rheumatic  and  gouty  conditions  are 
not  infrequently  the  cause  of  severe  dysmenorrhea  and  surgical  inter- 
ference either  is  ineffective  or  aggravates  the  condition. 

Retroversion. — The  backward 
displacements  are  more  common 
in  women  who  have  given  birth 
to  children.  In  retroversion  the 
fundus  is  situated  backward, 
while  the  cervix  is  directed  for- 
ward against  the  bladder.  The 
extent  of  the  displacement  may 
vary  by  a  slight  variation  with 
the  uterus  in  the  axis  of  the 
vagina,  or  directed  forward  to- 
ward the  symphysis,  and  the 
fundus  deep  in  the  pelvis.  Re- 
troversion is  considered  the  first 
stage  of  prolapsus. 

Etiology. — The  most  frequept 
cause  of  this  displacement  is 
some  lesion  or  sequel  of  preg- 
nancy, although  it  may  occur  in 
the  unmarried.  Relaxation  of 
the  uterine  ligaments,  particularly 
the  uterosacral,  is  a  prolific  factor, 
and  is  produced  by  neglect  of 
proper  hygiene,  such  as  the  reg- 
ular evacuation  of  the  bowels, 
permitting  the  bladder  to  become 
greatly  distended,  and  improper 
dress.     Tight  lacing  is  the  most     Fio.  leo  —  Dudley**  operation  for  antx- 

-  ,  ,1  flexion  Completed.     (Montgomery.) 

frequent  cause;    the  organ  may 

be  pushed  out  of  place,  and  intra-abdominal  pressure  being  directed 

against  the  anterior  surface,  still  further  aggravates  the  displacement. 

It  may  occur  by  falling  from  a  height  and  striking  on  the  buttocks, 

particularly  if  the  uterus  at  the  time  be  pushed  back  by  a  distended 

bladder. 

Symptoms. — Here,  as  in  most  of  the  other  displacements,  the 
symptoms  are  those  of  the  complicating  conditions.  These  produce 
a  sensation  of  weight,  pressure,  and  dragging,  not  infrequently  a 
feeling  that  all  the  pelvic  viscera  are  going  to  drop  out.  Menstruation 
is  disturbed;  the  flow  is  increased  and  prolonged;  frequently  there  is 
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an  irregular  bloody  discharge  during  the  intervals  of  menstruation, 
and  generally  an  increase  of  leu korr heal  discharge.  The  projection 
of  the  cervix  against  the  bladder  causes  vesical  distress  and  frequent 
micturition.  The  pressure  of  the  body  of  a  heavy  uterus  on  the 
rectum  causes  congestion  of  the  anal  vessels,  the  occurrence  of  con- 
stipation, the  formation  of  hemorrhoids,  and  not  infrequently  the 
development  of  a  fissure  of  the  anus.  No  woman  should  be  subjected 
to  operative  interference  on  the  rectum  without  careful  examination 
of  the  size  and  situation  of  the  uterus. 

Diagnosis. — The  cervix  will  be  in  the  axis  of  the  vagina  or  directed 
forward,  and  the  finger  passing  backward  remains  in  contact  with 
the  posterior  surface  of  the  uterus  through  the  vagina,  while  the 
pressure  discloses  the  absence  of  the  uterus  in  the  anterior  vaginal 
fornix.  The  finger  in  the  rectum  may  be  passed  over  the  fundus  and 
palpate  the  anterior  uterine  surface. 

Retroflexion. — This  form  of  flexion  is  very  frequently  a  sequel  of 
version,  the  uterus  being  retroverted,  the  cervix  somewhat  fixed,  and 
the  body  driven  down  by  the  intra-abdominal  pressure.  It  also 
results  from  metritis,  inflammation  of  cellular  tissue  in  front  of  the 
cervix,  and  inflammation  of  the  site  of  the  placenta  on  the  anterior 
wall  of  the  uterus.  The  cervix  is  generally  in  the  axis  of  the  vagina, 
and  the  extent  of  the  flexion  may  vary  from  a  slight  bending  backward 
to  a  complete  or  acute  angle  between  the  cervix  and  body.  The 
flexion  may  be  mobile  or  immobile;  the  latter  may  be  fixed  by  exten- 
sive adhesions  in  the  adjacent  peritoneum. 

Symptoms. — When  uncomplicated,  retroflexion  may  present  no 
symptoms,  but  the  interference  with  the  circulation  favors  the  develop- 
ment of  infectious  processes.  With  the  onset  of  inflammatory  com- 
plications the  patient  experiences  a  sensation  of  weight,  dragging, 
and  pressure  on  the  anus.  Not  infrequently  the  pain  and  discomfort 
in  the  anus  are  so  marked  that  the  patient  is  led  to  believe  that  the 
anal  condition  is  the  important  lesion.  Hemorrhoids,  fissures,  and 
irritation  are  frequently  associated  with  the  displacement.  Occa- 
sionally there  will  be  points  of  anesthesia  over  the  thighs  and  an 
uncomfortable  sensation  down  the  posterior  surface  of  the  lower 
extremities.  Rarely,  locomotor  ataxia  is  so  closely  simulated  as  to 
cause  that,  disease  to  be  diagnosed  by  careful  neurologists,  and  the 
fallacy  is  dispelled  only  by  the  entire  recovery  of  a  patient  after  the 
restoration  and  maintenance  of  the  uterus  in  its  normal  position. 
The  pressure  of  a  large  uterus  on  the  rectum  may  cause  obstinate 
constipation  and  produce  the  sensation  that  the  intestine  is  obstructed. 
Menstruation  may  be  variously  disturbed,  irregular,  and  profuse,  the 
periods  being  either  prolonged  or  shortened,  and  the  intervals 
shortened.     Leukorrhea  is  generally  profuse. 

Diagnosis. — Bimanual  examination  reveals  the  uterus  at  a  lower 
level,  with  the  cervix  in  the  axis  of  the  vagina  or  a  little  in  front  of  it, 
and,  as  the  fingers  pass  back  toward  the  rectum,  a  rounded  mass  is 
discovered,  between  which  and  the  cervix  there  is  a  more  or  less 
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well-marked  angle.  The  organ  may  be  movable  or  fixed.  In  the 
former,  between  the  manipulation  of  the  two  hands,  the  mass  can 
be  distinctly  outlined,  and  the  condition  accurately  recognized,  but 
when  fixed,  and  especially  in  the  presence  of  considerable  exudation, 
it  may  be  exceedingly  difficult  to  ascertain  the  position  of  the  uterus. 
The  conditions  which  may  be  mistaken  for  retroflexion  are  a  sub- 
peritoneal fibroid  tumor  in  the  posterior  wall  of  the  uterus,  an  ovarian 
growth  adherent  in  the  retro-uterine  pouch,  and  the  presence  of  an 
inflammatory  exudate.  The  displacement  can  generally  be  differen- 
tiated from  the  fibroid  by  the  shape  and  size  of  the  latter  and  the 
recognition  of  the  fundus  anteriorly  when  the  latter  is  present. 
Examination  by  the  introduction  of  a  finger  in  the  rectum  will  be  of 
advantage  in  all  these  cases,  and  should  be  regularly  employed.  It 
frequently  must  be  practised  with  the  greatest  care,  because  of  the 
existence  of  hemorrhoids  or  fissures,  which  make  it  exceedingly  pain- 
ful. In  ovarian  tumors,  the  majority  of  which  are  cystic,  the  sensa- 
tion of  fluctuation,  or  at  least  elasticity,  is  so  likely  to  be  present  that 
it  at  once  affords  the  suspicion  of  its  true  character.  This  is  con- 
firmed by  more  careful  manipulation,  which  will  disclose  that  the 
uterus  is  adherent  to  the  growth  and  is  not  a  part  of  it.  In  inflamma- 
tory exudate  the  mass  is  more  or  less  irregular  and  involves  the 
rectum  and  the  surrounding  structures.  It  may  be  so  extensive  as  to 
envelop  the  fundus  and  render  uncertain  its  position,  but  in  such  cases 
the  diagnosis  of  displacement  is  of  secondary  consideration.  The 
examination  is  frequently  rendered  difficult  by  an  abdomen  so  rigid 
from  pain  or  fear  of  it  that  she  will  not  co6perate  with  the  physician 
and  relax  her  muscles.  In  such  cases  it  may  be  well  to  employ  an 
anesthetic. 

Treatment  of  Retrodisplacements. — As  the  treatment  of  retro- 
version and  retroflexion  are  very  similar,  in  order  to  prevent  repetition 
I  prefer  to  consider  them  together.  It  has  been  asserted  that  dis- 
placements do  not  of  themselves  give  rise  to  symptoms,  from  which 
one  would  naturally  infer  that  all  that  would  be  necessary  would  be 
to  treat  the  complication  and  the  patient  would  be  relieved,  but 
experience  has  demonstrated  that  the  displacement  must  be  corrected 
or  the  distress  engendered  by  the  complication  will  not  be  dis- 
pelled. The  treatment  may  be  considered  as  hygienic,  mechanic,  and 
surgical. 

The  hygienic  treatment  consists  in  the  regulation  of  the  bowels, 
the  removal  of  causes  for  increased  intra-abdominal  pressure,  such  as 
tight  lacing,  the  weight  of  skirts  about  the  waist,  and  the  lifting  of 
heavy  weights.  Such  patients  should  be  advised  to  avoid  the  dorsal 
position  and  to  assume  the  genupectoral  position  for  ten  or  fifteen 
minutes  before  going  to  bed,  and  during  this  time  have  the  vulva  open 
to  the  entrance  of  air,  so  that  the  atmospheric  pressure  will  carry  the 
womb  upward.  This  can  readily  be  accomplished  by  inserting  the 
nozzle  of  a  syringe  into  the  vagina.  When  she  lies  down,  she  should 
lie  on  the  side,  or,  better,  in  the  semiprone  position,  with  the  under 
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leg   extended    and   the   upper   flexed   and   carried   forward.     These 
measures  are  of  value  in  the  treatment  by  mechanic  measures. 

The  latter  comprise  the  employment  of  measures  to  maintain  the 
uterus  in  its  proper  place  by  tampons  and  pessaries.  As  a  preliminary 
to  any  effective  treatment  the  displaced  organ  must  first  be  placed  in 
proper  position.  The  pessary  is  only  a  crutch  which  serves  to  main- 
tain the  organ  in  its  place  until  the  forces  of  involution  so  reduce  its 
size  that  its  natural  forces  are  able  to  maintain  it.  The  readiness 
with  which  the  organ  can  be  replaced  will  depend  on  its  mobility  or 
immobility,  whether  it  is  free  from  adhesions  or  more  or  less  fixed  to 
the  surrounding  tissues  by  inflammatory  bands.  The  mobile  uterus 
is  replaced  in  one  of  two  methods:  first  and  most  frequent,  the 
patient  in  the  dorsal  position  with  the  limbs  drawn  up;  two  fingers  of 
one  hand,  where  its  size  will  permit,  are  inserted  into  the  vagina — 
one,  the  index,  in  front  of  the  cervix;  while  the  middle  finger  passes 
into  the  posterior  fornix  and  pushes  up  the  fundus,  the  first  finger 
draws  back  the  cervix.  This  combined  movement  tilts  the  fundus 
forward  until  it  can  be  seized  by  the  fingers  of  the  hand  over  the 
abdomen  and  drawn  toward  the  symphysis.  By  this  procedure, 
after  the  internal  fingers  have  displaced  the  fundus  from  beneath  the 
promontory  of  the  sacrum,  they  push  the  cervix  backward  and 
upward,  to  the  external  hand.  Occasionally  the  promontory  forms 
such  a  projecting  angle  that  the  fundus  is  certain  to  be  caught  beneath 
it,  and  seems  obstinately  fixed.  In  such  cases  the  employment  of  a 
tenaculum  by  which  the  cervix  can  be  drawn  down  while  the  body  of 
the  organ  is  pushed  forward  from  the  vagina,  or,  still  better,  by  a  finger 
in  the  rectum,  the  fundus  passes  from  under  the  promontory,  and 
then  is  pushed  back  and  upward  by  the  tenaculum.  Second,  the 
patient  is  placed  in  the  genupectoral  position,  and  the  vulva  opened 
to  permit  the  entrance  of  air,  by  which  the  vagina  is  ballooned  and 
the  entire  uterus  carried  upward  so  far  as  the  length  of  the  vagina 
will  permit.  It  should  not,  however,  be  taken  for  granted  that  the 
uterus  is  thus  easily  replaced,  for  in  the  majority  of  cases  it  retains 
the  malposition.  Traction  on  the  cervix  downward  and  backward 
will  render  the  fundus  certain  to  fall  forward  unless  held  by  adhesions. 
After  the  uterus  has  been  replaced  by  one  of  the  methods  described, 
it  is  ready  for  the  introduction  of  the  pessary  by  which  it  is  to  be  kept 
in  position.  This  instrument,  preferably  a  Smith-Hodge,  or  some 
modification  thereof,  should  be  chosen  with  especial  reference  to  the 
physical  conformation  of  the  patient.  The  instrument  should  be 
made  to  fit  the  patient  and  not  the  patient  the  instrument.  It  should 
be  large  enough  to  maintain  its  position  without  undue  pressure  at 
any  point.  The  size  can  be  readily  determined  by  passing  two  fingers 
of  one  hand  in  the  vagina,  and  carrying  them  behind  the  uterus  as 
high  as  they  will  go  without  discomfort  to  the  patient,  and  then 
indicate  the  inferior  margin  of  the  symphysis.  One  centimeter  less 
than  this  measurement  would  afford  the  proper  length.  The  width 
is  determined  by  the  distance  the  fingers  can  be  readily  separated 
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within  the  vagina.  Where  the  displacement  has  existed  for  a  length 
of  time,  the  vaginal  walls,  both  anterior  and  posterior,  become  short- 
ened, the  pessary  has  no  purchase  to  maintain  its  position,  and  so  is 
ineffective.  In  such  cases  the  fornices  should  be  reconstructed  by 
having  the  patient  wear  a  series  of  tampons,  replaced  at  frequent 
intervals. 

The  pessary  is  inserted  with  its  wide  posterior  bar  parallel  to  the 
axis  of  the  vulva,  and  after  it  has  been  inserted  half  its  length,  is  gener- 
ally rotated  transversely  and  the  finger  against  the  posterior  bar 
carries  the  instrument  behind  the  cervix  in  the  posterior  fornix  of  the 
canal.  As  will  readity  be  seen  by  inspection  of  a  diagram  of  a  pessary 
in  correct  position,  the  instrument  supports  the  organ  forward  by 
drawing  upward  on  the  cervix  through  its  pulley-like  action  on  the 
posterior  wall  of  the  vagina.  The  pessary  is  not  serviceable  then 
when  any  adhesions  exist  which  render  its  replacement  difficult.  It 
is  of  little  service  where  the  cervix  is  short,  or  at  least  that  portion 
known  as  the  portio  vaginalis.  It  cannot  be  employed  satisfactorily 
in  the  presence  of  laceration  of  the  cervix,  cicatrization  in  the  vagina, 
and  in  contraction  of  the  posterior  vaginal  fornix.  It  should  not 
be  employed  in  the  virgin  vagina.  The  cases  in  which  it  is  most 
serviceable,  and  hence  can  be  said  to  be  indicated,  are  those  in  whom 
parturition  has  been  recent,  and  the  displacement  the  result  of  sub- 
involution, the  ligaments  being  unable  to  maintain  the  heavy  organ. 
In  such  cases  it  promotes  resolution  and  permits  the  organ  to  reach 
a  size  that  will  enable  its  normal  ligaments  to  support  it.  The  pessary 
is  of  no  service  in  marked  retroflexion,  as  in  such  cases  the  fundus  wTill 
probably  be  pushed  behind  the  posterior  bar  and  the  flexion  thus 
increased.  Where  the  instrument  is  worn  for  a  long  time,  the  patient 
comes  to  feel  that  it  is  necessary  to  her  existence,  even  after  the  uterus  ■ 
shows  no  disposition  to  become  retroverted.  Pessaries  are  so  infre- 
quently employed  at  the  present  time  that  the  profession  is  likely  to 
overlook  the  fact  that  in  this  instrument  a  valuable  auxiliary  is  found 
for  the  treatment  of  suitable  cases.  In  inflammatory  cases,  where  the 
presence  of  pus  can  be  excluded,  pelvic  massage,  supplemented  by 
tampons,  may  obviate  the  necessity  of  operative  interference.  Except 
when  the  condition  is  recent,  the  treatment  requires  long-continued 
practice  and  is  associated  with  danger  of  injury  to  the  tubes  and 
ovaries  when  these  orgas  are  embedded  in  the  pelvic  exudate. 

Schultze  advocated  breaking  up  pelvic  adhesions  by  inserting  two 
fingers  in  the  rectum,  carrying  them  above  the  fundus,  and  hooking 
them  forward,  so  as  to  drag  the  bowel  away  from  the  uterus,  which  is, 
at  the  same  time,  pushed  up  by  the  thumb  in  the  vagina.  This 
method  is  very  effective  in  recent  cases,  but  when  one  considers  that 
the  tubes  and  ovaries  are  also  adherent  and  the  difficulty  of  separating 
these  structures  without  injury,  when  we  can  have  the  advantage  of 
an  open  abdomen,  it  will  be  understood  that  it  is  unwise  to  undertake 
so  blind  a  procedure.  It  seems  to  me  apparent  that  the  cases  of 
retrodisplacement  sufficiently  annoying  to  demand  treatment  must, 
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in  the  great  majority  of  cases,  be  relegated  to  the  realm  of  surgery  for 
satisfactory  treatment. 

The  operative  treatment  of  this  class  of  cases  has  occupied  the 
attention  of  gynecologists  for  many  years,  and  a  great  variety  of 
expedients  have  been  devised.  They  comprise  both  vaginal  and 
abdominal  procedures,  and  are  to  some  degree  dependent  on  the  age 
of  the  patient  for  whom  the  treatment  is  to  be  employed.  A  measure 
which  may  be  accepted  after  the  climacteric,  because  of  the  absence  of 


Fig.  161. — Alexander  Operation  for  Shortening  Round  Ligaments.     (Montgomery.) 

danger  from  subsequent  pregnancy,  would  be  entirely  unjustifiable 
prior  to  the  menopause.  The  vaginal  procedures  were  found  so 
particularly  prejudicial  during  and  at  the  termination  of  gestation 
that  they  are  now  in  disfavor  unless  as  a  part  of  the  treatment  of 
retrodisplacement  complicated  by  prolapsus  in  women  subsequent  to 
the  climacteric.  The  abdominal  operations  consist  either  in  shorten- 
ing of  the  ligaments  extraperitoneally  or  intraperitoneal^,  or  the 
construction  of  more  or  less  definite  artificial  ligaments. 
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The  Alexander  Operation. — In  the  order  of  seniority  may  be  cited 
the  procedure  bearing  the  name  of  Alexander,  which  was  suggested 
as  early  as  1840  by  a  Frenchman  named  Alquie,  first  performed  by 
Adams,  and  two  months  later  by  Alexander,  who  made  the  first  report 
(Fig.  161).  The  operation  requires  two  incisions,  one  on  either  side. 
An  incision,  6  cm.  long,  is  made  just  above  and  parallel  to  Poupart's 
ligament,  terminating  at  the  spine  of  the  pubes,  and  extends  through 
all  the  tissues  to  the  aponeurosis  of  the  external  oblique,  when  the 
round  ligaments  are  disclosed  between  the  pillars  of  the  external  ring, 
enveloped  in  a  mass  of  fatty  tissue.  A  hook  is  passed  beneath  the 
ligament,  by  which  it  is  raised  and  detached  from  the  posterior  fibers, 
seized  by  a  pair  of  hemostatic  forceps,  and  drawn  out  for  from  4  cm. 
to  10  cm.,  according  to  the  resistance.  A  similar  procedure  is  followed 
on  the  opposite  side,  after  which  the  ligaments  are  drawn  upon  until 
the  fundus  is  brought  beneath  the  pubes  when  they  are  secured  to 
the  pillars  of  the  ring.  Various  modifications  of  the  procedure  have 
been  devised.  Edebohls  splits  the  canal  from  the  external  to  the 
internal  ring  and  completes  the  operation  as  in  the  Bassini  operation 
for  hernia.  Newman  made  the  incision  directly  over  the  internal 
ring  and  drew  out  the  ligament.  Franklin  Martin  cut  each  ligament 
at  its  external  end,  and  carried  one  ligament  across  beneath  the 
superficial  fascia  and  tied  it  to  the  opposite  ligament.  Goldspoon 
stretched  the  internal  opening  to  permit  the  introduction  of  the  finger 
through  it  to  investigate  and  break  up  adhesions.  This  procedure 
was  necessarily  of  limited  application,  in  that  it  is  a  more  or  less  blind 
operation,  and  consequently  applicable  only  to  those  cases  in  which 
the  absence  of  adhesions  is  evident.  The  traction  of  a  uterus  drawn 
forward  by  shortened  ligaments  and  backward  by  adhesions  between 
it  and  the  rectum  makes  the  last  condition  of  such  a  woman  worse 
than  the  first. 

Ventrosuspension  and  ventrofixation  was  a  procedure  devised  by 
Olshausen  and  perfected  by  Kelly.  The  necessity  for  this  procedure 
grew  out  of  the  limitations  of  the  Alexander  operation.  It  consisted 
of  an  incision,  4  cm.  long,  just  above  the  symphysis,  in  the  median 
line,  through  the  peritoneum  and  all  the  suprajacent  structures. 
The  uterus  is  separated  from  adhesions,  the  ovaries  and  tubes 
inspected,  and  subjected  to  such  treatment  as  the  conditions  may 
demand,  and  the  uterus  brought  forward  and  secured  to  the  peri- 
toneum at  the  lower  angle  of  the  wound.  The  sutures  are  inserted 
into  the  fundus  at  its  center,  or  a  little  back  of  the  center,  so  that  the 
anteflexion  of  the  normal  uterus  is  slightly  increased.  Generally, 
two  sutures,  about  eight  millimeters  apart,  are  introduced  into  the 
fundus.  When  a  short  ligament  or  a  direct  fixation  is  desirable,  it 
is  the  rule  to  push  back  the  peritoneum  and  make  the  suturing  between 
the  muscle  and  the  fundus  of  the  uterus  (Fig.  162).  The  suspension 
sutures  were  formerly  buried  sutures  of  silk,  silkworm-gut,  and  occa- 
sionally of  silver  wire,  but  these  buried  sutures  so  frequently  gave  rise 
to  irritation  and  suppuration  during  convalescence  or  subsequently 
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and  always  continued  as  an  annoying  sinus  until  the  suture  was 
either  discharged  or  removed,  that  the  majority  of  operators  prefer 
to  use  an  absorbable  ligature. 

The  operation  has  a  number  of  disadvantages:  It  places  the 
organ  in  an  abnormal  position,  and  maintains  it  at  best  by  a  cica- 
tricial ligament  which  may  stretch  but  never  subsequently  contracts; 
it  is  impossible  to  determine  in  advance  whether  the  operation  will 
result  in  a  fixation  or  a  suspension;  in  the  latter  case,  it  may  become 
so  elongated  that  it  no  longer  exerts  any  beneficial  influence.  It 
forms  an  artificial  obstruction  within  the  abdominal   cavity,   about 


Fig.  162. — Ventrobubpension  for  Retrodib placement.     (Montgomery.) 

which  the  coils  of  intestine  may  become  twisted,  leading  to  fatal 
results,  as  occurred  in  one  of  my  cases  and  in  the  experience  of  other 
operators.  When  the  band  is  strong,  it  may  prove  a  source  of  dis- 
comfort in  a  subsequent  gestation  and  be  a  cause  of  dystocia  in  labor. 
When  it  elongates,  the  band  becomes  so  stretched  as  no  longer  to 
exert  a  beneficial  influence,  and  the  original  condition  is  reproduced. 
Intraperitoneal  shortening  of  the  ligaments  has  been  performed  in  a 
number  of  ways,  as  the  doubling  of  the  ligaments  inward  (Wylie)  or 
outward  (Baer),  folding  them  on  themselves  (Mann),  drawing  a  loop 
through  a  slit  in  the  anterior  wall  (Ries),  securing  a  loop  to  the  anterior 
wall  (Dudley),  penetrating  the  broad  ligament  with  a  loop  which  was 
secured  on  the  posterior  wall  (Webster),  cutting  the  ligament  near  the 
uterus,  ligating  the  proximal  and  carrying  the  distal  end  through  the 
broad  ligament  to  be  secured  posteriorly  (Bahly),  cutting  out  a  section 
of  the  round  ligament  and  the  peritoneum  of  the  broad  ligament,  and 
reuniting  them  (Risscll),  dragging  a  loop  of  the  ligament  through  the 
abdominal  wall  and  securing  it  on  the  aponeurosis  (Gilliam)  modified 
by  gathering  up  the  peritoneal  surface  external  to  the  point  at  which 
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the  ligament  was  drawn  through,  with  a  purse-string  suture  (Fergu- 
son), carrying  the  loop  beneath  the  peritoneum  through  an  incision 
in  the  anterior  leaflet  of  the  broad  ligament  and  securing  it  to  the 
under  surface  of  the  rectus  (Simpson),  and,  finally,  my  own  modifi- 
cation, which  is  as  follows  (Fig.  163)  : 

Through  a  median  incision,  or,  as  I  prefer,  through  a  Pfannenstiel 
incision  (p.  485),  each  round  ligament  is  caught  about  4  cm.  from  the 
uterus  and  secured  by  a  temporary  loop  of  catgut,  the  ends  of  which 
are  threaded  into  the  eye  of  a  Deschamp  needle.     Through  an  opening 


Fig.  163. — Montgomery's  Method  or  Shortening  the  Round  Ligaments.     (Montgomery.) 

Round  ligament  fixed  with  hemostat  while  temporary  ligature  is  carried  beneath  anterior  leaflet 

of  broad  ligament  with  a  Deschamp  needle. 

made  in  the  anterior  leaflet  of  the  corresponding  broad  ligament  the 
needle  is  carried  outward  between  the  two  layers  of  the  ligament 
until  it  reaches  the  point  where  the  peritoneum  is  reflected  on  to  the 
abdominal  wall,  when  it  is  carried  through  and  unthreaded,  and  the 
ends  of  the  ligature  secured  by  forceps  (Fig.  164).  The  same  steps  are 
followed  on  the  opposite  side.  The  ligature  is  then  put  on  the  stretch, 
a  pair  of  sharp-pointed  scissors  inserted  alongside  it  closed,  and  the 
blades  slightly  separated,  after  which  a  loop  of  the  ligament  is  easily 
drawn  through  and  is  secured  to  the  outer  surface  of  the  aponeurosis 
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by  chromic  catgut  sutures.  The  loop  is  drawn  through  sufficiently 
to  bring  the  fundus  of  the  uterus  well  forward.  Should  it  be  insuffi- 
cient or  too  much,  the  position  of  the  uterus  can  be  governed  by 
drawing  upon  or  relaxing  the  projecting  loop.  This  procedure 
imitates  the  virtue  of  the  Alexander  operation  in  that  it  utilizes  the 
strongest  part  of  the  round  ligament,  that  portion  nearest  to  the 
uterus,  and  has  the  advantage  of  its  adaptation  to  all  displacements 
whether  complicated  or  uncomplicated.  The  operation  permits  the 
treatment  of  diseased  conditions  of  the  tubes  and  ovaries,  leaves  no 


Fio.  164. — Montgomery's  Method  of  Shortening  Round  Ligaments. 
Loop  secured  on  the  aponeurosis. 


(Montgomery.) 


raw  or  injured  surface  within  the  peritoneal  cavity,  and  provides  a 
support  capable  of  undergoing  evolution  and  involution  and  con- 
sequently capable  of  meeting  the  future  exigencies  in  the  life  of  the 
individual. 

The  uterosacral  ligaments  have  been  utilized  through  the  vagina 
(Gottschalk,  Bovee)  or  through  an  abdominal  incision.  Where  the 
retrodisplacement  is  associated  with  much  prolapsus,  these  ligaments 
are  generally  so  attenuated  as  not  to  be  appreciable.  In  several 
instances  I  have  reconstructed  the  retro-uterine  pouch  in  order  to 


SURGERY    OP   UTERUS,    BROAD    LIGAMENTS,    FALLOPIAN    TUBES.       511 

obliterate  or  close  off  its  most  dependent  portion.  This  operation 
does  not  give  any  special  consideration  to  the  ligaments,  but  forms  a 
new  floor  of  the  peritoneum.  Through  an  abdominal  incision  the 
uterus  is  drawn  forward  and  the  intestines  packed  out  of  the  pelvis, 
with  the  patient  in  the  Trendelenburg  position;  with  a  double  tenac- 
ulum the  peritoneum  is  seized  at  a  point  posterior  to  the  cervix  and 
drawn  backward;  the  peritoneal  surfaces  at  this  level  are  united,  and 
the  peritoneal  covering  of  the  bowel  to  that  of  the  posterior  surface 
of  the  neck  of  the  uterus.  Care  must  be  exercised  completely  to  close 
the  cavity,  otherwise  coils  of  intestine  would  slip  through,  producing 
strangulated  hernia. 

Vaginal  Operations. — Among  the  earliest  vaginal  procedures  was 
that  devised  by  Schucking,  which  consisted  in  passing  an  instrument 
to  the  fundus  after  the  uterus  was  placed  in  extreme  flexion,  and 
pushing  a  needle  concealed  within  it  through  the  anterior  vaginal 
fornix.  The  needle  carries  a  ligature  back,  which,  when  tied,  holds 
the  uterus  in  anteflexion.  It  is  apparent  that  this  is  a  blind  procedure, 
and  injuries  of  the  bladder  and  intestine  have  occurred. 

Vaginal  Fixation. — Diihrssen  devised  an  operation  which  was 
subsequently  modified  by  Mackenrodt,  whereby,  through  a  vertical 
incision  of  the  anterior  vaginal  wall,  the  bladder  is  pushed  away  from 
the  cervix  until  the  peritoneum  is  reached,  when,  without  opening  the 
latter,  a  suture  is  introduced  and  the  uterus  pulled  forward;  a  second 
suture  is  introduced  above  this,  near  the  fundus,  which  holds  the 
uterus  forward  by  being  passed  through  the  edges  of  the  vaginal 
wound  and  tying  it  in  the  vagina.  Mackenrodt  opened  the  peritoneum 
and  inserted  the  sutures  at  a  higher  level,  but  the  results  of  these 
operations  in  subsequent  gestation  and  parturition  have  been  found 
so  disastrous  that  they  have  been  discontinued  during  the  child- 
bearing  period. 

Wertheim,  as  well  as  Vineberg,  utilized  this  incision  to  secure  the 
round  ligaments  by  passing  a  suture  under  each  ligament,  3  cm.  from 
the  cornu  of  the  uterus.  The  ends  of  the  suture  are  brought  out 
through  the  corresponding  vaginal  flap.  After  both  ligaments  are 
thus  secured,  the  peritoneal  and  vaginal  wounds  are  closed. 

Inversion  of  the  uterus  is  a  form  of  displacement  in  which  the 
lining  membrane  of  the  uterus  becomes  its  covering,  and,  when 
complete,  the  organ  is  entirely  within  the  vagina.  The  inversion 
may  be  partial  or  complete.  It  is  usually  divided  into  three  degrees: 
First,  intra-uterine  inversion,  which  presents  three  degrees  of  dis- 
placement of  the  uterus  into  its  own  cavity  without  the  cervix  being 
dilated  (Fig.  165).  When  the  wall  is  partially  inverted,  it  is  known 
as  invagination.  The  second  degree  is  known  as  intravaginal  inver- 
sion, when  the  body  of  the  uterus  to  a  greater  or  lesser  degree  projects 
through  the  external  os  (Fig.  166).  Extravaginal  inversion  is  the 
third  degree,  in  which  the  uterus  is  partially  or  completely  outside 
the  vagina,  and  represents  an  inversion  of  the  vagina  as  well  (Fig.  167). 

Inversion  uteri  is  divided,  according  to  its  causes,  into  puerperal 
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and  non-puerperal,  the  former  the  result  of  parturition;  the  latter 
generally  produced  by  traction  of  a  fibroid  growth  attached  by  a 
short  pedicle  to  the  fundus  of  the  uterus.  As  the  displacement 
proceeds,  in  place  of  the  fundus  there  is  a  funnel-shaped  depression. 
As  the  tubes  are  closely  connected  with  the  uterus,  they  are  to  a 
considerable  extent  drawn  into  the  cavity,  while  the  ovaries  may  rest 
upon  the  rim  of  the  funnel.  The  uterine  mucous  membrane  exposed 
in  the  vagina  undergoes  inflammatory  changes  with  a  certan  amount 
of  epithelial  desquamation.  The  orifice  of  the  Fallopian  tubes  can 
generally  be  seen  upon  either  cornu  of  the  uterus,  while  the  upper 
part  of  the  tumor  is  surrounded  by  a  cuff  formed  by  the  vaginal 
portion  of  the  cervix.     The  situation  may  readily  permit  the  entrance 


Fiq.    165. — Partial    Inversion,    Three    De-       Fiq.  166. — Intra  vaginal   Inversion,   Three 
qkees.     (Montgomery.)  Degrees.     (Montgomery.) 

of  infection  into  the  tubes,   causing  extensive  inflammation  which 
adds  to  the  discomfort  of  the  patient. 

Etiology. — The  displacement  arises  as  a  result  of  a  relaxed  con- 
dition of  the  uterine  walls,  not  infrequently  produced  by  traction  upon 
the  cord  in  premature  efforts  at  the  delivery  of  the  placenta.  It  is 
more  likely  to  occur  when  the  umbilical  cord  is  short,  and  may  be 
produced  by  overstretching  of  the  cervix,  affording  less  resistance  to 
the  invaginated  body.  In  the  non-puerperal  variety  a  submucous 
fibroid  of  the  sessile  variety  fills  the  body  of  the  uterus  until  the  cervix 
is  partially  distended;  contractile  efforts  to  expel  the  growth  as  a 
foreign  body  leads  to  further  dilatation  of  the  cervix  and  dragging 
downward  of  the  fundus  by  the  weight  of  the  growth.  This  con- 
tinues until  the  inversion  becomes  complete  (Fig.  168). 
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Symptoms. — The  production  of  the  condition  not  infrequently 
leads  to  severe  shock  and  very  profuse  hemorrhage.  The  patient 
complains  of  a  severe  pain,  a  sensation  of  pulling  or  fullness  in  the 
vagina.     As  the  disorder  progresses  menstruation  is  rather  prolonged, 

and  a  profuse  mucous  discharge  irregu- 
larly tinged  with  blood  occurs. 


Fig.   167. — Extravaginal  Inversion. 
(Montgomery.) 


Fig.     168.- 


■NON-PIJERPERAL 

(Montgomery.) 


Inversion. 


Diagnosis. — The  existence  of  severe  pain,  profuse  bleeding,  and 
profound  shock  in  a  woman  who  has  undergone  a  rather  severe  labor, 
and  following  efforts  at  delivery  of  the  placenta,  should  lead  to  careful 
investigation  as  to  its  cause.  The  exploration  of  the  vagina  discloses 
a  large  globular  mass  which  fills  it,  surrounded  by  a  cuff-like  ring  at 
its  upper  part.  The  hand  placed  over  the  abdomen  reveals  the  absence 
of  the  fundus  of  the  uterus,  and,  instead,  a  funnel-shaped  depression 
at  the  upper  part  of  the  pelvis.  A  rectal  examination  discloses  the 
funnel-shaped  depression  in  place  of  the  uterine  fundus.  Examina- 
tion by  the  speculum  reveals  the  vagina  filled  with  a  mass  covered 
with  soft  and  velvety  mucous  membrane,  possibly  points  of  ulceration, 
vol.  v — 33 
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and  in  the  early  stages  small  clots.     Where  the  patient  has  thick 
abdominal  walls,  it  may  be  difficult  to  determine  the  physical  signs. 


VI  [POLYPUS 


Fig.  169.— o,  Inversion;  6,  Fibroid  Polypus;  e.  Fibroid  Polypus  with  Stenosis  or  the  Cer- 
vical Canal.     (Montgomery.) 

Inversion  may  be  confounded  with  fibroid  polypus,  submucous 
fibroid,  and  partial  division  of  the  fundus  uteri.     The  fibroid  polypus 


aj,  c 

Fio.  170.— o,  Fibroma;  6.  Partial  Inversion;  c.  Partial  Division  or  the  Body.    (Montgomery.) 

projecting  into  the  vagina  surrounded  by  the  cervix  may  present  a 
state  so  characteristic  of  inversion  as  to  cause  its  true  nature  to  be 
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overlooked  (Fig.  169).  A  number  of  cases  have  been  reported  in 
which  efforts  have  been  made  to  reinvert  such  a  growth,  when  subse- 
quent investigation  has  disclosed  it  not  to  be  a  uterine  inversion. 
Careful  bimanual  examination  will  reveal  the  fundus  of  the  uterus 
within  the  abdominal  cavity,  while  the  mass  is  situated  below;  while 
in  inversion,  the  fundus  has  disappeared  and  the  funnel-shaped  cavity 
in  its  place  can  readily  be  determined  by  investigation  through  the 
rectum  (Fig.  170).  A  fibroid  growth  within  the  cavity  of  the  uterus 
may  simulate  the  first  degree  of  inversion,  but  here  too  the  rectal 
examination  reveals  the  funnel-shaped  depression  in  the  inversion 


Fig.   171. — Central  Taxis.     (Montgomery.) 


and  a  globular  mass  in  the  submucous  fibroid.  Partial  division  of 
the  body  of  the  uterus  is  recognized  by  the  anteroposterior  depression 
between  the  two  cornu,  while  in  inversion  the  depression  is  circular. 

Treatment — Treatment  for  inversion  depends  upon  the  form  under 
consideration  and  the  stage  at  which  it  comes  under  observation.  It 
differs '  very  greatly  in  the  recent  from  that  of  the  chronic  cases. 
Treatment  may  be  manual,  instrumental,  and  operative.  In  the 
recent  inversion,  placing  the  fingers  against  the  body  of  the  uterus, 
and  pushing  upward  may  readily  lead  to  the  reinversion  of  the  organ 
with  the  hand  situated  within  its  cavity.     This  method  bf  procedure 
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should  always  be  practised  when  it  is  recognized  that  the  lesion  has 
just  developed.  In  some  cases,  placing  the  patient  in  the  genu- 
pectoral  position  with  the  vagina  dilated  causes  reinversion.  The 
manual  treatment  consists  in  the  application  of  what  is  known  as 
taxis,  by  the  employment  of  the  hand  in  the  vagina  (Fig.  171).  This 
may  be  applied  in  three  ways:  First,  central  taxis,  in  which  the 
thumb  or  finger  is  placed  against  the  fundus  of  the  uterus  and  pressure 
is  made  upward.     This  can  be  antagonized  by  placing  the  other  hand 


Fig.  172. — Incision  op  the  Posterior  Vaginal  Fornix  and  the  Neck  of  the  Uterus  Pre- 
liminary to  Reduction.      (Montgomery.) 

over  the  abdomen  and  spreading  out  the  funnel  opening.  Lateral 
taxis  is  the  introduction  of  the  hand  into  the  vagina;  while  the  fingers 
grasp  the  fundus,  the  thumb  presses  against  a  cornu  of  the  uterus, 
and  this  is  continued  until  the  process  of  reinversion  is  completed. 
Peripheral  taxis  consists  in  the  introduction  of  the  hand  into  the 
vagina,  and  spreading  the  fingers  around  the  cervix,  making  traction 
upon  the  cervix  through  the  vaginal  walls,  thus  opening  the  cervix 
while  the  fundus  is  pushed  upward.  Taxis  has  been  applied  by 
instrumental  measures,  as  an  instrument  having  a  spring  arranged 
as  a  cup  which  fits  over  the  fundus  and  presses  it  upward.     This  has 
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been  supplemented  by  Marcy,  who  inserted  sutures  into  the  neck 
of  the  uterus  and  tied  these  over  an  elastic  mass  pressing  against  the 
fundus,  so  that  the  pressure  was  continual.  Tampons  and  col- 
peurynters  have  been  introduced  into  the  vagina  with  a  view  to  making 
more  or  less  pressure  upon  the  uterus  and  thus  gradually  overcoming 
the  displacement.  Among  the  earliest  procedures  was  one  instituted 
by  Thomas,  who  opened  the  abdomen  and  with  an  instrument  similar 
to  a  glove-stretcher  enlarged  the  cervix,  while  pressure  was  made 
from  within  the  vagina  against  the  fundus.  The  most  effective  method 
is  that  instituted  by  Kiistner,  who  made  an  incision  through  the 
posterior  fornix  of  the  vagina  above  the  cervix  and  then  a  vertical 
incision  through  the  neck,  when  the  fundus  was  pushed  up  (Fig.  172). 
In  a  recent  case  I  first  drew  down  the  uterus,  inserted  suture  ligatures 
through  the  cuff  of  the  cervix, — two  in  front  and  one  on  either  side, — 
and  then  made  an  incision,  as  suggested  by  Kiistner,  when  I  found 
that  it  was  very  easy  to  reinvert  the  uterus.  The  fundus  was  turned 
down  through  the  incision  in  the  posterior  wall  of  the  vagina,  and  the 
incision  sutured  with  chromic  catgut.  After  the  incision  of  the 
uterine  wall  had  been  completely  closed,  the  opening  in  the  posterior 
fornix  of  the  vagina  was  sutured,  and  iodoform  gauze  packed  into 
the  vagina,  holding  the  uterus  up.  The  uterine  wall  becomes  so 
rigid  in  a  short  time  after  this  occurrence  as  a  result  of  inflammatory 
changes  that  the  subsequent  manipulation  by  taxis  to  accomplish 
the  reinversion  is  attended  with  possibilities  of  such  serious  injury 
to  the  structure  of  the  uterus  that  it  seems  to*  me  far  preferable  to  at 
once  institute  the  procedure  described  as  less  likely  to  result  in 
trauma. 

Tumors. — Tumors  of  the  uterus  are  divided  according  to  their 
origin  into  connective-tissue  and  epithelial  growths.  The  course  of 
the  tumor  leads  to  a  further  division  into  benign  and  malignant. 
Benign  growths  are  those  which  are  limited  to  the  organ  in  which  they 
originate,  even  though  it  may  be  more  or  less  destroyed  and  taken 
up  as  the  growth  develops.  The  malignant  show  a  constant  tendency 
to  break  down  their  barriers  and  to  invade  the  surrounding  structure. 
They  are  destructive  not  only  of  the  tissue  invaded,  but  of  the  life  of 
the  individual,  and,  when  removed,  exhibit  a  marked  tendency  to 
recur.  It  is  sometimes  difficult  to  differentiate  between  these  two 
classes  of  tumors,  as  a  number  of  those  which  are  regarded  as  benign 
betray  a  disposition  to  recur,  and  subsequently  to  assume  malignant 
characteristics.  The  benign  tumors  of  the  uterus  are  represented 
to  a  large  degree  by  the  fibromata,  the  pathology  of  which  can  be 
found  in  Vol.  I,  p.  771,  of  this  work.  They  are  designated  myomata 
and  fibromata,  according  to  the  relative  amounts  of  muscular  and 
fibrous  tissue  of  which  they  are  composed.  They  are  the  most 
frequent  of  uterine  growths,  and  occur  in  the  majority  of.  women  who 
have  passed  the  thirty-fifth  year  of  life.  Their  period  of  greatest 
growth  is  during  the  menstrual  life  of  the  individual,  although  they 
rarely  appear  before  the  twenty-fifth  year,  and  were  formerly  supposed 
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to  have  attained  their  complete  growth  prior  to  the  occurrence  of  the 
menopause.  Later  investigations  have  shown  that  these  growths 
not  infrequently  continue  to  increase  in  size  subsequently  to  the 
climacteric,  and  one  case  has  been  reported  in  which  a  growth  of 
considerable  size  developed  in  a  childless  woman  who  had  never 
menstruated.  They  rarely  occur  alone,  but  are  more  frequently 
multiple.  Bland-Sutton  reports  a  case  in  wrhich  there  were  120, 
varying  from  a  pea  size  to  that  of  a  small  orange.  Not  infrequently 
a  uterus  which  is  studded  with  these  growths  when  hardened  and 
sectioned  presents  a  tessellated  appearance,  in  which  but  little  of  the 
uterine  structure  remains.  Where  a  large  number  of  the  tumors 
exist,  they  are  usually  small.  Hunter  reports  a  uterus  containing 
fibroids  in  which  the  entire  mass  weighed  145  pounds.  As  we  have 
seen,  this  class  of  tumors  is  divided  into  the  myomata,  in  which  the 
growths  are  made  up  mostly  of  muscular  structure  of  the  uterus  and 
present  but  little  differentiation  from  the  organ.  In  these,  the  tumor 
rapidly  increases  and  attains  not  infrequently  to  an  enormous  size. 
The  fibromata,  on  the  other  hand,  are  growths  which  have  reached 
a  certain  degree  of  maturity  and  there  has  been  an  increase  of  the 
fibrous  or  connective  tissue  over  the  muscular  structure.  They  are 
hard,  firm,  generally  surrounded  with  more  or  less  of  a  capsule,  which 
consists  of  loose  connective  tissue  and  blood-vessels. 

Tumors  are  divided  according  to  their  relation  to  the  wall  of  the 
uterus  into  submucous,  interstitial,  and  subperitoneal.  Submucous 
fibroids,  also  called  intramural  and  concentric,  are  those  which  are 
situated  more  closely  beneath  the  mucous  membrane,  and,  as  they 
increase  in  size,  have  encroached  upon  the  uterine  cavity.  They  are 
divided  into  the  encapsulated  and  the  non-encapsulated.  The  former 
are  surrounded  by  a  loose,  layer  of  connective  tissue,  making  a  dis- 
tinct capsule,  which  will  permit  the  tumor  to  be  shelled  out  of  its 
bed.  The  non-encapsulated,  however,  have  the  mucous  membrane 
of  the  uterine  cavity  directly  enveloping  the  growth  without  any 
intervening  capsule.  These  growths  may  have  developed  beneath 
the  mucous  membrane  and  have  been  pushed  out,  thus  making  them 
free  from  the  capsule,  or  were  originally  encapsulated,  but  their 
capsule  has  disappeared  during  subsequent  inflammation.  As  the 
tumor  is  extruded  into  the  cavity  of  the  uterus  and  becomes  more 
and  more  separated  from  the  uterine  wall,  it  may  be  attached  by  a 
more  or  less  thickened  band  or  pedicle,  when  it  is  known  as  a  pedun- 
culated tumor  or  a  polypus.  In  other  cases  the  tumor  is  attached  to 
the  uterine  wall  by  a  broad  base.  These  tumors  are  called  sessile 
fibroids. 

The  presence  of  the  tumor  leads  to  more  or  less  of  congestion  and 
inflammation  of  the  uterine  structure,  so  that,  as  it  increases  in  size, 
there  is  an  effort  upon  the  part  of  the  uterus  to  extrude  it  as  a  foreign 
body.  This  expulsion  produces  its  polypoid  character.  When  the 
mass  is  situated  near  the  fundus  and  is  of  considerable  size,  the  efforts 
at  its  expulsion  may  lead  to  dilatation  of  the  cervix  and  to  dragging 
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of  the  tumor  upon  the  fundus,  producing  inversion.  As  the  cervix 
becomes  well  dilated,  this  inversion  may  become  complete.  When 
the  tumor  is  pedunculated  and  pushed  partly  through  the  cervix, 
the  grasp  of  the  cervix  upon  it  brings  about  an  interference  with  the 
circulation  of  the  surface  of  the  tumor,  producing  caries  or  ulceration. 
The  irritation  of  the  tumor  as  a  foreign  body  induces  an  associated 
endometritis  with  a  tendency  to  produce  bleeding,  so  that  such  a 
growth,  from  the  associated  hemorrhage  and  offensive  discharge,  may 
cause  the  suspicion  of  malignant  disease.  Not  infrequently  the  rapid 
extrusion  of  these  growths  either  into  the  uterine  cavity  or  externally 
causes  complete  loss  of  nutrition  and  gangrene  of  the  mass,  so  that  its 
exit  in  fragments  is  associated  with  thin,  foul  discharge. 

Interstitial,  mural,  or  centric  growths  are  those  which  are  developed 
into  the  central  portion  of  the  wall,  and,  as  they  increase,  take  up  the 
structure  of  the  uterus.  According  to  their  situation  and  size  they 
are  differentiated  as  circumscribed  and  diffuse:  circumscribed,  when 
the  growth  is  small,  well  defined  and  possibly  attended  by  two  or 
three  other  growths.  Diffuse  tumors,  on  the  other  hand,  are  rapid 
in  their  development,  spread  out  the  structure  of  the  uterus,  and  may 
occur  as  a  single  growth.  These  are  the  tumors  which  attain  to  the 
largest  size,  becoming  gigantic  masses.  The  entire  structure  of  the 
uterus  is  taken  up  by  them;  its  lower  portion  may  be  drawn  out, 
forming  a  pedicle  which  may  readily  become  twisted.  In  some  cases 
the  cervix  has  become  so  attenuated  that  the  growth  and  the  body 
of  the  uterus  are  separated  from  the  cervix.  As  these  growths 
increase  in  size  they  encroach  upon  the  cavity  of  the  uterus  and 
produce  disturbance  of  the  endometrium,  not  infrequently  leading  to 
interstitial  metritis  and  profuse  bleeding. 

Subperitoneal,  extramural,  or  eccentric  fibroids  are  those  which 
are  originally  situated  near  to  the  peritoneum,  and,  as  they  increase 
in  size,  are  expelled  upon  the  external  surface  of  the  uterus  and 
covered  by  the  peritoneum.  These  tumors,  like  the  submucous,  may 
become  pedunculated  or  sessile,  but  the  former  are  rarely  called 
polypoid.  The  surface  of  the  tumor  may  be  perfectly  smooth, 
covered  with  a  layer  of  peritoneum,  and  beneath  it  muscular  structure. 
In  other  cases,  from  the  increased  amount  of  connective  tissue  and 
contraction,  the  tumor  is  roughened.  These  tumors,  like  the  sub- 
mucous, are  free  and  encapsulated,  the  former  with  the  peritoneum 
directly  over  the  surface  of  the  tumor,-  without  any  intervening  loose 
connective-tissue  layer.  The  pedicle  varies  greatly  in  size  from  a 
small  fibrous  band,  or  so  short  as  to  hold  the  tumor  in  apposition  to 
the  uterine  wall  to  one  which  is  sufficiently  long  as  to  leave  the  inves- 
tigator in  doubt  as  to  whether  the  mass  is  connected  with  the  uterus. 
In  some  cases  where  the  growth  is  of  considerable  size  with  a  small 
pedicle,  the  latter  may  become  twisted  and  the  nutrition  of  the  tumor 
thus  cut  off.  In  such  cases  the  growth  may  form  adhesions  to  the 
surrounding  viscera,  through  which  it  may  receive  its  nutrition,  when 
the  pedicle  disappears,   making  the  tumor  a  parasite.     The  pedicle 
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may  sometimes  be  so  flexible  as  to  permit  the  tumor  to  be  pushed 
away  from  the  abdominal  wall,  and  come  back  against  it,  simulating 
ballottement.  Where  the  nutrition  of  the  tumor  is  interfered  with, 
or  in  some  cases  where  it  has  attained  considerable  size  and  is  rough- 
ened, it  so  irritates  the  peritoneum  as  to  cause  ascites.  The  cervix 
differs  from  the  body  of  the  uterus  in  its  structure  to  such  a  degree 
that  it  is  rarely  the  site  of  origin  of  fibroid  growths.  Not  infrequently, 
however,  these  growths  are  pushed  downward  from  above,  spreading 
out  the  cervix  and  forming  a  tumor  so  large  as  to  fill  up  the  vagina. 
These  form  two  classes:  one,  pushed  into  the  external  os,  and  the 
other,  the  subvaginal,  pushed  out  through  the  wall  of  the  cervix,  and 
secures  a  situation  in  the  broad  ligament.  These  growths  not  infre- 
quently raise  up  the  ureter  and  endanger  it  during  the  removal  of  the 
tumor.  Occasionally  they  are  situated  between  the  bladder  and  the 
uterus. 

Etiology. — Our  knowledge  of  the  cause  of  fibroid  tumors  is  very 
slight.  There  are  a  number  of  hypotheses,  all  of  which  are  mere 
guesses.  By  some  they  have  been  attributed  to  inflammation  in  the 
muscular  structure  of  the  vessels  supplying  the  uterus,  and  this  sup- 
position is  supposed  to  be  confirmed  by  the  occurrence  of  whorls  or 
circular  masses  of  connective  tissue  which  compose  the  fibroid  growth 
and  the  absence  of  distinct  vessels  within  the  growth.  The  growths 
are  found  with  about  equal  frequency  in  married  and  multiparous 
women,  and  in  the  unmarried  and  nulliparous. 

Symptoms. — The  presence  of  symptoms  will  depend  upon  the 
variety  of  the  tumor;  thus,  in  the  interstitial  and  subperitoneal,  the 
growths  attain  to  large  size  without  their  presence  being  suspected. 
In  some  forms  of  the  interstitial  and  in  the  submucous,  hemorrhage  is 
an  early  symptom.  As  the  growths  increase  in  size,  pain  and  abdomi- 
nal cramp  exist  as  a  result  of  the  effort  on  the  part  of  the  uterus  to 
expel  the  developing  mas3,  so  where  a  patient  has  an  increased 
menstrual  flow  or  irregular  bleeding,  has  increasing  distress  at  each 
menstrual  period,  and  attacks  of  severe  abdominal  cramp,  the  sus- 
picion of  the  presence  of  a  fibroid  growth  is  justifiable.  The  increase 
in  size  of  the  tumor  leads  to  pressure  upon  the  surrounding  viscera 
of  the  pelvis,  and  the  earliest  discomfort  is  experienced  from  the 
pressure  upon  the  bladder.  Urination  becomes  frequent,  the  sensation 
of  pressure  and  discomfort,  with  inability  of  the  bladder  to  become 
distended  or  to  retain  for  any  length  of  time  its  contents.  Not 
infrequently  the  first  symptom,  oh  the  contrary,  will  be  an  attack  of 
severe  retention.  An  examination  discloses  as  its  cause  the  presence 
of  a  fibroid  growth  impinging  against  the  neck  of  the  bladder.  Not 
seldom  the  patient  will  complain  of  distress  in  the  rectum  about  the 
anus,  burning  and  sense  of  weight,  discomfort  from  the  presence  of 
hemorrhoids  and  fissures.  The  menstrual  function  may  be  undis- 
turbed, especially  in  the  subperitoneal  and  those  interstitial  growths 
which  have  not  encroached  upon  the  mucosa,  but  in  the  submucous 
and  those  interstitial  tumors  which  impinge  against  this  membrane 
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disturbance  of  menstruation  is  very  frequent.  This  may  occur  in 
the  form  of  prolonged  and  profuse  menstrual  flow,  or  hemorrhage 
which  takes  place  in  the  intermenstrual  period,  or  of  profuse  bleeding 
alternating  with  amenorrhea.  In  addition  the  patient  has  profuse 
leukorrhea,  due  to  an  increased  glandular  secretion.  This  may  be 
purulent,  watery,  or  mixed  with  blood,  not  infrequently  presenting  an 
offensive  odor.  The  increasing  size  of  the  tumor  causes  pain,  which  is 
aggravated  at  the  menstrual  period  by  the  efforts  on  the  part  of  the 
uterus  to  expel  the  growth.  Sometimes  the  tumor,  being  pushed 
into  the  cervical  canal,  acts  as  an  obstruction  to  menstruation,  causing 
violent  dysmenorrhea.  The  changes  in  the  uterine  mucosa  and  irrita- 
tion induced  by  the  presence  of  a  growth  are  among  the  most  prolific 
causes  of  sterility.  As  the  growth  increases  in  size  it  presses  upon  the 
rectum,  producing  constipation.  It  may  produce  pressure  upon  the 
ureter,  leading  to  dilatation  of  the  ureter,  of  the  pelvis  of  the  kidney, 
to  hydronephrosis,  to  sacculation  of  the  kidney,  and  destruction  of 
its  secreting  substance.  The  profuse  bleeding,  the  continuous  dis- 
charge, the  discomfort  from  pressure,  and  the  interference  with  the 
performance  of  the  functions  of  the  viscera  cause  anemia  and  have 
an  injurious  effect  upon  the  general  health.  These  patients,  however, 
while  anemic,  are  not  emaciated  and  do  not  show  a  cachexia  such  as 
is  associated  with  malignant  growths. 

Diagnosis. — As  has  already  been  mentioned,  the  tumor  may  pro- 
duce no  symptoms  and  remain  unsuspected  by  the  patient  until  it  has 
attained  such  a  size  as  to  attract  the  attention  of  others.  As  such 
tumors  increase  in  size,  however,  they  produce  a  sensation  of  weight 
and  pressure,  disturbance  of  urination,  attacks  of  severe  retention  of 
the  urine,  the  development  of  hemorrhoids,  burning  and  pain  on 
defecation,  and  not  infrequently  profuse  bleeding.  The  occurrence 
of  such  symptoms,  or  of  profuse  menstrual  or  irregular  flow,  in  an 
unmarried  woman  or  one  who  has  no  history  of  the  interruption  of 
pregnancy  or  the  occurrence  of  abortion  associated  with  labor-like 
efforts  at  expulsion,  with  marked  anemia  without  emaciation,  should 
lead  to  the  suspicion  of  the  presence  of  a  fibroid  growth,  and  should  be 
considered  as  ample  justification  for  careful  pelvic  investigation. 
When  the  patient  is  examined,  the  tumor  is  recognized  by  its  increased 
consistency  as  compared  with  the  *  surrounding  parts,  by  its  well- 
marked  and  well-defined  outline,  by  the  alteration  in  the  shape  and 
size  of  the  uterus,  and  when  a  number  of  these  masses  occur,  they  will 
be  found  to  present  points  of  induration  with  intervening  softer  spaces, 
the  uterus  will  be  enlarged,  may  be  irregular,  or  where  the  mass  fills 
out  this  body,  may  present  a  spheric  shape.  Such  a  mass  may  be 
partially  or  completely  extruded  into  the  vagina,  supported  by  a 
pedicle  which  may  be  traced  into  the  cervix.  Small  pedunculated 
intra-uterine  fibroid  growths  may  be  felt  to  move  within  the  uterine 
cavity.  Where  the  growth  is  small  and  with  a  short  pedicle,  it  may 
require  palpation  through  a  dilated  cervix  to  determine  its  size  and 
presence.     These  submucous  growths  are  frequently  extruded  through 
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the  uterus  during  menstruation  and  recede  in  the  intervals,  so  that 
it  is  often  wise  to  examine  the  suspected  patient  during  menstruation. 
A  large  growth  may  be  impacted  in  the  pelvis,  cause  pressure  on 
the  pelvic  veins,  induce  edema  of  the  lower  extremities,  or  the  pressure 
may  be  chiefly  upon  one  or  both  ureters,  and,  as  has  been  mentioned, 
result  in  dilatation  of  these  ducts,  of  the  pelvis  of  the  kidney,  and  of 
hydronephrosis,  not  infrequently  the  formation  of  calculi  and  the 
production  of  conditions  which  favor  infection  and  subsequent 
suppuration.  Very  infrequently  it  is  found  that  fibroid  growths  are 
complicated  by  cardiac  changes,  whether  a  result  of  a  condition  which 
was  productive  of  the  fibroid  growth  or  due  to  the  influence  of  toxins 
produced  by  them.  Cardiac  and  renal  lesions  not  infrequently  bring 
about  edema  of  the  extremities,  the  formation  of  thrombi  producing 
phlegmasia,  and  occasionally  pulmonary  and  cerebral  emboli,  which 
may  cause  the  death  of  the  patient.  The  pelvic  examination  should 
be  performed  not  only  to  determine  the  presence  of  the  tumor,  but 
to  differentiate  the  particular  variety,  whether  submucous,  inter- 
stitial, or  subperitoneal.  The  subperitoneal  may  occupy  any  one  of 
three  positions.  Most  frequently  they  are  extruded  from  the  antero- 
posterior wall  of  the  uterus;  less  frequently  they  form  what  are  known 
as  intraligamentary  tumors,  which  are  pushed  out  laterally  from  the 
uterus;  and  still  less  frequent  are  those  which  are  pushed  downward 
and  backward  from  the  posterior  uterine  wall  beneath  the  peritoneum, 
but  not  in  contact  with  it.  In  the  diagnosis  of  fibroids  they  must  be 
differentiated  from  normal  or  extra-uterine  pregnancy,  from  fibroids 
of  the  abdominal  wall,  inversion  of  the  uterus,  carcinoma,  sarcoma, 
incomplete  abortion,  subinvolution  of  the  uterus  with  metritis,  uterine 
displacements,  ovarian  cysts,  pelvic  exudates,  and  floating  kidney; 
from  pregnancy,  by  the  existence  in  the  latter  of  amenorrhea,  the 
rapid  and  progressive  increase  in  size  of  the  uterus,  the  sensation  of 
elasticity,  and  absence  of  any  induration  or  hardness  in  the  walls. 
Occasionally,  however,  when,  as  the  result  of  some  degenerative 
process,  the  tumor  may  become  edematous,  it  is  difficult  to  determine 
with  which  condition  we  have  to  deal.  When  the  history  and  asso- 
ciated signs  are  insufficient  to  determine  the  diagnosis,  it  will  be  well 
to  direct  the  patient  to  return  some  weeks  later  for  another  examina- 
tion, when,  if  pregnancy  exists,  the  changes  will  generally  be  such  as  to 
enable  the  diagnosis  to  be  made.  In  extra-uterine  pregnancy  the 
progress  of  the  case  and  the  early  tendency  to  rupture  of  the  sac  is 
generally  sufficient  to  make  the  diagnosis  clear.  Fibroid  tumor  of 
the  abdominal  wall  is  a  growth  which  occurs  in  the  sheath  of  the 
abdominal  muscles.  It  generally  becomes  dependent,  dragging 
downward,  but  in  rare  cases,  as  it  increases  in  size,  it  is  pushed  into 
the  abdominal  cavity  and  is  covered  by  the  parietal  peritoneum.  In 
such  cases  the  uterus  will  be  situated  below  it  in  the  pelvis,  and  can  be 
found  to  be  movable  upon  it.  A  case  of  this  kind  came  under  my 
observation  where  the  growth  filled  the  abdominal  cavity,  was  so 
smooth  in  its  outline  and  so  firmly  resisting,  that  I  had  no  hesitancy 
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in  believing  that  I  had  a  fibroid  growth  involving  the  uterus,  and  it 
was  only  when  the  abdominal  incision  entered  the  tumor  without 
opening  the  peritoneal  cavity  that  I  realized  the  situation.  The 
tumor,  when  removed,  weighed  19  pounds.  The  differential  diagnosis 
of  inversion  has  already  been  given.  In  carcinoma  the  uterus  is  not 
likely  to  be  much  increased  in  size.  The  disease,  in  the  great  majority 
of  cases,  involves  the  cervix  and  is  palpable.  When  it  develops  in 
the  body,  the  portion  of  the  structure  affected  presents  a  less  well- 
marked  hardness  than  is  displayed  in  the  fibroid  growth.  In  sarcoma 
the  uterus  increases  in  size,  is  soft  and  elastic,  there  are  profuse 
bleeding,  offensive  discharge,  and  marked  constitutional  symptoms. 
In  incomplete  abortion  the  history  of  the  case  and  the  enlargement 
of  the  uterus  without  any  well-defined  hardening,  will  generally 
excite  a  suspicion  of  its  true  character.  In  subinvolution  with 
metritis  the  entire  uterus  is  uniformly  enlarged.  In  small  fibroids 
within  the  uterine  cavity  it  may  be  necessary  to  palpate  the  cavity 
in  order  to  determine  the  presence  or  absence  of  growths.  In  uterine 
displacements  the  condition  is  determined  by  bimanual  palpation, 
through  which  we  are  enabled  to  outline  and  determine  the  size  of  the 
uterus,  and  that  a  mass  in  the  anterior  or  posterior  wall  is  the  fundus 
of  the  organ  so  situated  from  flexion.  Ovarian  cysts  may  be  so  closely 
adherent  to  the  uterus  as  to  be  supposed  a  part  of  it,  but  there  is 
generally  a  sensation  of  fluctuation,  and  careful  investigation  shows 
that  the  uterus  lies  against  the  tumor  rather  than  is  a  part  of  it.  In 
pelvic  exudates  the  mass  is  irregular  and  melts  off  into  the  surrounding 
structures  in  such  a  way  as  to  appear  as  a  well-defined  growth,  as  it 
would  were  it  a  fibroid.  Floating  kidney  can  rarely  be  mistaken  for 
a  fibroid  growth.  Its  greater  mobility  and  the  possibility  of  pushing 
it  away  from  the  uterus  are  sufficient  to  exclude  its  being  mistaken 
for  such  a  growth.. 

Alterations  and  Degenerations. — As  already  stated,  fibroid  tumors 
which  have  been  in  existence  for  some  time  undergo  a  form  of  maturity 
in  which  they  are  surrounded  by  a  distinct  and  well-defined  capsule 
of  cellular  tissue,  abundantly  supplied  with  blood-vessels.  The 
tumor  itself  obtains  its  nutrition  by  a  process  of  transudation  of 
fluids.  Interference  with  the  nutrition  of  the  tumor,  whither  by  the 
contractile  efforts  of  the  uterus  to  expel  it  or  from  other  causes,  leads 
to  further  alterations.  One.  of  the  most  frequent  of  these  is  the 
spreading  apart  of  the  structure  of  the  tumor  by  the  accumulation 
of  fluid  within  it,  the  tumor  becoming  edematous.  I  have  seen  this 
occur  to  such  an  extent  that  the  mass  was  supposed  to  be  a  cystic, 
rather  than  a  solid,  growth.  Such  a  condition  is  not  infrequently 
difficult  to  differentiate  from  pregnancy  on  the  one  hand,  and,  on 
the  other,  from  an  areolar  ovarian  cyst.  In  some  cases  the  spreading 
apart  of  the  structure  of  the  fibroid  growth  becomes  permanent  and 
the  tumor  is  really  cystic.  Such  growths  are  known  as  fibrocystic 
tumors.  In  others,  portions  of  the  structure  undergo  liquefaction  or 
a  myxomatous  degeneration,  so  that  numerous  spaces  are  filled  with 
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a  colloid  material.  These  are  known  as  fibromyxomata.  In  some 
cases  the  interference  with  the  circulation  in  the  tumor  causes  a 
deposit  of  the  salts  of  the  serum  upon  the  surface  and  in  the  structure 
of  the  tumor.  Where  this  exists  for  a  length  of  time,  the  growth 
becomes  quite  hard,  and  firm.  An  intra-uterine  tumor  of  this  kind 
may  subsequently  separate  from  the  uterus  and  be  discharged. 
Such  an  alteration  has  undoubtedly  been  the  explanation  of  the  cases 
in  which  it  was  supposed  that  an  egg-like  mass  had  been  thrown  off. 
Such  changes  are  known  as  calcification.  They  are  quite  common 
where  the  growth  has  been  carried  for  a  long  period  of  time. 

Interference  with  the  nutrition  of  the  growth  may  result  in  partial 
loss  of  vitality,  producing  symptoms  of  inflammation.  The  inflamma- 
tion generally  exists  around  the  tumor,  rather  than  in  its  structure,  and 
it  will  be  found  that  the  tumor  is  surrounded  by  an  extensive  exudate, 
rendering  demarcation  difficult,  or,  where  it  has  existed  for  a  length 
of  time,  extensive  adhesions  between  it  and  the  intestines  or  the 
abdominal  parietes  may  lead  to  nutrition  of  the  growth,  independent 
of  its  original  attachment.  Where  the  vitality  of  the  tumor  is  to  a 
considerable  degree  destroyed,  its  powers  of  resistance  are  lessened, 
and  its  proximity  to  the  intestines  may  lead  to  infection  and  suppura- 
tion. An  abscess  thus  formed  may  be  walled  off,  and  the  tumor,  to  a 
large  extent,  undergo  disintegration.  Such  a  patient  suffers  from  all 
the  symptoms  characteristic  of  a  septic  process — elevation  of  tem- 
perature, recurrence  of  chills,  and  progressive  emaciation.  The  loss 
of  vitality  may  be  such  that  the  entire  tumor  becomes  gangrenous, 
disintegrates,  drags  down,  and,  when  intra-uterine,  may  be  thrown 
off  through  the  uterus  and  vagina.  If  situated  within  the  abdomen, 
however,  it  becomes  a  foreign  body.  The  toxins  generated  within  the 
growth  are  absorbed,  causing  marked  depression,  often  a  condition 
of  collapse,  and  indicate  the  existence  of  some  profound  disorder. 
Fibroid  growths  are  not  infrequently  associated  with  malignant  de- 
generation. The  latter  may  be  in  an  entirely  separate  portion  of  the 
uterus;  thus  I  have  seen  carcinoma  of  the  cervix  with  fibroid  growth 
of  the  body.  In  other  cases  the  degeneration  exists  over  the  entire 
mucous  membrane  of  the  uterus,  forming  an  adenocarcinoma  of  the 
uterine  body.  It  is  quite  possible  that  the  increased  irritation  of  the 
uterine  cavity  induced  by  the  presence  of  the  growth  may  be  an 
exciting  cause  of  the  malignant  disease.  Occasionally  it  is  found  that 
a  tumor  is  the  site  of  sarcomatous  degeneration,  and  this  process 
may  spread  until  the  entire  tumor  has  become  malignant.  Indeed, 
this  complication  exists  with  sufficient  frequency  to  lead  to  the 
supposition  that  it  is  one  of  the  degenerations  incident  to  fibroid 
growths. 

Complications. — The  irritation  of  the  fibroid  growth  within  the 
uterine  cavity  generally  leads  to  so  much  inflammation  of  the  endo- 
metrium that  the  disorder  known  as  interstitial  endometritis  is  of 
common  occurrence.  The  irritation  thus  induced  greatly  lessens  the 
resistance  to  infection,  so  that  inflammation  may  extend  through  the 
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uterine  cavity  to  the  Fallopian  tubes,  developing  tubal  disease;  con- 
sequently the  individual  suffering  from  fibroid  growths  will  not 
infrequently  be  found  to  have  also  obliteration  of  the  tubes  and  an 
accumulation  of  fluid  within  them.  The  presence  of  a  growth  which 
has  existed  for  some  time  and  has  undergone  marked  fibrous  change 
is  sufficient  to  irritate  the  peritoneum  and  frequently  cause  ascites. 
Whether  the  latter  is  due  to  the  irritation  of  the  tumor,  to  the  formation 
of  some  particular  toxin,  or  to  other  causes  is  difficult  to  determine. 
The  responsibility  of  the  tumor  for  its  occurrence,  however,  is  evident 
in  the  fact  that,  in  the  great  majority  of  cases,  the  ascites  disappears 
after  its  removal.  Hematoma  of  the  ovary  is  so  frequently  found 
associated  with  fibroid  tumors  as  to  lead  one  to  feel  inclined  to  attri- 
bute to  the  growth  some  influence  in  the  production  of  the  condition. 
This  degeneration  is  more  likely  to  be  found  where  the  growth  has 
existed  for  a  long  time.  Sometimes  both  ovaries  are  filled  wTith  an 
accumulation  of  dark,  fluid  blood,  each  ovary  forming  a  thin-walled 
sac  with  more  or  less  of  adhesions,  the  attempt  to  separate  which 
results  in  the  rupture  of  the  sac  and  the  escape  of  its  contents.  Where 
the  operator  has  not  been  prepared  for  such  an  occurrence,  the  intes- 
tines may  be  extensively  soiled.  The  fluid,  however,  seems  to  be 
innocuous,  and  very  rarely  does  the  patient  experience  any  incon- 
venience from  the  rupture. 

Another  complication  of  myomata  may  be  the  presence  of  preg- 
nancy. The  presence  of  fibroid  tumors  is  considered  to  be  a  cause. of 
sterility,  and  such  patients  are  not  so  likely  to  become  pregnant. 
This  is  especially  true  where  the  tumor  is  situated  within  the  uterine 
cavity,  is  of  the  submucous  variety,  either  pedunculated  or  sessile. 
Pregnancy  does  occur,  however,  sufficiently  often  to  be  remembered 
as  a  possibility  or  as  an  explanation  for  a  rapid  growth  or  of  some 
marked  idiosyncrasy  in  its  progress.  WThere  pregnancy  coexists,  it 
becomes  a  matter  of  interest  to  observe  its  progress,  as  we  are  unable 
to  say  in  any  individual  case  what  influence  it  will  exert  upon  the 
growth.  Occasionally,  under  the  more  active  metabolism  engendered 
by  the  pregnancy,  the  tumor  disappears  and  is  completely  absorbed. 
Such  an  occurrence  has  not  infrequently  led  a  physician  who  has  seen 
a  patient  in  whom  myoma  has  been  diagnosed,  and  when  careful 
examination  at  the  time  she  comes  under  his  later  observation  fails 
to  disclose  any  sign  of  the  tumor,  to  condemn  his  predecessor  as  either 
having  misrepresented  the  condition  or  having  been  mistaken  in  his 
diagnosis.  But  the  fact  that  these  tumors  do  disappear  should 
render  him  cautious  and  charitable. 

The  growth  more  frequently,  however,  partakes  of  the  accelerated 
activity  of  the  circulation  in  the  uterus  and  increases  in  size.  This 
increase  may  be  so  marked  as  to  necessitate  operative  interference 
during  the  course  of  the  pregnancy,  in  order  to  save  the  life  of  the 
patient,  as  the  abdominal  distention  may  interfere  with  the  heart's 
action  and  with  respiration.  The  presence  of  a  myoma  does  not 
exert  any  special  influence  on  the  progress  of  the  pregnancy  unless 
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through  the  rapid  growth  just  mentioned.  Its  effect  upon  the 
subsequent  labor  will  depend  largely  upon  the  situation  and  number 
of  the  growths.  If  they  are  situated  near  the  cervix,  they  may 
become  impacted  in  the  pelvis  and  so  fill  it  as  to  render  delivery 
impossible  unless  preceded  by  removal  of  the  growth.  The  enuclea- 
tion of  such  a  growth  as  a  preliminary  to  delivery  opens  up  a  large 
amount  of  connective  tissue  which  has  been  more  or  less  injured  and 
will  be  further  subjected  to  trauma,  consequently  affording  soil  the 
most  favorable  for  infection.  The  presence  of  growths  in  the  wall  of 
the  body  of  the  uterus,  although  entirely  out  of  the  field  which  will 
be  occupied  by  the  delivery  of  the  fetus,  may  render  uterine  con- 
tractions ineffective  and  futile.  The  dilatation  of  the  cervix  conse- 
quently is  not  accomplished,  and  surgical  measures  must  be  resorted 
to  for  the  delivery  of  the  patient,  so  that  not  only  is  the  mother  the 
victim  of  the  double  condition,  but  also  the  fetus  is  endangered  by 
the  presence  of  fibroid  growths  within  the  uterus. 

Course  and  Prognosis. — As  has  already  been  mentioned,  small 
subperitoneal  or  interstitial  fibroids  may  give  rise  to  no  symptoms 
whatever.  They  may  remain  quiescent  for  a  long  period  of  time, 
gradually  increase  in  size  until  a  tumor  is  formed  which  reaches  the 
umbilicus,  and  yet  will  not  threaten  life  either  directly  or  indirectly, 
as  would  cancer  of  this  organ.  A  well-marked  tumor  is  often 
developed,  readily  recognizable  by  others,  but  so  insidious  in  its 
progress  as  not  to  be  observed  by  the  patient  until  some  special 
condition  leads  her  to  recognize  it  herself  or  it  is  recognized  by  a 
physician  who  examines  the  abdomen  for  some  other  condition. 
The  submucous  and  interstitial  growths  which  encroach  upon  the 
uterine  cavity  produce  symptoms  much  earlier.  In  these  the  symp- 
toms are  those  resulting  from  disturbance  in  menstruation  either  in 
its  prolongation  and  increased  flow  or  irregular  bleeding.  The  hemor- 
rhage may  be  an  indication  of  nature's  effort  to  separate  the  growth 
or  the  result  of  interstitial  endometritis  induced  by  its  irritation. 
Fibroid  growths,  as  they  increase  in  size  and  the  individual  approaches 
the  climacteric,  are  very  prone  to  undergo  degenerative  changes, 
such  as  have  already  been  mentioned,  which  make  it  desirable  that 
some  operative  procedure  should  be  employed.  The  interference 
with  the  circulation  of  the  pelvis  or  the  formation  of  toxins  which 
enter  the  circulation  has  a  deleterious  influence  upon  the  heart,  induc- 
ing cardiac  complications.  Cardiac  lesions  are  so  common  as  to  lead 
to  the  supposition  that  the  presence  of  fibroids  is  an  exciting  cause 
for  degenerative  processes  in  that  organ. 

The  symptoms  produced  by  fibroids  generally  abate  at  the  meno- 
pause, but  the  occurrence  of  the  latter  may  frequently  be  delayed  for 
several  years;  thus,  a  woman  who,  under  ordinary  circumstances 
would  cease  to  menstruate  at  forty-five,  would  continue  with  a  flow 
unabated  ten  years  later,  and  the  recurring  hemorrhages  be  so  serious 
as  to  indicate  the  necessity  for  some  active  interference.  The  operator 
is  often  asked  as  to  the  necessity  of  operation  for  fibroid  growths. 
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When  we  consider  the  various  degenerative  changes  to  which  they  are 
subjected,  such  as  inflammation,  suppuration,  gangrene,  calcification, 
and  malignant  disease,  either  carcinoma  or  sarcoma,  and  with  these 
conditions  in  view  analyze  a  large  number  of  cases,  it  can  safely  be 
said  to  the  patient  that  she  stands  less  risk  through  an  operative 
procedure  for  the  removal  of  the  growth  than  she  would  if  she  con- 
tinues to  carry  it.  A  woman  suffering  from  fibroid  tumors  who 
becomes  pregnant  naturally  is  very  anxious  as  to  the  probable  result. 
The  existence  of  the  fibroid,  especially  when  it  occupies  the  uterine 
cavity,  increases  the  tendency  to  abortion.  The  growth  may  prove 
a  cause  of  dystocia  or  it  may  undergo  changes  subsequent  to  the 
parturition  which  may  endanger  the  life  of  the  patient. 

Treatment. — The  treatment  of  fibroid  growths  will  depend  upon 
the  size  of  growths,  their  situation,  and  the  constitutional  effects. 
As  these  growths  increase  in  size,  the  uterus  necessarily  becomes 
heavy.  It  is  consequently  desirable  that  the  intra-abdominal  pressure 
should  be  diminished  and  the  patient  will  consequently  be  advised 
to  wear  loose  clothing,  to  keep  her  bowels  well  regulated,  and  to  avoid 
causes  productive  of  uterine  engorgement.  It  has  been  suggested 
that  the  patient  may  be  placed  upon  a  diet  which  deprives  her  of  the 
materials  which  are  largely  found  in  the  fibroid  growth,  and  in  this 
way  make  the  tissues  use  up  the  superfluous  material.  The  treatment 
is  usually  divided  into  medical,  electric,  and  surgical.  It  was  formerly 
the  custom  to  administer  large  doses  of  ergot,  continued  over  a  long 
period,  with  the  view  of  increasing  the  activity  of  the  muscular  struc- 
ture of  the  uterus  and  thus  facilitate  the  extrusion  of  the  mass,  either 
as  a  submucous  or  subperitoneal  growth.  This  method  of  treatment, 
however,  requires  so  long  a  period  to  produce  its  effect,  led  to  degen- 
erative changes  in  other  portions  of  the  body  as  the  result  of  the 
influence  of  the  drug,  that  it  is  no  longer  advocated.  The  electric 
treatment  for  a  time  found  many  enthusiastic  advocates,  especially 
after  the  systematic  employment  of  measured  currents,  as  introduced 
by  Apostoli.  The  galvanic  current  was  employed,  either  the  positive 
or  negative  pole  inserted  into  the  uterine  cavity,  according  to  the 
purpose  desired.  Then  the  external  pole  was  applied,  with  a  large 
electrode  over  the  abdomen.  Through  this  measured  current  from 
50  to  100  milliamperes  were  employed,  and  repeated  as  the  condition 
of  the  patient  would  permit.  YVhen  the  patient  suffered  from  a  tend- 
ency to  bleed  and  it  was  desired  to  control  the  hemorrhage,  the 
positive  pole  was  employed  in  the  uterine  cavity  for  its  electrolytic 
action.  Where  the  purpose,  on  the  contrary,  was  to  decrease  the  size 
of  the  tumor,  the  negative  pole  was  inserted  within  the  uterus  or 
thrust  directly  into  the  substance  of  the  tumor,  in  this  way  producing 
a  marked  chemic  effect  which  led  to  disintegration  and  absorption  of 
the  tumor.  It  was  found,  however,  that  it  required  repeated  treat- 
ment to  establish  changes  in  the  uterine  mucosa  sufficient  to  arrest 
hemorrhage,  and  that  the  employment  of  the  negative  pole  for  the 
purpose  of  reducing  the  size  of  the  tumor  was  not  only  tedious,  but 
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dangerous.  The  method  of  treatment  has  a  place  in  cases  where  the 
patient  is  unwilling  to  undergo  operation,  or  when  her  condition  of 
health  is  such  as  to  render  operative  procedure  especially  perilous. 

Surgical  Treatment. — The  surgical  treatment  consists  in  the 
removal  of  the  growth,  through  either  the  vagina  or  the  abdomen. 
Where  the  tumur  is  situated  within  the  uterus,  shows  a  disposition  to 
be  extruded,  and  is  otherwise  comparatively  free  from  growths,  the 
vagina  affords  an  opportunity  for  various  operative  procedures,  for 
either  the  complete  removal  of  the  uterus  including  the  tumor  or  the 
preservation  of  the  uterus  and  the  sacrifice  of  the  growth.  The  tumor 
may  be  removed  through  the  vagina  by  torsion,  excision,  enucleation 
or  morcellement,  and,  finally,  by  hysterectomy.  The  procedure  of 
election  will  depend  entirely  upon  the  size  and  situation  of  the  growth. 
Where  the  tumor  is  pedunculated,  has  been  expelled  from  the  uterine 
cavity,  or  can  be  rendered  readily  accessible  through  dilating  the 
cervix,  it  may  be  very  readily  removed  by  torsion.  This  consists 
in  grasping  the  tumor  with  a  strong  pair  of  vulsellum  forceps.  When 
this  is  a  four-pronged  instrument,  the  tumor  can  be  rotated  until  its 
pedicle  is  completely  twisted  off,  after  which  it  is  delivered  by  traction. 
Occasionally  such  a  growth  in  the  vagina  may  be  so  large  as  to  render 
its  delivery  through  the  vulva,  especially  in  the  undilated  vagina, 
exceedingly  difficult,  and  I  have  in  some  instances  had  to  divide  the 
tumor,  removing  a  portion  of  it  and  thus  reducing  its  size.  Another 
plan  for  removing  such  a  tumor  is  by  excision  of  its  pedicle.  If  the 
tumor  is  situated  in  the  vagina,  it  may  be  of  considerable  size,  ren- 
dering difficult  the  passage  of  an  instrument  over  it  to  its  neck.  The 
tumor  is  drawn  down  as  far  as  possible,  the  finger  as  a  guide  is  inserted 
through  the  vagina  into  the  uterine  canal,  then  a  pair  of  scissors  is 
introduced  with  the  blades  closed  until  they,  reach  the  pedicle  of  the 
tumor,  when  they  are  separated,  and,  with  the  finger  already  men- 
tioned, acting  as  a  guide,  the  pedicle  can  be  brought  between  the 
blades  of  the  scissors  and  cut  through.  This  method  of  procedure 
was  formerly  considered  to  be  dangerous,  causing  peril  to  the  patient 
from  hemorrhage,  but  it  is  now  recognized  that,  with  gauze  packing 
carried  into  the  uterine  canal,  any  bleeding  likely  to  occur  from  such 
a  growth  can  be  controlled,  so  that  the  application  of  the  e>rascur 
for  division  of  the  pedicle  of  such  a  growth  is  no  longer  resorted  to. 

The  third  method  of  removal  of  the  growth  is  applicable  to  those 
cases  which  have  not  been  extruded  from  the  cavity  of  the  womb 
and  are  attached  by  a  broad  base,  either  sessile  or  situated  within  the 
wall  of  the  uterus.  In  such  cases  it  may  be  necessary  to  split  the 
cervix  in  order  to  reach  the  tumor.  The  point  of  the  incision  will 
depend  on  the  situation  of  the  growth;  thus,  within  the  cavity  of  the 
uterus,  the  incision  may  be  bilateral.  If  situated  in  the  anterior  or 
posterior  wall,  the  incision  should  be  made  through  the  corresponding 
lip  or  in  the  anterior  wall.  The  incision  may  be  made  over  the  anterior 
fornix  of  the  vagina,  the  bladder  pushed  up  and  then  a  transverse 
incision  made  at  the  upper  portion  of  the  cervix,  and  the  tumor  thus 
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exposed.  An  incision  may  be  made  transverse,  and,  if  necessary,  a 
second  vertical  incision  may  be  added.  The  tissues  are  pushed  back 
and  the  growth  seized  with  double  tenaculum  and  separated  by  blunt 
dissection,  either  with  the  finger  or  a  dissector.  In  this  way  the  tumor 
can  be  enucleated  from  its  bed.  The  enucleation  may  thus  take 
place  from  the  anterior  wall,  the  posterior  wall,  or  the  cavity  of  the 
uterus,  according  to  the  situation  of  the  growth.  Where  the  opening 
is  accessible,  it  may  at  once  be  closed.  Where  it  is  within  the  cavity 
of  the  uterus,  it  is  well  to  introduce  a  wick  of  gauze  for  drainage  and 
then  to  suture  the  incision  in  the  neck,  whether  unilateral  or  bilateral. 
Morcellement  is  the  removal  of  the  tumor  piecemeal,  and  is  applicable 
to  those  growths  which  are  too  large  to  be  readily  brought  through  the 
canal.  The  tumor  is  exposed  either  through  the  cervical  canal  or  by 
incisions,  as  already  suggested  for  enucleation.  A  portion  of  the 
growth  is  then  seized  with  double  tenaculum  fixation  forceps,  drawn 
down,  and  a  section  of  it  cut  out.  This  can  best  be  accomplished 
with  curved  scissors  or  preferably  with  a  double-edged  bistoury. 
Before  removing  the  section,  it  is  well  that  the  remaining  portion  of 
the  tumor  should  be  fixed  with  a  pair  of  forceps,  so  that  it  can  be 
readily  retained  in  sight.  This  procedure  may  go  on  until  the  tumor 
is  sufficiently  reduced  to  permit  of  its  ready  removal.  With  the 
completion  of  the  operation  it  is  wise  to  follow  the  course  already 
suggested  of  the  union  of  the  divided  surfaces.  Provision  should  be 
made,  however,  for  drainage  by  the  introduction  of  a  wisp  of  gauze. 

Hysterectomy. — See  Vaginal  Hysterectomy,  p.  540.  The  abdomi- 
nal procedures  may  be  denominated  as  myomectomy,  enucleation, 
supravaginal  hysterectomy,  and  panhysterectomy. 

Myomectomy  and  Enucleation. — The  abdominal  cavity  is  opened 
in  the  median  line;  the  uterus  occupied  by  the  growths  is  raised. 
When  these  growths  are  situated  on  the  external  surface,  with  more 
or  less  marked  pedicle,  the  pedicle  may  be  divided  in  double  flaps  and 
the  growth  removed,  after  which  the  hemorrhage  is  controlled  by  a 
catgut  suture,  and,  finally,  the  flaps  sutured  together,  covering  the 
stump  with  peritoneum.  A  number  of  fibroid  growths  may  thus  be 
removed  from  the  same  uterus,  and  the  organ  still  be  retained  in  a 
condition  permitting  it  to  perform  its  proper  functions. 

Enucleation  consists  in  the  removal  of  growths  that  are  situated 
within  the  wall  of  the  uterus,  either  in  the  wall  or  in  the  uterine 
cavity.  An  incision  is  made  over  the  growth,  through  which  it  is 
seized  with  fixation  forceps,  and,  as  traction  is  made  upon  it,  the 
tissues  are  pushed  back  with  the  blunt  dissector  or  with  the  finger, 
and  the  tumor  thus  completely  removed.  Wrhere  a  number  of  fibroids 
exist,  the  aim  should  be  to  remove  as  many  of  them  as  possible 
through  one  incision,  as  otherwise,  where  a  number  exist,  the  uterine 
wall  would  be  pretty  well  destroyed  by  the  number  of  incisions.  After 
the  enucleation  has  been  made,  the  openings  are  closed  first  by  deep 
sutures,  dipping  down  to  but  not  into  the  mucous  membrane.  A 
number  of  sutures  are  introduced  to  bring  the  parts  into  apposition; 
vol.  v — 34 
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then  intermediate  sutures  are  inserted,  bringing  together  the  super- 
ficial edges  of  the  wound  and  a  portion  of  the  wall.  After  these 
sutures  are  tied  a  continuous  catgut  suture  is  introduced,  carrying  the 
peritoneum  on  either  side  over  the  line  of  the  wound.  In  this  way  a 
number  of  growths  can  be  removed  and  a  uterus  retained  which  is 
capable  of  gestation. 

Supravaginal  Hysterectomy  and  Panhysterectomy. — See  Hyster- 
ectomy, p.  539. 

Carcinoma  Uteri. — For  carcinoma  in  general  and  the  pathology 
of  the  condition  in  the  uterus  see  Vol.  I. 

Carcinoma  may  affect  any  portion  of  the  mucosa  of  the  uterus. 
It  is  divided,  according  to  its  location,  into  first,  carcinoma  of  the 
portio  vaginalis,  i.  e.,  that  portion  of  the  cervix  situated  between 
the  external  os  and  the  insertion  of  the  vagina;  second,  when  the 
disease  affects  the  cervix  and  is  situated  between  the  internal  and 
the  external  os;  and  third,  carcinoma  of  the  body  of  the  uterus,  or 
that  portion  of  it  above  the  internal  os. 

Carcinoma  occurs  in  various  organs  of  the  body  in  both  sexes,  but 
of  the  gross  number,  nearly  one-third  the  cases  are  uterine.  For  this 
reason  twice  as  many  women  as  men  die  from  carcinoma. 

Histologically,  the  disease  is  divided  into  the  squamous-cell  and 
the  cylindric-cell  carcinoma.  The  former  is  known  as  epithelioma, 
and  the  latter  as  adenocarcinoma.  The  most  frequent  form  of  the 
disease  is  the  squamous-cell  carcinoma,  involving  the  vaginal  portion 
of  the  cervix.  Next  to  this  is  the  adenocarcinoma  of  the  cervix. 
The  squamous-cell  carcinoma  may  develop  in  either  the  anterior  or 
the  posterior  lip,  or  be  situated  at  the  site  of  an  old  laceration.  It 
begins  with  small,  papilla-like  nodules,  which  are  hard  at  the  base  and 
more  or  less  friable  on  the  surface,  and  bleed  on  the  slightest  manipula- 
tion. This  nodule  consists  of  a  proliferation  of  the  epithelial  cells, 
bluish  white  on  the  surface.  On  section,  two  well-marked  zones  are 
distinguished — the  first,  a  peripheral  zone  of  a  yellowish  gray  color, 
the  consistence  of  brain  tissue,  which  readily  breaks  down  under 
manipulation;  the  second,  or  basal  zone,  is  in  juxtaposition  with  the 
cervical  tissue,  is  yellowish  white  in  appearance,  and  of  cartilaginous 
consistency,  due  to  the  infiltration  of  the  epithelial  cells.  These  are 
collected  in  nests  surrounded  with  fibrous  striations  of  the  connective 
tissue.  These  collections  consist  of  friable  homogeneous  tissue,  the 
so-called  cancer  nests.  Pressure  upon  these  surfaces  extrudes  the 
collection,  presents  small  shallow  depressions  which  should  not  be 
confounded  with  dilated  glands  of  Naboth.  Small  papillary  pro- 
jections develop  rapidly  and  form  cauliflower-like  masses — the  con- 
dition known  as  cauliflower  cancer.  Where  this  has  existed  for  a 
length  of  time,  the  entire  vagina  may  be  filled  writh  a  large,  rounded 
mass,  grayish  white  in  appearance,  the  surface  covered  with  slough 
and  exudate,  while  the  entire  tissue  is  exceedingly  friable,  easily 
broken  down,  and  bleeds  profusely.  As  the  disease  advances  it 
progresses  toward  the  vagina,  and  may  involve  it  and  the  subjacent 
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tissue.  Infiltration  also  extends  into  the  structure  of  the  cervix,  and 
in  some  cases,  instead  of  the  proliferation  and  cauliflower  growth, 
we  will  find  that  the  surface  breaks  down,  becomes  excavated,  presents 
roughened,  undermined  edges,  with  a  base  that  is  indurated,  hard, 
and  covered  with  friable  tissue.  Close  investigation  of  neoplasms 
discloses  glistening  white  trabecule  of  fibrous  tissue  which  constitute 
the  stroma,  and  thin  sections,  when  compressed  and  washed  out, 
present  a  sieve-like  structure  showing  the  stroma  within  the  cell 
collection.  There  are  no  symptoms  which  indicate  the  development 
of  this  early  condition,  so  that  the  disease  is  rarely  discovered  in  its 
early  stage. 

In"  the  second  stage  there  is  a  moderate  disintegration,  breaking 
down  of  the  surface  of  the  disease,  and  associated  decided  symptoms, 
which  usually  lead  to  its  recognition.  The  patient  has  profuse, 
irregular  bleeding,  aggravated  by  touch  and  the  marital  relation. 
Examination  discloses  a  partial  or  total  destruction  of  the  cervix 
or  an  irregular,  cauliflower,  fungating  mass,  which  bleeds  with  the 
slightest  touch  and  is  easily  broken  down,  causing  the  discharge  of 
granular  or  brain-like  tissue.  The  base  of  the  structure  consists  of 
a  yellowish  white,  hard,  cartilage-like  tissue,  and  may  extend  into 
the  vault  of  the  vagina  and  the  connective  tissue  of  the  broad  liga- 
ments. 

The  third  stage  is  characterized  by  extensive  or  complete  destruc- 
tion of  the  cervix  extending  to  the  circumjacent  structures.  This 
form  is  recognized  from  the  history  alone,  and  without  a  vaginal 
examination.  The  entire  cervix  is  destroyed,  and  the  disease  extends 
upward  into  the  cavity  of  the  organ,  often  presenting  a  sloughing, 
crater-like  cavity,  and,  when  the  diseased  tissue  is  scraped  out,  it 
leaves  the  womb  a  mere  shell.  Before  this,  however,  it  has  invaded 
the  structures  upon  either  side,  so  that  the  parametrial  tissues  are 
extensively  involved  and  the  uterus  well  fixed.  When  it  extends 
forward,  involving  the  anterior  wall  of  the  vagina,  the  bladder  may 
also  become  involved,  and  when  this  breaks  down,  it  leads  to  the 
formation  of  a  fistula.  Not  infrequently  the  ureter  is  involved  or 
surrounded  by  a  mass  of  infiltrate  which  compresses  it  and  interferes 
with  the  passage  of  the  urine  into  the  bladder.  Fistulous  communi- 
cations are  often  found  between  the  bladder  and  the  vagina  or  the 
rectum  and  the  vagina. 

Adenocarcinoma  of  the  cervix  has  its  origin  in  cylindric  cells 
covering  its  mucous  membrane.  It  may  begin  either  in  the  super- 
ficial cells  or  in  those  lining  the  glands  of  the  canal.  It  probably  has 
a  combined  origin  from  both  the  glandular  and  surface  epithelia.  It 
may  begin  as  a  rounded  nodule,  and  involve  almost  the  entire  cervix 
before  disintegration  follows,  or  it  may  develop  in  the  form  of  tuber- 
cles, nodules,  or  papillary  growths  within  the  lumen  of  the  cervical 
canal,  which  fill  up  its  cavity  or  extrude  from  the  os,  while  the  external 
surface  of  the  cervix  is  slightly  involved.  Occasionally  the  entire 
cervical    canal   is   involved    without   any   pathologic    changes   being 
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perceptible  about  the  external  os.  It  appears  as  a  hard,  firm,  waxy 
mass.  In  other  cases  the  disease  is  associated  with  extensive  inflam- 
mation of  the  diseased  mucous  membrane,  as  well  as  the  muscle  and 
cervical  wall,  which  causes  thickening  and  hardening  of  the  entire 
cervix.  As  the  disease  advances  nodules  undergo  necrosis,  leaving 
a  sloughing,  crater-like  cavity  in  place  of  the  canal.  When  the 
disease  is  confined  to  the  upper  part  of  the  canal,  it  may  remain  for 
a  considerable  time  wholly  unsuspected.  As  it  progresses,  it  gradually 
extends  downward  and  breaks  through  the  external  os,  but  more 
frequently,  unless  laceration  of  the  cervix  has  previously  existed,  it 
breaks  through  the  cervical  wall  into  the  parametrium  before  the 
change  is  manifest  outside  the  external  os.  The  cervix  above  the 
internal  os  may  be  extensively  disintegrated  before  the  disease  breaks 
through  the  latter.  The  ulceration  rapidly  penetrates  the  cervical 
wall,  invades  the  parametrial  connective  tissue,  and  this  may  take 
place  without  any  break  in  the  continuity  or  any  disturbance  of  the 
squamous  epithelium  of  the  portio  vaginalis.  Observation  of  the 
destructive  influence  of  glandular  infection  of  the  cervix  affords  an 
explanation  for  the  rapid  invasion  and  penetration  of  the  cervical 
wall,  as  we  not  infrequently  find  the  entire  cervix  involved  in  cystic 
degeneration  of  the  cervical  glands.  Occasionally  the  uterine  mucous 
membrane  may  be  the  seat  of  isolated  cancer  nests,  the  result  of 
metastasis.  The  disease  may  penetrate  the  peritoneum,  but  the 
vesicocervical  septum  is  more  frequently  invaded.  The  ureter  is 
probably  involved  in  this  form  of  disease  more  often  than  the  bladder. 
Adenocarcinoma  of  the  Body  of  the  Uterus. — Adenocarcinoma  of 
the  body  of  the  uterus  has  its  origin  in  the  mucous  membrane  lining 
the  cavity,  and  arises  either  from  its  epithelium  or  from  that  lining 
the  tubular  glands.  It  occurs  later  in  life,  and  is  more  likely  to 
develop  in  women  who  have  not  given  birth  to  children.  It  conse- 
quently affords  the  most  hopeful  outlook  of  any  of  the  different 
varieties  of  uterine  cancer.  It  may  have  its  origin  at  any  point  in  the 
cavity  above  the  internal  os.  It  is  unusual  for  the  disease  to  extend 
toward  the  internal  os,  and  it  rarely  reaches  the  external  os.  It  may 
begin  as  a  circumscribed  nodule,  springing  from  the  surface  of  the 
mucous  membrane,  and  consists  of  several  delicate,  papilla-like  proc- 
esses. These  processes  may  be  irregular  in  their  outline,  or  the 
surface  of  the  growth  may  appear  perfectly  smooth.  The  nodule 
gradually  increases  in  size  and  extends  about  its  base,  so  that  several 
smaller  nodules  will  frequently  be  found.  I  have  seen  it  appear  like 
a  simply  polypus,  beginning  in  a  few  glands,  and  project  from  the 
mucous  membrane  like  a  cauliflower  growth  of  the  cervix,  the  pro- 
liferation increasing  until  the  entire  cavity  is  filled,  and  yet  it  may 
have  only  a  small  point  of  attachment  to  the  surface.  Such  a  growth 
may  resemble  the  benign  mucous  polypus,  but  is  more  fragile;  its  sur- 
face is  less  smooth,  and  it  is  more  prone  to  hemorrhage.  The  pro- 
liferated mass  also  is  much  larger  in  comparison  to  the  size  of  its 
pedicle  than  is  found  in  any  benign  growth.     The  disease  of  the  body 
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is  generally  a  localized  growth,  though  occasionally  it  may  apparently 
simultaneously  involve  the  entire  mucous  membrane.  The  projec- 
tions or  outshoots  grow  toward  the  direction  of  least  resistance,  and 
consequently  fill  up  the  entire  uterine  cavity.  Such  a  uterus  will  be 
somewhat  enlarged,  feel  more  or  less  boggy,  with  possibly  points  of 
infiltration  and  hardness.  The  disorder  may  be  suspected  from  the 
increased  hemorrhage  and  offensive  discharge.  The  diagnosis  is  made 
sure  by  dilatation  of  the  cervix  and  the  introduction  of  the  finger, 
which  reveals  the  cavity  filled  with  a  soft,  friable,  grayish  yellow 
material,  with  a  more  or  less  hardened,  infiltrated  base. 

The  tendency  of  the  disease  is  to  invade  the  deeper  structures  and 
gradually  penetrate  the  wall  of  the  uterus.  Carcinoma  is  not  confined 
to  the  organ  in  which  it  develops,  but  manifests  a  disposition  to  spread 
not  only  to  contiguous  tissues,  but  by  the  lymphatics,  to  structures 
more  or  less  remote,  where  it  forms  foci  or  nests  of  a  character  similar 
to  the  original.  The  principal  method  of  introduction  is  through  the 
lymph-channels.  The  epithelial  cones  project  into  the  connective- 
tissue  folds  until  they  reach  the  large  lymph-spaces.  The  disease  is 
then  carried  to  the  lymphatic  glands,  which  act  as  guards  and  for  a 
time  arrest  its  further  progress.  Unfortunately,  however,  it  is  not 
long  before  these  barriers  are  overcome,  when  the  disease  reaches 
the  deeper  glands,  involving  those  upon  both  sides  of  the  aorta  in  the 
lumbar  region.  The  early  invasion  of  those  glands  makes  the  success- 
ful excision  of  the  glands  impossible.  The  disease  is  more  rapid  in 
its  progress  when  it  is  associated  with  pregnancy,  or  in  women  prior 
to  the  climacteric.  The  younger  the  woman  and  the  more  active  her 
lymphatic  circulation,  the  more  rapid  will  be  the  metastasis,  and  the 
less  hopeful  the  prognosis.  When  the  disease  occurs  late  in  life, 
after  the  uterus  has  become  atrophied  and  its  lymphatics  greatly 
diminished,  the  invasion  is  much  slower  and  the  disease  is  more  likely 
to  be  confined  for  a  length  of  time  to  the  point  where  it  originates. 
The  proliferation  and  infiltration  of  the  structures  lead  to  obstruction 
of  the  circulation,  which  soon  causes  the  new  tissue  to  break  down 
with  ulceration  and  loss  of  structure.  Around  the  ulcer  is  a  zone  of 
infiltration,  and  around  the  latter  the  demonstration  of  nature's 
attempt  to  limit  the  disease  by  round-cell  infiltration  or  an  inflamma- 
tory zone.  The  disease  is  more  likely  to  occur  at  or  near  the  climac- 
teric, although,  it  may  develop  at  any  period  of  the  active  sexual  life 
of  the  individual.     I  have  seen  it  as  early  as  twenty  years  of  age. 

Symptoms. — The  symptoms  which  are  usually  attributed  to  carci- 
noma are  pain,  hemorrhage,  and  offensive  discharge.  Unfortunately, 
these  are  not  pathognomonic  and  may  occur  late.  There  is  nothing 
in  the  early  stage  of  the  disease  which  would  be  likely  to  indicate  its 
presence,  either  to  the  patient  or  the  physician,  and  when  the  symptoms 
mentioned  occur,  it  may  be  too  late  to  afford  any  radical  relief.  Of 
these  symptoms,  bleeding  is  the  most  important.  It  may  be  very 
slight,  e.  g.,  a  few  drops  after  straining  at  stool,  after  making  any 
exertion,  or  following  coition.     As  the  disease  advances,  post-coitive 
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hemorrhage  is  a  very  constant  symptom.  In  view  of  the  possibilities 
hemorrhage,  or  even  bleeding,  should  always  be  considered  as  a 
danger-signal  demanding  the  most  careful  investigation  to  determine 
its  cause.  This  is  especially  to  be  appreciated  when  the  bleeding 
occurs  subsequent  to  the  climacteric.  After  the  cessation  of  men- 
struation the  patient  may  have  an  occasional  slight  discharge  of  blood, 
which  she  may  think  is  a  return  of  the  menstrual  flow.  It  cannot  be 
too  strongly  impressed  upon  women  that  bleeding  at  this  period  of 
life,  even  though  slight  in  character,  is  a  peremptory  indication  for 
a  careful  investigation.  As  the  disease  advances  the  hemorrhage 
increases.     It  may  be  very  profuse,  a  bright  stream,  or  occur  in  clots. 

In  association  wTith  the  hemorrhage,  sometimes  preceding  it,  the 
patient  will  have  a  very  profuse  watery  discharge,  of  a  stale,  sweetish 
odor.  Later,  this  discharge  is  mixed  with  traces  of  blood,  is  yellowish 
in  color,  may  contain  fragments  of  tissue,  and  become  reddish  brown 
or,  finally,  a  dark,  smeary  mass.  This  is  due  to  the  ulceration  and 
disintegration  of  the  affected  structures.  The  odor  becomes  more 
disagreeable,  and,  finally,  has  a  penetrating,  stinking  smell,  exceed- 
ingly distressing  to  the  patient  and  to  all  who  are  obliged  to  attend  her. 
Such  patients  are  frequently  accustomed  to  having  a  discharge,  and 
this  is  not  noted  or  complained  of  until  the  odor  becomes  so  offensive 
as  to  be  no  longer  endurable.  The  odor  is  due  to  the  presence  of  putrid 
or  saprophytic  germs.  The  loss  of  blood,  the  offensive  discharge, 
the  absorption  of  decomposing  products,  lead  to  marked  progressive 
anemia  and  to  a  cachexia.  Contrary  to  the  usual  belief  of  patients 
pain  is  a  late  symptom.  The  cervix  is  not  a  very  sensitive  structure, 
and  consequently  it  may  become  extensively  diseased  and  broken 
down  without  producing  any  pain.  Pain  is  usually  a  symptom  of 
the  invasion  of  the  paracervical  tissue.  It  increases  as  the  disease 
extends  upward,  involving  the  endometrium,  the  contiguous  tissue 
to  the  bladder,  the  rectum,  or  presses  on  the  ureter. 

Physical  signs  necessarily  depend  upon  the  part  of  the  uterus  which  is 
involved.  Thus,  in  the  portio  vaginalis  either  a  cauliflower-like  mass  fills 
up  the  vagina,  which  is  found  to  be  continuous  with  the  cervix,  exceed- 
ingly friable  to  the  touch,  and  bleeding  easily,  or  the  cervix  is  destroyed 
and  presents  an  excavated  cavity,  with  more  or  less  hard,  dense, 
infiltrated  edges.  When  the  disease  exists  in  the  cervix,  in  the  form 
known  as  adenocarcinoma  of  the  cervix,  no  external  ulceration  and 
no  visible  sign  of  disease  may  be  perceived.  Examination  by  touch, 
however,  reveals  the  cervix  to  be  dense,  or  that  it  presents  points  of 
hardness.  Pressure  upon  the  cervix  may  cause  an  offensive  discharge 
or  bleeding  from  the  external  os.  The  cervix  is  generally  somewhat 
enlarged.  In  carcinoma  of  the  body  of  the  uterus  the  cervix  may  be 
free  from  any  disease,  the  body  may  be  slightly  enlarged,  present  a 
soft  mass,  portions  of  which  may  be  extruded  into  the  vagina  as  the 
result  of  pressure  and  manipulation,  or  the  wall  of  the  uterus  may 
present  points  of  distinct  hardness  due  to  infiltration  of  the  base. 
In  the  very  early  stages  of  the  epithelioma  it  presents  small  nodules 
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or  elevated  masses,  with  a  eartilage-like  feel  at  the  base,  which  might 
readily  be  mistaken  for  obstructed  glands  of  Naboth.  In  the  follicles 
of  the  latter,  however,  the  surface  presents  a  smooth  outline,  and  is 
either  whitish  or  yellowish,  according  to  its  contents.  Puncture  of 
the  projection  allows  a  thick,  viscid  material  to  be  discharged,  with 
collapse  of  the  cyst,  while  puncture  of  a  tubercle  arising  from  malig- 
nant disease  is  attended  only  with  discharge  from  its  surface,  while 
the  base  is  hard  and  firm. 

Carcinoma  of  the  uterus  may  be  complicated  by  ovarian  tumor, 
myomata,  peri-uterine  inflammation,  and  pregnancy.  Ovarian  tumor 
may  be  either  malignant  or  benign,  but  does  not  necessarily  have  any 
causative  relation  to  the  production  of  carcinoma,  but  when  wre 
realize  the  frequency  of  carcinoma  of  the  uterus,  and  that  fibromata 
occur  in  at  least  one-third  of  all  women  over  thirty  years  of  age,  it 
does  not  seem  surprising  that  the  two  diseases  should  occur  simul- 
taneously. Peri-uterine  inflammation  is  not  infrequent;  in  fact,  as 
the  disease  advances,  nature  endeavors  to  establish  limits  to  its 
progress  and  consequently  forms  an  inflammatory  barrier,  the  extent 
of  which  will  depend  somewhat  upon  the  tissues  involved.  When  it 
occurs  in  the  peri-uterine  tissues,  the  existence  of  such  inflammation, 
however,  need  not  necessarily  be  considered  as  a  consequence  of 
malignant  disease,  as  it  may  have  preceded  it  and  be  due  to  other 
forms  of  infection. 

Pregnancy  is  not  a  very  frequent  complication.  In  the  majority 
of  cases  carcinoma  occurs  late  in  life,  at  a  period  when  pregnancy  is 
unlikely.  In  addition,  the  disease  itself  tends  to  the  development 
of  sterility.  Where  pregnancy  does  occur,  the  gravity  of  the  prognosis 
of  the  disease  is  increased. 

Diagnosis. — It  is  rare  that  carcinoma  is  diagnosed  in  its  early 
stages,  because  there  is  nothing  to  lead  to  the  suspicion  of  its  develop- 
ment. Women  who  are  suffering  from  lowered  vitality  and  constitu- 
tional conditions  which  render  them  less  resistant  to  the  occurrence 
of  such  a  disease  would  do  well  occasionally  to  be  examined  to  make 
sure  that  the  pelvic  organs  are  in  a  healthy  state.  Lacerations  of 
the  pelvic  floor,  displacements  of  the  uterus,  recognized  inflammatory 
changes,  should  be  corrected  with  a  view  to  prevent  the  development 
of  malignant  conditions. 

It  has  been  shown  how  the  glands  of  Xaboth  may  be  distinguished 
from  malignant  nodules.  In  the  more  advanced  stages  of  the  disease 
the  proliferation  and  cauliflower-like  growths,  upon  the  one  hand, 
and  the  ulceration,  destruction  of  tissue,  and  the  infiltrated  hard  base, 
on  the  other,  are  sufficient  to  render  certain  the  diagnosis  of  carcinoma 
in  the  cervix.  In  the  cervical  canal  and  that  of  the  body  of  the  uterus 
the  offensive  discharge,  the  bleeding,  sensation  of  hardness  and 
resistance,  points  of  increased  resistance  in  the  wall  of  the  uterus 
should  be  sufficient  to  justify  the  strong  suspicion  of  the  presence  of 
the  disease.  The  diagnosis  may  be  rendered  certain  by  dilatation  of 
the  uterus   and   the  exploration  of  its   cavity  by  the  finger,  by  the 
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removal  of  tissue  obtained  either  by  means  of  the  curette  or  by  sec- 
tions, where  the  cervix  is  involved,  and  the  examination  of  such  tissue 
under  the  microscope.  The  microscope  reveals  the  stroma  or  trabec- 
ular arrangement  of  the  tissues,  with  accumulation  of  cells  in  the 
spaces  known  as  the  cell-nests.  This  arrangement  of  the  structure 
will  be  sufficient,  and  shows  also  its  tendency  to  break  down  and  to 
extend  to  the  surrounding  structures.  It  is  desirable,  in  removing 
tissue  for  examination,  that  the  section  should  involve  both  the 
diseased  and  the  adjoining  healthy  tissue,  so  that  the  transition  from 
the  one  to  the  other  may  be  recognized. 

The  conditions  with  which  carcinoma  may  be  confounded  and 
from  which  it  must  be  differentiated  are  chronic  cervical  catarrh  with 
laceration,  papillary  erosion  of  the  cervix,  necrosis  or  fibroid  polypus, 
syphilitic  ulceration,  partial  retention  of  the  products  of  conception, 
chorio-epithelioma,  and  sarcoma. 

In  chronic  cervical  catarrh  and  laceration  the  more  delicate  epithe- 
lium of  the  cervix  is  exposed,  inflammatory  changes  take  place,  the 
ducts  of  the  glands  become  narrowed  and  closed,  secretion  accumu- 
lates within  the  glands,  eversion  of  the  mucous  membrane  follows, 
and  there  is  a  thick,  viscid  discharge.  In  these  cases,  while  the  parts 
are  thickened  and  somewhat  indurated,  it  does  not  present  the  hard, 
dense  base  that  is  associated  with  malignant  disease  nor  is  the  surface 
of  the  tissue  friable  and  easily  broken  down,  although  bleeding  may 
take  place  freely  where  there  is  extensive  granulation.  The  absence 
of  loss  of  tissue  is  generally  sufficient  to  confirm  the  diagnosis.  Where 
there  is  any  doubt,  a  section  of  the  tissue  should  be  subjected  to 
microscopic  examination. 

In  papillary  erosions  of  the  cervix  the  papillae  are  exposed,  become 
enlarged,  present  a  red,  angry  appearance,  and  the  surface  looks  as 
if  it  were  raw.  Investigation  under  the  microscope,  however,  shows 
that  the  surface  is  covered  with  the  cylindric  epithelium,  possibly  in 
a  single  layer,  and  there  is  absence  of  any  infiltration  or  peculiar 
aggregation  of  cell  structure,  as  in  the  malignant  disease.  Necrosis 
of  fibroid  polypus  may  be  simply  superficial,  or  involve  its  entire 
structure.  This  may  cause  hemorrhage,  an  exceedingly  offensive 
discharge,  and  lead  to  progressive  anemia.  The  digital  examination 
of  the  mass,  however,  is  sufficient  to  show  that  the  structure  is  hard, 
dense,  firm,  smooth  in  outline,  and  that  only  its  superficial  surface 
is  undergoing  ulceration  or  desquamation.  In  other  cases  where  the 
entire  structure  is  involved  and  the  tumor  may  be  breaking  down, 
fragments  of  it  may  be  pulled  off  which  show  the  peculiar  arrangement 
of  the  fibrous  structure  of  the  growth,  and  even  its  macroscopic 
appearance  is  sufficient  to  afford  a  positive  diagnosis. 

In  syphilitic  ulceration  there  is  loss  of  tissue  and  ulceration  of 
the  cervix,  but  it  is  covered  with  granulation  tissue  and  rarely  has  an 
infiltrated  or  firm  base. 

In  partial  retention  of  the  products  of  conception  hemorrhage  and 
offensive  discharge  will  be  present,  and  cause  fear  of  some  malignant 
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condition,  but  the  history  of  the  case,  examination  of  the  patient,  and 
digital  examination  of  the  uterine  cavity  are  sufficient  to  disclose  its 
true  character,  and  upon  removal  of  the  material  the  symptoms  cease. 

Chorio-epithelioma  follows  an  abortion  or  recent  labor.  The 
tissue  removed  by  the  curette  very  much  resembles  placental  tissue. 
It  has  not  the  structure  of  carcinoma,  there  being  the  absence  of 
stroma. 

Sarcoma  may  occur  at  the  same  period  of  life  as  carcinoma,  and 
may  involve  either  the  cervix  or  the  body,  but  the  uterus  is  likely  to 
increase  in  size  to  a  greater  degree,  with  less  breaking  down  of  its 
structure.  Hemorrhage  is  possibly  more  profuse,  and  under  micro- 
scopic investigation  the  section  shows  the  connective-tissue  cell 
without  stroma. 

Prognosis  and  Duration. — Unfortunately,  we  do  not  know  enough 
of  the  origin  of  cancer,  the  methods  by  which  it  is  carried  from  the 
point  of  original  development,  and  the  varying  resistance  of  the 
individual  to  determine  in  any  special  case  an  absolute  prognosis. 
Cases  are  seen  in  which  the  uterus  is  perfectly  movable,  in  which  the 
disease  seems  to  be  confined  to  a  small  portion,  where  the  probability 
of  excision  through  the  healthy  tissue  is  excellent — cases  in  which  we 
would  feel  that  the  outlook  should  be  favorable,  and  yet  the  removal 
of  the  disease  is  followed  by  early  recurrence.  There  are  other  cases 
in  which  the  cervix  is  extensively  destroyed,  in  which  it  would  seem 
that  operation  would  be  exceedingly  difficult,  and  yet  operation  has 
been  followed  by  years  of  absolute  freedom  from  any  return.  It  is 
customary  to  regard  cases  as  cured  only  after  five  years  without 
recurrence.  Why  it  is  that  the  cancer-cells  or  the  cause  for  the  pro- 
duction of  the  disease  can  remain  in  the  tissues  of  the  individual  from 
three  to  five  years  before  reproducing  its  kind  is  a  difficult  question 
to  solve. 

It  is  very  difficult  to  fix  a  duration  for  the  disease  when  we  are 
unable  definitely  to  determine  its  early  stage.  The  progress  of  the 
disease  will  also  depend  upon  the  period  of  life  at  which  it  originates. 
Thus,  the  earlier  it  occurs,  the  more  rapid  its  progress.  If  it  occurs 
late  in  life,  after  the  lymphatics  have  undergone  the  atrophy  which 
follows  the  climacteric,  the  disease  is  much  slower  in  its  progress. 
From  one  to  three  years  would  probably  cover  the  duration  of  the 
disease  in  the  majority  of  cases  when  undisturbed. 

Treatment. — The  treatment  of  carcinoma  may  be  divided  into  the 
palliative  and  radical.  The  former  should  be  considered  only  in 
those  cases  in  which  the  disease  comes  under  observation  so  late  that 
it  is  nb  longer  possible  to  accomplish  its  entire  removal,  e.  g.,  when  the 
disease  has  passed  from  the  uterus  into  the  parametrial  tissues,  or 
when  it  has  passed  through  the  lymphatic  tissues  to  the  lymphatic 
glands.  In  such  cases  the  treatment  will  depend  very  much  upon  how 
far  advanced  the  disease  is.  When  the  patient  is  suffering  from  pro- 
fuse bleeding,  foul  discharge,  the  absorption  of  toxic  products,  and 
subsequently  develops  a  marked  cachexia,  even  though  we  are  unable 
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to  extirpate  the  entire  disease,  we  can  very  greatly  improve  her 
condition  for  the  time  being  by  thoroughly  curetting  and  scraping 
away  the  diseased  tissue,  cutting  off  the  ragged  edges,  and,  after 
arresting  the  hemorrhage,  thoroughly  cauterizing  the  surface  with 
the  thermocautery.  The  bleeding  can  be  controlled  by  infiltrating 
the  tissues  with  one  part  adrenalin  chlorid  to  three  parts  salt  solution. 
The  control  of  the  bleeding  in  this  way  enables  the  operator  to  see 
the  field  which  is  to  be  cauterized  and  to  apply  the  cautery  more 
effectually.  By  having  a  dry  field,  more  tissue  is  destroyed,  and 
consequently  the  zone  which  is  liable  to  break  down  is  thus  cleared, 
with  the  discharge  of  the  slough.  After  the  surfaces  have  been  thor- 
oughly cauterized  the  cavity  may  be  packed  with  iodoform  gauze,  or 
preferably  with  gauze  wrung  out  of  a  2  per  cent,  solution  of  carbolic 
acid.  Carbolized  gauze  acts  as  an  anesthetic  to  the  burnt  surface. 
The  gauze  should  be  permitted  to  remain  about  three  days,  when  it 
is  removed,  and  the  cavity  then  irrigated  with  normal  salt  solution. 
After  the  removal  of  the  slough,  the  progress  of  the  disease  can  be 
made  much  slower  by  swabbing  the  surface  with  tincture  of  iodin  two 
or  three  times  a  week,  and  afterward  packing  it  with  iodoform  gauze. 
The  arrested  hemorrhage,  the  removal  of  the  disintegrated  tissue,  and 
the  decreased  discharge  result  in  temporary  marked  improvement. 
Where  the  parametrial  tissues  are  extensively  involved,  the  only 
treatment  is  to  keep  the  patient  clean  and  ease  her  pain.  She  should 
be  in  a  well-ventilated  room,  and  douches  of  permanganate  of  potash 
alone,  or  alternating  with  thymol  solutions,  should  be  employed. 

For  radical  treatment  see  Hysterectomy  (p.  539). 

Sarcoma. — Sarcoma  may  occur  in  either  the  mucous  membrane  or 
the  wall  of  the  uterus.  Like  carcinoma,  it  may  develop  in  either  the 
body  or  the  cervix— more  frequently  in  the  latter.  It  occurs  with 
much  less  frequency  than  carcinoma.  It  has  its  origin  in  the  con- 
nective tissue.  In  the  cervix  it  develops  in  the  mucous  membrane  as 
small  nodules  or  polypoid  projections  .which  may  hang  from  the 
external  os.  These  grape-like  clusters  are  easily  broken  and  bleed 
freely.  It  is  advisable,  in  every  case  of  mucous  polypus  projecting 
from  the  surface,  that  its  structure,  and  particularly  that  of  its  base, 
should  be  examined  to  make  sure  that  it  is  not  sarcomatous.  When 
the  disease  develops  in  the  uterine  wall,  it  may  begin  as  a  sarcomatous 
growth  or  have  its  origin  in  a  degenerating  fibroid.  The  latter  is 
gradually  infiltrated  by  sarcomatous  degenerated  tissue. 

The  symptoms  of  sarcoma  of  the  uterus  are  similar  to  those  of 
carcinoma — hemorrhage,  foul  discharge,  and  pain,  the  latter  less 
marked  than  it  is  in  carcinoma.  In  sarcoma  the  uterus  increases  in 
size,  and  it  is  more  soft  and  less  resisting.  The  tissue  presents  a 
homogeneous  appearance,  absence  of  stroma,  not  infrequently  the 
vessel-walls  having  been  destroyed.  The  increasing  size,  the  absence 
of  induration  and  of  any  stroma  on  microscopic  examination,  serve 
to  render  the  diagnosis  certain. 

Treatment. — The  treatment,  as  in  carcinoma,  may  be  either  palli- 
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ative  or  radical.  Palliative  treatment  consists  in  systematic  measures 
to  make  the  patient  more  comfortable. 

For  radical  treatment  see  Hysterectomy  (vide  infra). 

Chorio -epithelioma. — Malignant  disease  of  the  uterus  originating 
in  embryonic  tissue  is  a  condition  which  is  now  known  as  chorio- 
epithelioma.  It  was  formerly  supposed  to  be  a  degenerative  change 
in  the  mole,  but  later  investigation  has  shown  that  the  presence  of  a 
mole  is  unnecessary.  The  disease  has  its  origin  in  the  syncytial  cells. 
(For  histology  and  pathology,  see  Vol.  I,  p.  813.)  The  disease  follows 
an  abortion,  permature  labor,  or  labor  at  term.  After  a  few  days  to 
a  few  months  repeated  bleeding  occurs,  which  gradually  increases, 
and  the  patient  suffers  from  prolonged  hemorrhage.  She  will  neces- 
sarily become  quite  anemic,  extremely  weak,  and  develop  a  cachexia. 
Examination  of  such  a  uterus  with  the  curette  results  in  the  removal 
of  a  large  quantity  of  friable  tissue  resembling  the  placenta,  and 
associated  with  free  bleeding.  The  uterine  cavity  is  filled  with 
necrotic  tissue,  which  bleeds  profusely,  and  from  which  the  discharge 
is  exceedingly  offensive.  The  disease  not  infrequently  presents 
metastases  in  the  anterior  wall  of  the  vagina  in  the  form  of  small 
nodules,  which,  when  incised,  show  tissue  similar  to  that  removed 
from  the  Uterus.  The  curettage  of  the  uterus  affords  relief  from 
hemorrhage  but  for  a  brief  period,  and  subsequent  curettement  displays 
a  reformation  of  the  tissue.  Unlike  carcinoma,  the  disease  is  carried 
through  the  blood-vessels,  producing  metastasis  in  organs  quite  remote 
from  the  site  in  which  it  originated,  e.  g.,  in  the  liver,  spleen,  kidneys, 
intestines,  diaphragm,  pericardium,  lungs,  and  pleura. 

Diagnosis. — When  a  patient  gives  a  history  of  pregnancy  ter- 
minated either  at  term  or  during  gestation,  which  is  followed  by  profuse 
bleeding  and  foul  discharge,  and  the  formation  of  placenta-like  mater- 
ial, the  suspicion  of  a  malignant  condition  is  justifiable.  The  examina- 
tion of  the  curetted  tissue  discloses  multiplication  of  the  large  decidual 
cells.  Where  there  is  a  rapid  return  of  hemorrhage  after  curettement, 
with  profound  anemia,  elevated  temperature,  enlarged  uterus,  dilated 
os,  and  soft,  friable  tumor,  but  little  room  is  left  for  doubt,  and  its 
grave  character  is  further  confirmed  by  the  development  of  metastases 
which  most  frequently  are  found  in  the  vicinity  of  the  original  trouble 
— in  the  vagina.  The  existence  of  a  mass  which  discloses  material 
of  a  homogeneous  character  without  stroma  makes  it  akin  to  sarcoma. 
It  is  distinguished  from  this  disease,  however,  by  its  epithelial  ele- 
ments. The  prognosis  is  most  grave.  The  treatment  must  be  radical, 
and  one  which  will  insure  the  entire  removal  of  the  disease.  The  fact 
that  the  disease  develops  rapidly  and  metastases  are  liable  to  occur 
renders  it  evident  that  it  should  be  recognized  and  treated  early. 

Hysterectomy. — Hysterectomy  means  the  removal  of  the  uterus, 
either  partial  or  complete,  and  may  be  performed  either  through  the 
vagina  or  by  an  abdominal  incision.  Hysterectomy  is  done  for 
diseased  conditions  within  the  uterus,  such  as  fibroid  growths,  malig- 
nant degeneration,  and  inflammatory  conditions  which  are  sufficient 
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to  necessitate  the  sacrifice  of  the  ovaries  and  tubes,  and  where  the 
uterus  has  undergone  more  or  less  change  as  the  result  of  infection. 
The  vaginal  operation  is  attended  with  very  much  less  discomfort  to 
the  patient,  with  a  shorter  convalescence,  and  with  less  danger  of 
hernia.  It  requires,  however,  that  the  vagina  should  be  dilated  or 
readily  dilatable,  that  the  uterus  be  not  too  large  for  its  ready  removal 
through  this  canal,  and  that  the  organ  should  be  movable  and  easily 
brought  down.  Where  the  uterus  is  fixed  high  in  the  pelvis  with  a 
certain  amount  of  inflammatory  exudate,  and  the  vagina  is  long  and 
narrow,  the  vaginal  operation  will  be  attended  with  the  greatest 
difficulty  and  increase  the  danger  to  the  patient. 

Vaginal  Hysterectomy. — Preparation. — The  patient  prepared  for 
hysterectomy  should  have  had  the  alimentary  canal  thoroughly 
cleared  out.  The  urine  should  be  carefully  examined,  as  well  as  the 
condition  of  the  heart  and  lungs.  During  the  twenty-four  hours 
preceding  the  operation  her  diet  should  be  restricted  to  food  that  will 
produce  very  little  waste.  A  free  enema  to  wash  out  the  lower 
intestine  should  be  given  the  morning  preceding  the  operation.  She 
should  also  be  given  a  hot  bath  twenty-four  hours  prior  to  operation, 
and  be  kept  in  bed  afterward.  On  the  night  before  the  time  set  for 
the  operation  the  abdomen,  as  well  as  the  external  genitalia,  should  be 
thoroughly  scrubbed  with  soap  and  hot  water.  While  it  is  customary 
to  apply  a  dressing  over  the  abdomen  during  the  night,  I  do  not  think 
this  is  wise,  as  it  keeps  the  patient's  attention  fastened  upon  the 
possibilities  of  the  operation  and  tends  to  prevent  her  from  resting. 
It  is  better  that  the  abdomen  should  be  again  thoroughly  washed  the 
next  morning,  and  then  covered  either  with  an  aseptic  or  antiseptic 
dressing  until  the  time  for  the  operative  procedure.  After  she  is 
placed  under  an  anesthetic,  the  vagina  is  thoroughly  scrubbed  with 
a  piece  of  gauze  and  tincture  of  green  soap  and  hot  water,  scrubbing 
the  entire  surface  of  the  vagina  in  order  to  remove  all  deposits  within 
its  crypts  and  folds.  The  soap  is  removed  by  sterile  water,  and  finally 
the  vagina  is  washed  with  alcohol.  When  the  cervix  is  the  site  of 
malignant  disease,  it  may  be  desirable  to  scrape  away  ulcerating, 
broken-down  tissue,  cut  off  projecting  fragments,  and,  where  it  is 
possible,  suture  the  healthy  tissue  over  the  diseased,  or  this  may  be 
covered  up  by  the  use  of  a  number  of  pair  of  double  tenacula,  which 
are  hooked  in  each  lip  and  thus  close  the  opening.  In  malignant 
disease  the  broken-down  surface  is  loaded  with  bacteria,  which  of 
themselves  are  productive  of  infection  of  the  tissues  opened  up,  but 
the  greater  danger  is  the  implantation  of  fragments  of  the  malignant 
disease  upon  the  surface,  causing  its  subsequent  recurrence. 

Instruments. — The  operator  should  be  provided  with  four  double 
tenacula,  two  fixation  forceps,  four  retractors,  two  long  tissue  forceps, 
scissors,  curved  and  straight,  a  dozen  hemostats,  two  pedicle  forceps, 
a  myoma  screw,  needle-holder,  ligature  carrier,  and  assorted  needles, 
short  and  long  curved,  these  threaded  with  silk-thread  carriers. 

Operation. — The  method  of  operation  will  depend  upon  the  con- 
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dition  for  which  it  is  performed.  In  carcinoma  of  the  cervix  the  raw 
surface  should  be  covered  over,  as  has  been  suggested,  by  suture,  or 
the  healthy  surfaces  pinned  together  by  double  tenacula  over  the 
diseased  tissue.  Even  in  fibroid  growths  it  is  well  to  seize  the  cervix 
with  two  double  tenacula,  applied  in  such  a  way  as  to  close  the  opening 
and  prevent  the  discharges  from  the  uterine  cavity  entering  the 
vagina. 

An  incision  is  carried  around  the  cervix  below  the  bladder  and 
through  the  vaginal  wall  posteriorly.  Through  this  incision  the 
bladder  is  pushed  away  from  the  cervix  in  front  until  the  peritoneum 
is  reached.  Similarly  the  tissues  are  pushed  away  from  the  cervix 
until  the  peritoneum  is  reached  and  opened  posteriorly.  Into  the 
opening  a  long  gauze  pad  is  carried  so  as  to  hold  back  the  intestines. 
The  lower  part  of  the  broad  ligament  on  either  side  may  now  be 
clamped  or  ligated,  and  while  the  ligature  is  held  tense  and  the  cervix 
pulled  in  the  opposite  direction,  the  tissues  are  cut  through  between 
the  ligatures  and  the  cervix.  The  ligature  is  cut  short  to  prevent  its 
being  drawn  off  the  stump.  The  peritoneum  is  opened  in  front,  and 
the  fundus  of  the  uterus  drawn  down  through  the  anterior  fornix. 
One  or  two  fingers  passed  over  the  fundus  reach  the  broad  ligament, 
pulling  down  the  ovary  and  tube;  ligatures  are  inserted  and  tied,  after 
which  the  broad  ligament  is  clamped  above  the  ligature  with  a  strong 
hemostat.  The  broad  ligament  is  cut  through  between  the  ligature 
and  the  uterus.  A  similar  course  is  pursued  upon  the  opposite  side, 
and  the  uterus  entirely  removed.  After  the  removal  of  the  uterus, 
if  any  vessels  bleed,  they  are  seized  with  pressure  forceps  and  ligated. 

Complete  hemostasis  must  be  obtained.  When  this  has  been  accom- 
plished, the  peritoneal  surfaces  are  united  to  the  vagina  front  and 
back.  Each  stump  is  drawn  well  down  into  the  vagina,  and  a  suture 
introduced  at  either  angle,  through  the  anterior  wall  of  the  vagina, 
through  the  stump,  and  out  through  the  posterior  wall  of  the  vagina, 
and  this  suture  tied  over  the  stump,  so  that  it  is  subsequently  held  in 
the  angle  of  the  vagina.  A  purse-string  suture  is  finally  inserted, 
beginning  in  the  anterior  peritoneum  through  the  stump  on  one  side, 
the  posterior  peritoneum,  the  stump  of  the  opposite  side,  and  brought 
out  on  the  anterior  fold  in  the  peritoneum.  This  suture,  thus  inserted, 
after  the  inspection  of  the  cavity,  making  sure  that  all  instruments 
and  gauze  pads  are  removed,  and  that  no  portion  of  the  omentum  or 
intestine  drops  down  to  be  pinched,  is  drawn  tight  and  tied.  This 
procedure  closes  the  peritoneal  cavity.  The  stumps  in  the  vagina 
may  now  be  pushed  back  behind  the  vaginal  wall,  and  the  latter 
closed  by  continuous  catgut  suture.  The  operation  thus  performed 
shuts  out  from  the  peritoneai  cavity  all  raw  surfaces.  If  any  bleeding 
occurs,  it  will  take  place  into  the  vagina.  In  the  performance  of  this 
operation  enucleation  of  the  growths  may  be  necessary  at  times  in 
order  to  reduce  the  size  of  the  uterus  and  to  permit  its  being  brought 
more  readily  through  the  anterior  fornix.  When  the  growths  are  of 
considerable  size,  however,  it  is  wiser  not  to  undertake  the  vaginal 
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operation.  In  carcinoma,  where  the  disease  has  taken  up  the  greater 
part  of  the  cervix,  either  in  the  squamous-  or  in  the  cylindric-cell 
variety,  it  is  wiser  to  do  abdominal  hysterectomy,  as  the  latter  permits 
a  wider  removal  of  tissue  and  less  danger  of  injuring  important  struc- 
tures. 

Abdominal  Hysterectomy. — Abdominal  hysterectomy  may  be 
partial  or  complete.  Partial  hysterectomy  is  supravaginal,  or  the 
removal  of  the  fundus  of  the  uterus,  performing  the  amputation  at  the 
junction  of  the  neck  with  the  body,  or  between  the  internal  and 
external  os.  This  operation  is  the  one  which  is  most  frequently  per- 
formed, and  is  employed  in  the  treatment  of  fibroid  growths  of  the 
uterus.  It  is  contraindicated  where  there  has  been  any  marked 
injury  to  the  cervix,  or  where  a  condition  exists  which  would  render 
possible  the  occurrence  of  malignant  change,  or  where  any  part  of 
the  uterus  is  already  the  site  of  malignant  degeneration. 

Instruments. — See  Vaginal  Hysterectomy. 

Partial  or  Subtotal  Hysterectomy. — As  in  vaginal  hysterectomy, 
the  vagina  is  thoroughly  cleansed,  an  incision  is  made  through  the 
abdominal  wall  in  the  median  line,  beginning  just  above  the  symphysis 
and  extending  upward  to  the  umbilicus,  or  above  it,  as  may  be  neces- 
sary for  the  delivery  of  the  growth.  Having  opened  the  abdominal 
cavity,  the  relations  of  the  tumor  are  investigated,  and  the  mass, 
penetrated  by  a  myoma  screw,  is  raised  up  and  drawn  out  of  the 
abdomen  (Fig.  173).  The  broad  ligaments,  including  the  round 
ligament  external  to  the  ovary  and  tube  or  internal  to  one  ovary, 
if  its  retention  is  desired,  are  clamped  with  strong  forceps,  and  an 
incision  made  through  the  ligament  on  either  side,  between  the  clamp 
and  the  uterus.  An  incision  is  carried  across  the  peritoneum  in  front 
of  the  uterus,  connecting  the  two  lateral  incisions,  and  the  peritoneum 
and  bladder  are  pushed  down.  As  the  broad  ligament  is  thus  spread 
out  the  uterine  artery  can  usually  be  recognized  and  should  be  clamped. 
The  cervix  is  then  cut  across,  and  the  uterine  artery  of  the  opposite 
side  secured,  after  which  the  mass  is  removed.  The  clamped  ovarian 
and  uterine  arteries  are  now  ligated,  the  forceps  removed  from  the 
uterine  arteries,  and  the  cavity  sponged  out  to  make  sure  that  bleeding 
is  controlled.  The  broad  ligaments  are  then  placed  in  the  sulcus  and 
the  suture  introduced  in  the  tissue  of  one  side,  carried  underneath 
the  ligament,  and  in  the  tissue  of  the  flap  of  the  opposite  side.  This 
suture  ligature  is  then  tied  external  to  the  forceps  on  the  stump,  and 
a  few  stitches  taken  in  the  stump,  so  that  it  shall  not  slip.  Each 
ligament  stump  being  thus  secured  in  contact  with  the  remainder 
of  the  cervix,  the  parts  are  thoroughly  cleansed,  and  the  intervening 
raw  surface  united  by  continuous  suture.  Having  in  this  way  closed 
off  the  stump  from  the  peritoneal  cavity,  the  parts  are  carefully 
investigated  to  make  sure  that  hemorrhage  is  controlled,  that  from 
slipping  of  a  ligature  no  artery  is  spurting,  and,  after  the  removal  of 
all  gauze  pads,  the  abdominal  wound  is  closed.  In  closing  this  wound 
it  is  my  custom  to  begin  at  the  upper  angle  of  the  wound  with  a  needle 
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armed  with  a  suture  of  chromic  catgut,  which  is  introduced  through 
the  aponeurosis,  muscular  structure,  and  peritoneum  of  the  right  side, 
and  the  external  end  of  this  suture  secured  with  the  hemostatic 
forceps.  The  needle  is  then  brought  out  through  the  peritoneum  only 
of  the  left  side,  and  continued  through  the  remaining  length  of  the 
wound,  uniting  the  peritoneal  surfaces  until  the  lower  angle  of  the 
wound  is  reached,  when  it  is  brought  out  through  the  muscular  wall 
and  the  aponeurosis  of  the  left  side.  The  surface  is  then  dried  wTith 
gauze  and  interrupted  silkworm-gut  sutures,  introduced  about  1  cm. 


Fig.  173. — Subtotal  Hysterectomy.     (Montgomery.) 

apart,  inserted  and  emerging  the  same  distance  from  the  edges  of 
the  wound,  and  carried  through  all  the  tissues  down  to  the  peritoneum. 
After  the  sutures  have  been  placed,  the  catgut  suture  is  again  resumed, 
and  unites  the  edges  of  the  aponeurosis  until  the  upper  angle  of  the 
wound  is  reached,  when  the  end  of  the  suture  that  had  been  left 
clamped  with  the  hemostat  is  now  utilized  in  tying  the  only  buried 
knot.  The  silkworm-gut  sutures  are  tied,  drawing  them  only  tight 
enough  to  hold  the  surfaces  well  in  apposition,  and  between  each  of 
these  sutures  a  superficial  catgut  suture  is  inserted. 

Panhysterectomy, — Panhysterectomy  means  the  removal  of  the 
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entire  uterus,  ovaries,  and  tubes.  The  ovary  may  or  may  not  also 
be  removed.  The  tumor  is  exposed,  as  in  the  previous  operation, 
the  myoma  screw  inserted,  and  the  mass  drawn  well  over  the  symphy- 
sis, while  the  intestines  are  walled  back  with  a  long  strip  of  sterile 
gauze.  An  incision  is  then  made  beneath  the  cervix  into  the  posterior 
fornix  of  the  vagina.  This  is  most  readily  accomplished  by  having 
previously  introduced  a  bougie  or  a  pair  of  forceps  into  the  vagina, 
which  an  assistant  pushes  up,  thus  disclosing  the  site  of  the  posterior 
vaginal  fornix.  Through  the  vaginal  incision  the  cervix  is  seized 
with  fixation  forceps  and  is  drawn  into  the  opening.     An  incision  is 


Fio.  174. — Total  Hyhtehectomy,  Doten  Method.     (Montgomery.) 

then  made  around  the  vagina,  separating  it  from  the  cervix  (Fig.  174). 
This  incision  being  completed,  the  cervix  is  pulled  upon  and  separated 
from  the  bladder  by  blunt  dissection.  As  we  proceed  and  the  tissues 
are  torn,  the  uterine  arteries  can  be  seen  either  before  they  tear  or 
immediately  afterward,  and  each  be  clamped  with  a  hemostat  (Fig. 
175).  The  traction  on  the  cervix  is  continued  until  the  peritoneum 
above  the  bladder  is  reached,  when  this  is  pushed  back  and  the 
remaining  portion  of  the  broad  ligament  on  either  side  clamped  and 
cut  external  to  the  ovary  and  tube.  This  procedure  is  known  as  the 
Doyen  operation.  The  uterine  and  ovarian  arteries  are  now  ligated 
with  chromic  catgut,  the  peritoneal  surfaces  united  over  the  vagina 
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with  a  continuous  suture  of  the  same  material,  turning  all  stumps  into 
the  vagina.  Having  completed  this  closure  and  inspected  the  surface 
to  make  certain  no  bleeding  exists,  the  gauze  pads  are  removed  and 
the  abdominal  wound  is  closed,  as  in  the  method  previously  sug- 
gested. Unfortunately,  not  every  case  can  be  thus  easily  managed. 
The  fibroid  growths  may  involve  the  uterus  to  such  a  degree  as  not 
to  permit  it  to  be  lifted,  or  they  may  be  complicated  by  extensive 
inflammatory  adhesions  and  short  ligaments,  so  that  the  uterus  is 
prevented  from  being  raised,  and  the  operator  cannot  reach  the 
posterior  vaginal  fornix.  In  such  cases  the  procedure,  which  has  been 
previously  suggested,  of  clamping  and  cutting  the  broad  ligaments 
on  either  side,  can  be  practised  until  the  uterus  is  thus  permitted  to  be 


•nr,: 


Fig.  175. — Cervix  Separated  from  the  Vagina  and  being  Pulled  Awat  from  the  Bladder 
and  Ureters.     (Montgomery.) 

raised  up,  and  the  vagina  opened  into,  separated  from  the  cervix,  and 
the  mass  removed.  But  neither  is  the  latter  method  applicable  to  all 
cases,  because  we  may  find  that  the  broad  ligaments  are  occupied  by  in- 
traligamentary  fibroids,  so  that  we  can  neither  reach  the  posterior  fornix 
nor  go  down  upon  either  side  of  the  uterus.  In  some  cases  the  uterus 
can  be  reached  from  above,  the  uterus  thrown  back  into  the  abdomen 
or  dragged  upward,  and  the  bladder  pushed  down,  the  vagina  opened 
in  front,  the  cervix  seized,  drawn  forward,  and  separated  from  the 
vagina.  In  this  case  the  uterine  arteries  are  first  ligated.  Where  this 
procedure  cannot  be  employed,  it  is  well  to  split  through  the  tumor 
and  uterus,  dividing  the  latter  into  two  portions,  removing  first  one-half 
and  then  the  other  (Fig.  176).  In  this  way  intraligamentary  fibroid 
growths  which  fill  up  the  broad  ligament  on  either  side  are  easily 
vol.  v — 35 
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shelled  out  of  the  peritoneal  folds,  separated  from  the  ureters,  and 
injury  to  these  ducts  avoided,  which  would  not  be  possible  had  the 
attempt  been  made  to  operate  upon  the  broad  ligaments  from  above. 
In  hysterectomy  for  carcinoma  of  the  uterus  it  is  desirable  that  as 
much  of  the  parametrial  tissue  should  be  removed  as  possible.  In 
order  to  do  this  the  broad  ligament  is  raised  on  the  one  side,  clamped 
externally  to  the  ovary  and  tube,  the  round  ligament  is  clamped  well 
out  on  the  side  of  the  pelvis,  and  this  portion  of  the  broad  ligament 
cut  through.     The  opposite  side  is  treated  in  the  same  way.     The 


Fig.  176. — Splitting  the  Tumor  and  the  Uterus  and  Removal  of  each  Half. 


peritoneum  above  the  bladder  is  then  cut  through,  and  the  bladder 
and  peritoneum  pushed  downward.  The  tissues  of  the  broad  liga- 
ment are  spread  out,  the  ureter  looked  for,  and  a  pair  of  forceps  or  the 
finger  pushed  through  in  the  line  of  the  ureter,  and  the  tissue  above 
it,  which  includes  the  uterine  artery,  is  clamped  or  ligated  and  cut. 
The  uterosacral  ligaments  are  cut  posteriorly.  This  permits  the 
uterus  to  be  well  drawn  up,  and  the  operator  to  get  below  the  cervix 
upon  the  vagina.  With  a  pair  of  angular  forceps  the  vagina  is  clamped 
on  either  side  below  the  cervix,  and  cut  through  below  the  forceps. 
In  this  way  any  discharges  from  the  uterus  and  infectious  tissue  from 
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a  cervix  are  retained  and  removed  with  the  mass.  The  vagina  below 
is  carefully  sponged  out,  all  bleeding  vessels  secured,  the  uterine 
arteries  on  either  side  having  been  previously  ligated;  the  ovarian 
arteries  and  the  ends  of  the  round  ligaments  are  each  separately 
ligated.  In  this  way  the  parametrial  tissue  and  the  glands  which 
are  likely  to  be  the  seat  of  infection  are  readily  removed.  Enlarged 
glands  in  the  inguinal  region  upon  either  side  are  then  removed,  as 
well  as  those  at  the  bifurcation  of  the  aorta  posteriorly.  As  far  as 
possible  the  peritoneal  surfaces  are  united.  The  cavity  of  the  pelvis 
may  be  packed  with  iodoform  gauze,  the  end  of  which  is  brought  out 
into  the  vagina.  The  abdominal  wound  is  closed  in  the  methods 
already  suggested. 

After-treatment. — The  convalescence  of  the  patient  after  a  vaginal 
hysterectomy  is  much  more  rapid  and  attended  with  less  discomfort 
when  the  conditions  are  equally  grave  than  where  the  diseased  struc- 
ture has  been  removed  through  an  abdominal  incision.  The  only 
dressing  in  these  cases  consists  in  packing  some  iodoform  gauze  into 
the  vagina,  which  packing  may  remain  for  three  days,  except  in  those 
cases  in  which  the  peritoneum  was  not  closed  above  the  vagina,  and 
the  gauze  has  been  packed  directly  into  the  peritoneal  cavity  holding 
up  the  intestines.  In  such  cases  the  gauze  should  be  left  for  five  or 
six  days.  During  this  time  adhesions  are  formed  which  prevent  the 
intestines  being  dragged  down  with  the  removal  of  the  gauze;  also 
the  gauze  has  become  saturated  with  serum  and  plastic  material  from 
the  abdominal  cavity,  and  is  easily  drawn  away  from  the  viscera. 
If  it  is  removed  at  an  earlier  date,  a  knuckle  of  intestine  is  sometimes 
so  firmly  adherent  to  the  surface  of  the  gauze  that  it  is  drawn  into  the 
vagina,  causes  worry,  and,  if  not  recognized,  might  very  readily  pro- 
duce unfortunate  adhesions.  I  have  seen  a  number  of  cases  of  vaginal 
hysterectomy  in  which  a  coil  of  intestine  had  become  adherent  to  the 
surface  sometimes  producing  obstruction  during  the  convalescence, 
and  at  other  times  being  the  cause  of  fatal  obstruction  years  after  the 
original  procedure.  Even  though  such  an  adhesion  does  not  interfere 
with  the  caliber,  it  may  cause  obstruction  under  peristaltic  action; 
the  adhesion  is  a  fixed  point,  the  bowel  becomes  twisted,  its  caliber 
obstructed,  and  the  patient  suffers  and  probably  perishes,  with  all 
the  symptoms  of  strangulation.  I  have  known  instances  in  which  the 
patient  suffered  from  symptoms  of  obstruction  so  profound  as  to  lead 
to  fecal  vomiting.  When  later  it  became  untwisted  there  would  be  a 
copious  movement  of  the  bowels,  and  the  patient  would  consider  her- 
self recovered.  But  it  is  unsafe  to  leave  such  a  patient  without  reopen- 
ing the  wound  and  separating  the  adhesions. 

In  abdominal  hysterectomy  a  patient  much  enfeebled  by  loss  of 
blood  and  a  prolonged  operation  may  suffer  profoundly  from  shock. 
This  is  best  treated  by  keeping  her  perfectly  quiet,  surrounded  with 
hot  bottles,  warm  blankets  to  maintain  the  body  heat,  the  application 
of  bandages  to  the  extremities,  each  leg  being  bandaged  as  far  as  the 
trunk;  the  arms  may  also  be  bandaged,  thus  throwing  the  blood  back 
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into  the  more  vital  centers,  where  it  is  most  needed;  the  administration 
of  remedies  with  a  view  to  stimulate  the  heart's  action,  and  also  to  keep 
the  blood-vessels  contracted.  For  the  latter  purpose  possibly  some  asep- 
tic preparation  of  ergot  is  most  effective.  It  promotes  the  contraction 
of  the  blood-vessels  and  acts  consequently  through  the  whole  circulation. 
Strychnin,  digitalis,  adrenalin  chlorid,  and  ether  are  the  most  active 
agents  which  may  be  administered  hypodermically.  Salt  solution 
may  be  injected  into  the  bowel,  giving  three  or  four  ounces  every  three 
hours,  by  hypodermoclysis,  the  needle  being  inserted  beneath  each 
breast,  and  one  pint  of  salt  solution  thus  introduced  in  each  side,  or, 
when  the  shock  is  profound,  the  administration  of  salt  solution  by 
intravenous  injection,  through  opening  of  a  vein  in  the  front  of  the 
arm  and  the  insertion  of  a  cannula  or  needle,  through  which  the 
salt  solution  is  introduced.  One  or  two  pints  of  salt  solution  may 
thus  be  employed.  Too  large  a  quantity  should  not  be  employed,  as 
the  heart  may  become  flooded  and  it  may  be  dammed  back  in  the 
lungs,  causing  pulmonary  edema.  Where  the  patient  has  lost  con- 
siderable blood  and  still  shows  a  disposition  to  bleed,  1:1000  solution 
adrenalin  chlorid,  1  to  2  drams,  or  caffein  citrate,  3  to  5  grains,  may 
be  added.  If  she  perspires  freely,  the  skin  showing  a  disposition  to 
leak,  atropin  sulphate,  yj^  to  y^  grain  hypodermically,  should  be 
given.  Direct  transfusion  of  blood,  as  done  by  Crile  and  others, 
may  be  of  the  greatest  service,  and  save  life,  even  in  desperate  cases 
(p.  615). 

One  of  the  most  frequently  distressing  symptoms  after  operation 
is  vomiting.  This  takes  place  as  a  result  of  the  anesthetic,  but  such 
vomiting  should  terminate  within  twelve  hours.  Where  the  nausea 
and  vomiting  continue  for  a  longer  period,  especially  for  more  than 
twenty-four  hours,  it  may  be  accepted  as  an  evidence  of  beginning 
peritonitis.  Various  measures  are  employed  for  the  relief  of  these 
symptoms,  among  them  acetanilid,  1  to  2  grains,  every  hour  until  three 
doses  have  been  given;  tincture  of  nux  vomica,  1  or  2  drops  every 
hour;  creosote,  h  drop  every  three  or  four  hours;  the  administration 
of  a  Seidlitz  powder,  dissolving  the  blue  powder  in  half  a  glass  of  water 
and  dropping  the  white  powder  dry  upon  this,  and  giving  it  while  it 
is  effervescing,  directing  the  patient  to  retain  it.  If  she  does  so,  the 
distention  of  the  stomach  causes  a  portion  of  it  to  be  carried  over  into 
the  duodenum,  and,  when  the  intestines  are  pretty  well  evacuated, 
the  patient  is  unlikely  to  continue  to  suffer  from  nausea  and  vomiting. 
Wrhere  the  condition  is  persistent,  with  more  or  less  distention  of  the 
upper  part  of  the  abdomen,  the  stomach-tube  should  be  used,  and 
the  stomach  washed  out  with  normal  salt  solution  until  the  water  runs 
clear  and  free.  The  patient  may  then  be  given  a  hypodermic  injection 
of  morphin.  Vomiting  at  this  stage  usually  indicates  peritonitis,  and 
the  most  effective  treatment  is  to  keep  the  patient  moderately  under 
the  influence  of  morphin.  The  initial  dose  may  be  J  to  J  grain,  and 
subsequently  ^  to  ^  grain  every  three  hours.  During  its  admin- 
istration nothing  should  be  given  by  the  mouth.     She  should  be  fed 
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by  the  rectum,  and  preferably  with  normal  salt  solution.  No 
more  effective  measure  can  be  employed  than  continuous  instillation 
of  a  salt  solution  into  the  rectum,  as  suggested  by  Murphy,  with  the 
patient  placed  in  Fowler's  position.  (For  details,  see  Vol.  III.,  pp.  775- 
777.)  If  an  elevation  of  temperature  follows  the  operation,  careful  inves- 
tigation should  be  made  to  discover  its  cause.  An  examination  of  the 
blood  should  be  made,  to  determine  the  presence  of  leukocytosis.  The 
wound  and  the  pelvic  cavity  are  both  carefully  examined,  to  determine 
whether  there  is  any  grave  cause  for  the  condition.  Vomiting  may 
persist  until  the  patient  vomits  fecal  matter.  The  occurrence  of 
vomiting  associated  with  distention  of  the  abdomen  and  inability  to 
accomplish  the  evacuation  of  the  bowels,  and  especially  the  vomiting 
of  fecal  matter,  should  lead  to  reopening  of  the  wound,  as  not  infre- 
quently such  symptoms  arise  from  a  volvulus  or  twist  in  the  intestine. 
Elevation  of  temperature  during  convalescence  should  also  be  a 
reason  for  careful  investigation  of  the  field  of  operation.  Any  indica- 
tion of  accumulation  within  the  pelvis  or  thickening  around  the 
stump  of  the  uterus  where  supravaginal  hysterectomy  has  been  done, 
or  about  the  vaginal  wound,  should  be  an  indication  for  immediate 
vaginal  puncture.  Gauze  should  be  inserted  to  insure  free  evacuation 
of  pelvic  accumulations. 

Operative  Injuries. — The  bladder,  intestines,  and  the  ureter  may 
be  injured  during  the  operation.  When  an  opening  has  been  made 
into  the  bladder,  it  should  be  at  once  closed  with  a  double  row  of 
catgut  sutures.  Likewise  in  intestinal  wounds  the  opening  should  be 
immediately  sutured,  and  a  second  row  of  sutures  outside  the  original 
should  be  inserted.  The  ureter  may  be  cut  or  ligated  during  the 
procedure.  When  the  latter  has  taken  place,  and  especially  the 
ligation  of  both  ureters,  it  will  lead  to  absolute  unilateral  or  bilateral 
failure  of  urinary  secretion.  When  it  is  evident  that  this  condition 
exists  from  the  continued  failure  to  secrete  urine,  the  abdomen  should 
be  reopened,  the  ligatures  removed,  and  the  condition  of  the  ureters 
determined.  Occasionally  it  will  be  found  that  the  patient  is  passing 
urine  through  the  vagina  or  the  vaginal  wound.  This,  of  course, 
indicates  that  the  ureter  or  the  bladder  has  been  injured,  and  the 
patient  suffers  from  incontinence.  This  condition  need  not  require 
an  immediate  operation.  It  is  better  to  allow  the  convalescence  to 
proceed  for  a  time  to  see  whether  the  opening  may  not  contract  and 
the  discharge  cease.  Whether  the  condition  exists  in  the  ureter  or 
is  in  the  bladder  can  be  determined  by  injecting  some  colored  fluid. 
After  injection,  if  the  liquid  continues  to  run  clear  through  the  vagina, 
it  is  evident  that  a  ureterovaginal  fistula  exists.  In  such  cases  the 
uterus  having  been  removed,  it  is  a  less  formidable  procedure  to  make 
an  incision  into  the  bladder  through  the  anterior  vaginal  wall  and 
use  the  lower  flap  of  this  for  insertion  into  the  posterior  wall  of  the 
vagina,  thus  slightly  shortening  the  canal  and  making  the  point  at 
which  the  urine  enters  the  vagina  a  part  of  the  bladder. 

If  the  patient  does  well,  she  should  be  given  a  generous  diet  after 
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a  few  days.  The  sutures  should  be  removed  from  the  eighth  to  the 
tenth  day.  When  the  ventrum  is  weak,  the  abdomen  should  be 
supported  by  strips  of  iodoform  gauze  passed  the  greater  way  around 
the  trunk,  and  holding  in  place  a  small  aseptic  dressing.  She  may 
sit  up  at  the  end  of  two  weeks,  and  at  the  end  of  three  weeks,  if  the 
wound  has  healed  by  first  intention,  she  may  return  home.  When  the 
termination  is  not  so  favorable,  she  should  be  required  to  remain  in 
bed  for  a  longer  time.  Stitch  abscesses  or  abscess  of  the  abdominal 
wall  may  occasionally  occur.  Their  occurrence  causes  elevation  of 
temperature,  pain,  and  discomfort.  The  infected  sutures  may  be 
much  slower  in  undergoing  disintegration  where  such  infection  arises, 
so  after  a  judicious  time  the  sinus  should  be  explored  by  a  hooked 
instrument,  which  catches  the  buried  suture  and  assists  in  its  removal, 
after  which  very  generally  the  entire  wound  heals.  Formerly,  it 
was  the  custom  to  bury  silk  or  other  non-absorbable  sutures,  and  such 
suppuration  continued  as  long  as  any  portion  of  the  suture  remained. 

Surgery  of  the  Broad  Ligaments. 

The  broad  ligaments  afford  a  limited  field  for  surgical  measures. 
It  is  true  that  the  broad  ligament  may  be  the  seat  of  ovarian  and 
parovarian  cysts  and  intraligamentary  myomata,  but  the  treatment 
of  these  conditions  is  preferably  considered  under  the  particular 
growth.  Occasionally  there  will  be  found  in  the  broad  ligament  cystic 
growths  which  are  independent  of  any  other  structure.  The  origin 
of  these  growths,  however,  must  be  a  question  of  doubt,  as  it  is  not 
impossible  that  fibroids  which  have  originally  been  connected  with 
the  uterus  have  been  separated  from  it  and  have  migrated.  A  cyst 
in  this  situation  may  be  pedunculated,  having  drawn  the  broad 
ligament  out  by  its  weight,  but  more  frequently  it  is  situated  within 
the  layers  of  the  ligament.  The  diagnosis  of  these  conditions  is 
rather  difficult,  and  may  not  be  made  until  the  abdomen  is  opened. 
Should  a  growth  be  discovered  in  the  broad  ligament,  the  latter 
should  be  opened  and  the  tumor  dissected  out,  following  which  all 
vessels  should  be  carefully  secured  and  the  peritoneal  surfaces  closed. 
The  broad  ligament  is  frequently  the  seat  of  infective  processes,  which 
may  result  in  extensive  extravasation  and  suppuration.  These  may 
have  reached  the  broad  ligament  through  injuries  to  the  vagina  or 
uterus.  In  some  cases  it  may  be  through  the  Fallopian  tube.  Where 
possible,  it  is  wise  to  forestall  suppuration  by  vaginal  incision,  through 
which  the  ligament  is  spread  out  and  drainage  permitted  by  gauze 
packing. 

Surgery  of  the  Fallopian  Tubes, 

Inflammation  of  the  Fallopian  tubes  is  the  direct  result  of 
infection,  which,  in  the  majority  of  cases,  comes  through  the  uterus. 
Its  gravity  will  depend  upon  the  virulence  of  the  infection  and  the 
resistance  of  the  patient.     The  most  frequent  causes  are  gonorrhea 
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and  sepsis,  and  these,  with  rare  exceptions,  travel  through  the  uterus. 
The  inflammation  may  be  slight,  form  simply  a  catarrhal  salpingitis, 
or  be  very  severe,  involving  all  the  structures  of  the  tube.  The 
former  is  known  as  the  catarrhal  and  the  latter  as  the  suppurative 
form.  In  the  slight  inflammation  the  condition  is  superficial,  involv- 
ing the  epithelium  and  the  tissue  upon  which  it  rests.  In  the  more 
virulent  form  it  passes  rapidly  through  the  epithelium  to  the  deeper 
structures,  causing  extensive  destruction.  In  addition  to  the  source 
of  the  infection  named  the  right  side  of  the  pelvis  may  be  infected 
from  a  diseased  appendix  or  a  tube,  which  contains  a  collection  of 
blood  and  is  adherent  to  a  knuckle  of  intestine,  and  may  receive 
infection  through  the  latter.  In  tuberculous  salpingitis  the  infection 
may  reach  the  tube  either  through  the  uterus,  or,  more  generally, 
the  peritoneum,  or  possibly  the  blood.  With  the  entrance  of  infection 
there  follows  swelling  of  the  epithelium,  the  surface  becomes  edema- 
tous and  granular,  with  infiltration  of  the  deeper  structures  from 
inflammatory  products.  Serous  effusion  takes  place  into  the  tube, 
with  loss  of  cilia,  especially  on  the  free  surface,  while  they  may  remain 
between  the  folds.  The  epithelium  of  the  tube  is  well  preserved  on 
the  surface,  even  in  extensive  suppuration.  Inflammation  of  the  tube 
leads  at  a  very  early  period  to  irritation  of  the  peritoneum  and  agglu- 
tination of  the  abdominal  end.  This  is  an  effort  upon  the  part  of 
nature  to  obstruct  the  further  progress  of  the  disease.  The  uterine 
end  becomes  closed  by  swelling,  and  later  by  exudate,  which  collects 
in  the  tube.  The  effusion  in  the  tube  may  be  either  serous  or  purulent, 
according  to  the  virulence  of  the  infection  and  the  resisting  power  of 
the  patient.  In  either  cases  it  is  likely  to  increase,  forming,  in  the  one, 
a  serous  collection,  and  in  the  other,  a  collection  of  pus. 

Excessive  hyperemia  of  the  tubal  surface  or  a  partial  twisting  of 
its  neck  may  cause  rupture  of  the  vessels,  and  result  in  an  extensive 
accumulation  of  blood.  The  condition  is  known  as  hematosalpinx. 
It  is  more  frequently  associated  with  retrogressive  changes  in  ectopic 
gestation.  When  the  pedicle  of  a  simple  cyst  becomes  twisted  and 
rapid  development  occurs  as  the  result  of  the  hemorrhage,  which  may 
take  place  into  the  sac,  and  also  into  the  abdoipinal  cavity,  it  may  lead 
to  the  suspicion  of  a  ruptured  ectopic  gestation.  Occasionally  the 
swelling  of  the  uterine  end  is  overcome  by  distention,  and  the  fluid 
drains  into  the  uterus.  When  this  occurs  at  frequent  intervals,  the 
condition  is  knowTi  as  hydrops  tubas  profluens.  The  muscular  coat 
of  the  tube  is  made  up  of  circular  and  longitudinal  fibers;  the  contrac- 
tion of  the  former,  under  inflammatory  changes,  may  lead  to  a 
number  of  pockets  or  cysts,  or,  when  in  the  longitudinal  layer,  the 
tube  becomes  shortened,  the  peritoneal  coat  is  pushed  over  it  like  the 
cuff  of  one's  coat  over  the  hand,  and  the  irritation  of  the  peritoneal 
surfaces  leads  to  the  abdominal  end  becoming  closed,  forming  a 
sac.  Occasionally  the  contraction  is  not  sufficient  to  complete  the 
retraction  of  all  the  fimbriae;  one  or  more  of  these  protruding  renders 
leakage  from  the  sac  likely  to  occur.     This  is  a  frequent  cause  for 


552 


SURGERY    OF   THE    FEMALE    GENITO-URINARY    ORGANS. 


recurring  attacks  of  peritoneal  irritation  and  slight  peritonitis.  The 
small-cell  infiltration  and  thickening  of  the  longitudinal  folds  not 
infrequently  fill  up  and  obliterate  the  cavity  (Fig.  177).  When 
the  inflammation  is  extensive,  the  entire  structure  of  the  tube  may  be 
thus  infiltrated,  forming  a  large,  hard  mass.     The  longitudinal  folds 


Fio.  177. — Section  from  Wall  of  Pub-tube.     (Montgomery.) 
a,  a,  a,  Folds  matted  together,  forming  gland-like  spaces  ;  6,  6.  folds  undergoing  dissolution  ; 
c,  shows  complete  desquamation  of  epithelium  covering  folds  ;  d,  d,  blood-vessels  distended  with 
blood-cells  ;  e,  leukocytic  infiltration. 

frequently  lose  their  epithelium  and,  becoming  adherent,  simulate 
distended  glands.  The  tube  may  become  greatly  thinned  and  dis- 
tended, forming  a  large  cyst  known  as  a  hydrosalpinx.  This  may  be 
freely  movable  and  without  adhesions,  or  may  be  fixed.  Where  the 
inflammation  is  particularly  virulent,  the  collection  within  the  tube 
is  purulent,  the  two  walls  are  thickened,  the  inflammation  extends  to 
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the  adjacent  structures,  causing  adhesions  to  the  coils  of  intestine, 
the  omentum,  the  uterus,  the  ovary,  and  the  parietal  peritoneum 
(Fig.  178).  The  tube  becoming  heavy  from  inflammation  may  drop 
into  Douglas'  pouch  and  become  adherent  to  the  sigmoid  or  the  side 
of  the  rectum.  Where  pus-collections  exist,  the  distention  may  lead 
to  perforation  of  the  rectum  and  the  discharge  of  the  contents  through 
the  bowel.  Such  a  sac  is  never  completely  emptied.  It  partially 
empties  itself,  the  pressure  is  removed,  the  opening  may  temporarily 
close,  and  the  reaccumulation  reopens  it.     Such  a  course  may  continue 


Fio.  178. — Distended  Pus-tubes.     (Montgomery.) 
A,  Tube  whose  pedicle  was  twisted,  sac  filled  with  blood  and  pus  ;  B,  right  tube  filled  with  pus. 

for  a  period  of  years  or  until  the  strength  of  the  patient  is  exhausted. 
Involvement  of  both  tubes  may  lead  to  their  dropping  into  Douglas' 
pouch  and  their  tubal  ends  coming  in  contact  and  becoming  adherent, 
forming  one  large  sac  (Fig.  179).  The  adhesion  of  the  orifice  of  the 
tube  to  the  ovary  will  frequently  result  in  the  transudation  of  the 
infection  and  the  formation  of  a  tubo-ovarian  mass,  which  may 
attain  to  considerable  size  (Fig.  ISO).  Where  a  pyosalpinx  exists 
for  a  long  time,  the  acute  inflammatory  symptoms  subsiding,  the  more 
solid  portions  of  its  contents  are  deposited  upon  the  wall  of  the  cyst, 
and  the  fluid  eventually  becomes  clear,  forming  a  hydrosalpinx. 
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Symptoms. — There  are  no  characteristic  symptoms  of  tubal 
inflammation.  The  patient  who  suffers  from  pain  and  tenderness 
over  the  lower  portion  of  the  abdomen,  with  a  certain  amount  of  dis- 
tention and  swelling,  tenderness  on  motion,  painful  evacuation  of  the 
bowels,  and  marked  tenderness  during  coition,  makes  it  evident  that 
there  is  inflammatory  trouble  which  has  more  than  likely  reached 
the  peritoneum  by  the  Fallopian  tubes.  The  normal  tube  is  scarcely 
palpable.  When  it  becomes  thickened  with  salpingitis  or  parenchy- 
matous inflammation,  it  may  be  recognized  as  a  more  or  less  well- 


Fig.  179. — Double  Pyosalpinx,  with  Adhesions  to  the  Rectum  and  Uterus,  and  on  th« 
Right  to  the  Appendix.     (Montgomery.) 


defined  and  thickened  cord,  which  is  extremely  sensitive  to  pressure. 
The  inflamed  tube  may  vary  in  size  from  a  mere  cord  to  a  large, 
gourd-like  mass,  or  one  which  resembles  a  number  of  sausage  links 
or  has  the  shape  of  a  sweet  potato. 

Diagnosis. — The  recognition  by  palpation  that  the  uterus  is  bound 
down,  the  mass  situated  upon  either  side  of  it  or  extending  up  toward 
the  brim  of  the  pelvis,  may  be  accepted  as  evidence  of  the  presence 
of  tubal  inflammation.  This  is  distinguished  from  an  ovarian  cyst 
by  the  fact  that  the  latter  is  more  or  less  spheric,  has  a  distinct  pedicle 
between  it  and  the  uterus,  while  in  the  tubes  the  enlargement  begins 
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near  to  the  uterus  and  increases  in  extent  as  they  pass  upward  (Fig. 
181).  The  mass  may  so  encircle  the  ovary  as  to  make  it  difficult  to 
determine  that  the  latter  organ  is  not  itself  partaking  in  the  inflamma- 
tory process.  A  tumor  which  is  retort-shaped,  quite  movable,  is 
without  a  doubt  a  hydrosalpinx,  while  a  pyosalpinx  is  more  likely 
to  be  adherent  to  the  surrounding  structures  (Fig.  182).  Not  infre- 
quently it  may  be  situated  at  the  side  of  the  pelvis,  embedded  in  a 
mass  of  exudation,  but  more  frequently  it  lies  behind  the  uterus  in 
Douglas'  pouch.     A   tubo-ovarian  cyst  is  recognized  by  the  greater 


Fig.  180. — Double  Tubo-ovarian  Cyst.     (Montgomery.) 

increase  in  size  of  its  external  part,  forming  a  more  marked  bell  or 
retort  shape. 

In  the  examination  of  these  patients  it  is  important  that  the 
greatest  care  should  be  exercised  in  pressure,  as  otherwise  rupture  may 
occur,  and  the  contents  escape  into  the  peritoneal  cavity.  Unless 
the  contents  are  sterile,  such  an  escape  will  be  attended  with  grave 
danger  from  the  rapid  development  of  a  fulminating  peritonitis. 

Prognosis. — Tubal  inflammation  should  always  be  considered  as 
attended  with  grave  danger.  Even  in  the  mildest  forms  it  is  impor- 
tant that  the  patient  should  be  subjected  to  treatment,  with  a  view 
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to  its  arrest,  if  possible,  before  destruction  of  the  function  of  the  tube 
has  occurred.  When  it  is  associated  with  pelvic  peritonitis  and  the 
infection  is  virulent,  as  in  the  streptococcic  form,  it  may  be  one  of  the 
most  dangerous  lesions  that  can  confront  the  surgeon.  When  asso- 
ciated with  disease  of  the  ovaries  and  extensive  suppuration  of  the 


Fia.  181. — Chronic  Salpingitis.     (Montgomery.) 
a,  Union  of  folds  forming  gland-like  areas;  6,  thickened  and  retracted  fold; 
of  epithelium;  d,  hyperplasia  of  tubal  wall. 


e,   desquamation 


tube,  the  possibility  of  cure  in  the  sense  of  restoration  of  function  is 
impossible.  Even  should  the  patient  recover,  she  is  sexually  handi- 
capped for  life. 

Treatment. — The  treatment  of  tubal  disease  consists  in  absolute 
rest,  the  application  of  cold  in  the  form  of  an  ice-bag  over  the  abdomen, 


Fig.  182. — Hydrosalpinx.     (Montgomery.) 

the  administration  of  remedies  that  will  provoke  free  watery  evacua- 
tion of  the  bowels,  thus  making  the  intestines  drain  the  inflamed 
peritoneum,  and  the  restriction  of  diet  to  the  absolute  need  to  sustain 
her.  It  is  preferable  that  operative  procedure  should  be  postponed 
until  the  subsidence  of  the  more  acute  attack,  unless  it  is  evident 
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that  free  effusion  has  taken  place  into  the  peritoneal  cavity,  or  that 
Douglas'  pouch  contains  collections  which  are  readily  accessible 
through  the  vagina.  In  such  cases  the  evacuation  of  the  contents  of 
Douglas'  pouch,  the  opening  of  pus-sacs,  the  irrigation  of  the  cavity, 
and  packing  it  with  iodoform  gauze  will  not  infrequently  serve  the 
purpose  of  bringing  about  an  arrest  of  the  inflammatory  process.  In 
other  cases,  especially  where  a  number  of  septa  have  formed  in  the 
tube,  forming  several  sacs,  this  procedure  will  be  ineffective  in  estab- 


Fig.  183. — Removal  of  Portion  of  the  Tube  in  Cornu  of  Uterus. 


lishing  complete  relief.  When  it  is  necessary  to  open  the  abdomen, 
or  when  operating  in  the  intervals,  after  the  subsidence  of  the  acute 
inflammation,  the  treatment  of  the  tube  will  depend  upon  the  changes 
it  has  undergone.  In  some  cases  the  separation  of  adhesions,  milking 
out  of  the  fluid  from  the  tube,  and  cleansing  the  surface  will  be 
sufficient  to  bring  about  a  restoration  of  health  without  the  sacrifice 
of  tissue.  In  other  cases,  where  the  tube  is  obstructed  and  serous 
effusion  is  contained  within  it,  the  tube  may  be  opened,  adhesions 


558  SURGERY    OF   THE    FEMALE    GENITOURINARY    ORGANS. 

broken  up  that  close  its  abdominal  end,  the  fimbriae  set  free,  and  in 
some  cases  the  peritoneum  turned  back  like  a  cuff  over  its  end  and 
secured  by  means  of  sutures,  so  that  the  mucous  end  of  the  tube  will 
be  unobstructed.  Where  the  end  of  the  tube  is  much  diseased,  it 
may  be  found  necessary  to  resect  it,  leaving  the  healthy  portion  of 
the  tube,  uniting  its  mucous  membrane  to  the  peritoneal  surface  and 
attaching  it  to  the  side  of  the  ovary.  This  still  leaves  a  channel 
through  which  the  ovum  may  enter  the  uterus.  Where  the  tube  is 
extensively  diseased  and  is  the  seat  of  suppuration,  it  may  be  neces- 
sary to  sacrifice  one  or  both  tubes.  In  these  cases,  if  an  ovary  is  in 
a  healthy  condition  it  should  be  left,  dissecting  off  the  tube  only,  as 
it  is  impossible,  in  any  individual  case,  to  determine  what  influence 
castration  may  have  upon  her  subsequent  mental  life.  It  makes  no 
difference  how  little  the  individual  values  the  possession  of  children, 
if  she  once  realizes  that  she  is  bereft  of  the  possibility  of  procreation, 
what  she  has  lost  seems  to  be  one  of  her  most  valuable  possessions. 
The  retention  of  the  ovary  favors  the  continuation  of  menstruation, 
and  as  long  as  she  has  this  visible  evidence  of  the  possibility  of  pro- 
creation, she  remains  hopeful.  Where  suppuration  exists  in  the 
tube,  it  is  wise  that  the  latter  should  be  removed  into  the  cornu  of 
the  uterus  (Fig.  183)  and  the  raw  surfaces  united  by  sutures,  using  for 
this  purpose  continuous  chromic  catgut,  securing  with  the  suture  the 
branches  of  the  uterine  and  ovarian  arteries.  Before  the  abdominal 
wound  is  closed,  the  pelvis  should  be  carefully  inspected  to  see  that  all 
hemorrhage  is  absolutely  controlled. 

The  Fallopian  tubes  may  be  the  seat  of  both  benign  and  malignant 
growths.  The  benign  growths  found  in  the  tube  are  fibroma,  fibrocyst, 
enchondromata,  dermoid  and  small  cysts,  polypus,  and  papillomata. 
These  growths  in  this  situation  are  extremely  rare.  Sarcoma,  car- 
cinoma, and  chorio-epithelioma  are  also  found  in  the  tube.  These 
are  most  frequently  secondary,  except  the  latter,  which  may  develop 
in  the  tube  just  the  same  as  it  does  in  the  uterus.  The  recognition  of 
malignant  conditions,  of  course,  demands,  where  possible,  the  entire 
removal  of  the  tube,  and  when  secondary,  of  the  ovary  and  the 
uterus  also. 

Surgery  of  the  Ovaries. 

Inflammation  of  the  ovary  occurs  in  two  forms:  inflammation 
of  the  structure  of  the  organ  and  of  its  periphery.  The  former  is 
designated  as  oophoritis,  and  the  latter  as  peri-oophoritis.  Hyperemia 
or  congestion  of  the  ovary  may  result  from  infection.  Wrhen  we  con- 
sider that  the  ovary  undergoes  rupture  of  a  Graafian  follicle,  with  the 
discharge  of  its  contents  each  month  or  oftener,  and  this  is  followed 
by  a  collection  of  blood  which  undergoes  a  retrogressive  process,  it 
can  be  easily  understood  how  infection  may  reach  the  ovary  through 
the  Fallopian  tube  and  an  abscess  result.  Not  infrequently  do  we 
find  that  collections  of  blood-clots  take  place  in  the  organ,  known  as  an 
ovarian  apoplexy,  or  a  larger  collection  of  blood — an  ovarian  hematoma. 
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The  ovary  may  be  completely  destroyed,  forming  a  mere  shell  or  sac 
resembling  an  ordinary  cyst. 

Oophoritis  is  an  inflammation  of  the  structure  of  the  ovary,  which 
may  be  either  acute  or  chronic,  gonorrheal  or  septic.  It  is  charac- 
terized by  all  the  signs  of  inflammation,  such  as  swelling,  engorgement 
of  blood,  increase  in  size  of  the  blood-vessels,  extravasation  of  blood, 
and  the  formation  of  pus.  The  latter  may  involve  only  a  small  part 
of  the  ovary,  or  the  entire  organ  may  be  taken  up  by  the  abscess. 
The  ovary  may  be  infected  through  the  Fallopian  tube,  by  way  of  the 
lymphatics  or  blood-vessels,  or  by  contact  with  a  knuckle  of  intestine 
or  with  an  inflamed  appendix.  The  abscess  may  involve  the  ovary 
alone,  with  a  similar  condition  in  the  corresponding  tube,  the  suppu- 
rating ovaries  generally  becoming  adherent  to  the  surrounding 
structures.  If  the  walls  are  thick,  the  pus  may  remain  relatively 
quiescent,  and  be  the  cause  only  of  continued  ill  health.  The  suppu- 
rating ovary  is  generally  adherent  to  the  surrounding  structures  and 
can  drain  through  the  intestine,  the  bladder,  or  the  vagina.  The 
cavity  thus  evacuated  may  become  contracted  and  ultimately  dis- 
appear. An  abscess  in  the  ovary,  however,  is  not  always  associated 
with  peri-oophoritis.  Peri-oophoritis  results  in  marked  thickening 
of  the  envelop  of  the  ovary,  the  tunica  albuginea,  which  becomes  so 
firm  and  resistant  that  it  is  not  readily  ruptured  by  the  maturing 
Graafian  follicle,  so  that  an  ovary  thus  infected  is  likely  to  contain  a 
number  of  small  cysts  which  have  evidently  failed  to  rupture.  This 
leads  to  cystic  degeneration  of  the  organ.  Chronic  oophoritis  is  not 
infrequently  associated  with  mumps.  Peri-oophoritis  is  the  result 
of  inflammation  which  has  extended  from  the  Fallopian  tube,  involving 
the  surface  of  the  ovary,  causing  it  to  be  bound  down  and  covered 
with  a  mass  of  adhesions.  It  may  be  a  part  of  a  widely  extended 
inflammatory  process,  is  generally  associated  with  fixation  of  the 
end  of  the  tube;  not  infrequently  the  uterus  is  also  adherent.  This 
inflammation  interferes  with  the  normal  function  of  the  ovary  so  that 
it  is  impossible  for  an  ovum  to  escape  from  the  fully  matured  Graafian 
follicle.  The  ovary  is  generally  situated  in  Douglas7  pouch,  where 
it  is  fixed  between  the  rectum  and  the  uterus,  and  subject  to  pressure 
from  a  distended  rectum,  and  injured  by  the  impinging  male  organ 
during  coition,  so  that  the  life  of  the  individual  is  attended  with  severe 
discomfort. 

Symptoms. — Like  disease  of  the  tubes,  oophoritis  exhibits  no 
characteristic  symptoms.  Even  in  acute  cases  there  is  nothing  present 
which  can  be  said  to  be  a  positive  indication  of  the  ovarian  lesion. 
In  the  less  severe  forms,  however,  we  recognize  symptoms  which  can 
be  justly  attributed  to  ovarian  disease.  Of  these,  pain  is  the  only 
constant  symptom  in  all  varieties  of  pelvic  inflammation.  It  is  more 
likely  to  be  felt  in  peri-oophoritis  a  week  or  ten  days  prior  to  men- 
struation. At  this  time,  the  ovary  becomes  engorged  with  blood  and 
the  pressure  of  the  adhesions  upon  the  distended  ovary  produces 
distressing  pain.     This  pain  may  be  felt  in  the  inguinal  region  over 
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the  ovary,  more  possibly  as  an  ache.  It  is  also  not  infrequently 
found  that  the  corresponding  mammary  gland  is  the  seat  of  a  severe 
pain.  The  pain  in  the  ovary  is  aggravated  by  pressure  through  the 
vagina  or  the  rectum.  There  are  no  characteristic  disturbances  of 
menstruation,  although  it  is  found  in  cystic  degeneration  of  the 
ovary  which  is  associated  with  chronic  oophoritis  that  irregular  bleed- 
ing and  prolonged  menstruation  are  frequently  associated. 

Diagnosis. — The  infection  rarely  confines  itself  to  the  ovary,  so 
that  the  phenomena  present  are  modified  by  the  surrounding  inflam- 
mation. The  recognition,  by  bimanual  palpation,  of  a  tender  body, 
somewhat  enlarged,  but  retaining  the  shape  of  the  ovary,  confirms 
the  diagnosis.  The  presence  of  adhesions  or  exudates  will  fix  the 
organ  in  one  position.  It  should  not  be  forgotten,  however,  that 
pain  in  the  inguinal  region  is  not  necessarily  the  result  of  ovarian 
disease,  as  not  infrequently  points  of  pain  which  can  be  covered  by  a 
silver  dollar  in  this  region  are  due  to  neurotic  conditions  rather  than 
to  actual  ovarian  disease. 

Treatment. — Rest  in  bed,  abstemious  diet,  saline  purgatives,  and 
cold  applications  should  be  considered  as  the  proper  treatment  in  the 
acute  conditions.  Arterial  tension  may  be  reduced  by  administration 
of  tincture  of  aconite  in  small,  frequently  repeated  doses.  Where  it  is 
evident  that  suppuration  exists,  it  is  better  that  immediate  operation 
should  be  done  and  the  infected  organ  removed.  In  chronic  oophoritis 
with  enlargement  of  the  ovary  and  thickening  of  its  tunica  albuginea, 
resection  of  a  portion  of  the  ovary  will  be  attended  with  very  great 
benefit.  This  brings  about  a  more  active  metabolism,  by  which  a 
portion  of  the  inflammatory  exudate  is  absorbed,  and  the  ovary  is 
better  able  subsequently  to  perform  its  functions.  In  peri-oophoritis 
it  is  quite  a  point  that  the  ovary  should  be  set  free,  the  bands  of 
adhesions  fixing  it  broken  up,  and  especially  bands  which  are  attached 
to  the  intestine;  the  peristaltic  action  of  the  latter  drags  and  pulls 
upon  the  ovary,  greatly  increasing  the  nervous  irritation.  When 
the  ovarian  ligament  is  elongated  and  the  ovary  shows  a  disposition 
to  drop  into  Douglas'  pouch,  it  is  well  to  break  through  the  thin  part 
of  the  broad  ligament  between  the  Fallopian  tube  and  round  ligament 
and  push  the  ovary  through  the  opening,  closing  it  by  suture.  This 
places  the  ovary  upon  the  ligament  between  the  tube  and  the  round 
ligament  and  prevents  further  displacement.  When  the  tube  and 
the  ovary  are  infected,  the  proper  procedure  is  to  remove  them 
entirely. 

Parovarian  Tumors. — This  name  is  given  to  tumors  or  cysts 
which  have  their  origin  in  the  parovarium  or  organ  of  Rosenmuller 
(Vol.  I.,  Fig.  223,  p.  828).  This  is  a  structure  which  is  found  in  the 
broad  ligament,  and  consists  of  eight  or  ten  fine  tubes  running  ver- 
tically to  the  long  axis  of  the  ovary  and  entering  the  para-oophoron 
or  hilum.  They  are  the  remains  of  the  Wolffian  body.  Their  ends, 
remote  from  the  ovary,  are  joined  by  a  horizontal  tube  which  runs 
parallel  with  its  long  axis.     This  is  called  the  duct  of  Gartner.     The 
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parovarian  cysts  develop  out  of  the  vertical  tubes.  These  cysts  are 
sometimes  called  simple  broad-ligament  cysts,  and  it  is  asserted  by 
Doran  that  they  develop  in  the  broad  ligament  independent  of  the 
parovarium.  These  tumors  are  distinguished  by  the  fact  that  the 
ovary  is  attached  to  the  side  of  the  cyst,  the  Fallopian  tube  stretched 
across  its  top,  and  if  the  tumor  is  large,  the  tube  is  elongated  and  the 
mesosalpinx  thickened.  As  they  develop  in  the  broad  ligament,  the 
peritoneum  is  easily  stripped  off.  The  contents  are  clear,  limpid, 
straw  colored,  with  a  specific  gravity  of  about  1010,  and  the  sac  is 
generally  unilocular.  Bland-Sutton  asserts  that  they  form  about 
10  per  cent,  of  the  tumors  ordinarily  diagnosed  as  ovarian  cysts. 
These  cysts  when  ruptured  or  punctured  sometimes  disappear  and 
the  sac  becomes  obliterated.  I  have  seen  such  growths,  however, 
which  were  tapped  a  number  of  times.  When  they  attain  to  a 
considerable  size,  they  spread  out  the  broad  ligament  and  the  parietal 
peritoneum,  and  that  covering  the  tumor  may  become  adherent  and 
so  firmly  united  that  the  cyst  can  be  enucleated  without  entering  the 
peritoneal  cavity.  The  fluid  contained  within  the  tumor  is  not 
irritating,  so  that  when  it  ruptures  into  the  peritoneum  there  is 
a  free  discharge  of  urine  for  a  few  days,  when  the  trouble  subsides. 
As  the  cyst  is  loosely  attached  to  the  peritoneal  covering,  the  growth 
may  frequently  be  enucleated  without  the  sacrifice  of  the  ovary. 
Occasionally,  there  will  be  found  papillary  vegetations  within  such 
a  cyst,  but  they  do  not  modify  its  clinical  history. 

Ovarian  Cysts. — Ovarian  tumors  display  a  greater  tendency  to 
malignant  degeneration  than  any  growths  of  other  organs,  and  it  is 
difficult  to  determine  in  an  individual  case  whether  it  is  malignant 
or  benign.  They  are  divided  into  cystic  and  solid,  the  former,  into 
the  simple,  proliferating,  and  dermoid;  the  latter,  into  the  fibromata, 
sarcomata,  carcinomata,  and  endotheliomata,  and,  according  to  size, 
into  large  and  small  cysts.  They  may  arise  in  any  part  of  the  ovarian 
structure,  as  the  cortical  and  medullary  or  parenchymatous  portions 
of  the  ovary.  They  may  attain  to  enormous  size,  becoming  larger 
than  any  other  growth  of  the  body,  and  occasionally  so  large  that  the 
body  seems  but  a  mere  appendage  to  the  tumor.  Maritan  reported 
such  a  cyst  which  weighed  200  pounds,  the  woman  prior  to  the  opera- 
tion having  weighed  290  pounds.  Bullitt  removed  a  tumor  weighing 
245  pounds,  and  Spohn,  of  Texas,  one  of  328  pounds,  and  the  patient 
recovered.  The  solid  tumors  are  much  less  frequent  than  the  cystic. 
The  latter  are  irregular  and  spheric;  the  surface  is  a  bluish-white  or 
a  glistening  white  color.  Cysts  are  further  divided  into  unilocular 
or  single  cysts  and  multilocular,  where  a  number  of  smaller  cysts 
exist.  Careful  examination  of  the  former  will  show  that  not  infre- 
quently smaller  cysts  are  situated  within  the  walls.  The  contents 
of  these  cysts  vary  greatly.  Indeed,  the  different  cysts  in  the  same 
tumor  may  show  radically  different  contents.  In  the  unilocular 
the  contents  are  usually  clear  and  limpid,  and  in  the  multilocular, 
thick,  viscid,  and  glue-like.  The  small  cysts  are  follicular  cysts, 
vol.  v— 36 
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cysts  of  the  corpus  luteum,  and  tubo-ovarian  cysts.  The  large  are 
glandular  proliferating,  papillary  proliferating,  and  dermoid. 

The  simple  or  follicular  cysts  are  unilocular,  dilated  follicles, 
generally  multiple  and  small.  Fifteen  or  twenty  of  these  may  be 
found  in  one  ovary.  These  may  project  in  the  wall  or  lie  embedded 
in  the  stroma.  They  were  formerly  considered  the  source  of  larger 
ovarian  cysts,  but  they  rarely  cause  the  ovary  to  attain  a  size  greater 
than  the  fist.  The  contents  are  a  clear,  occasionally  blood-stained 
fluid,  with  a  specific  gravity  of  1005  to  1020.  The  cyst-wall  is  a 
thin- walled,  transparent  membrane,  covered  with  columnar  epithe- 
lium. These  cysts  are  undoubtedly  unruptured  Graafian  follicles. 
They  rarely  give  rise  to  symptoms. 

Cysts  of  the  corpus  luteum  are  unilocular  cysts  the  size  of  a  pigeon's 
egg,  occasionally  as  large  as  an  apple.  The  cyst-wall  is  comparatively 
thick,  lined  by  a  yellow,  apparently  folded  membrane.  This  dis- 
tinguishes them  from  the  follicular  cysts. 

Tubo-ovarian  cysts  are  cysts  which  are  made  up  of  the  tube  and 
ovary.  When  the  orifice  of  the  tube  becomes  agglutinated  to  the 
surface  of  the  ovary  by  previous  inflammation,  a  cyst  in  the  ovary 
may  have  its  walls  gradually  thinned  until  it  ruptures  into  the  tube, 
and  the  sac  subsequently  is  made  up  of  the  tube  and  ovary.  They 
sometimes  attain  to  the  size  of  a  man's  head. 

Glandular  Proliferating  Cysts. — The  glandular  cyst  makes  up  the 
great  majority  of  ovarian  tumors,  and  may  vary  in  size  from  an  egg 
to  that  of  the  largest  tumor,  may  fill  the  abdomen,  and  encroach 
upon  the  thoracic  viscera.  The  surface  of  the  cyst  is  a  pearly  white; 
the  thinner  portions  are  purple,  green,  or  black,  according  to  their 
contents.  The  term  proliferating  is  applied  to  those  which  are 
highly  organized  and  abundantly;  supplied  with  blood-vessels.  The 
term  proligerous  is  applied  to  cysts  that  have  the  faculty  of  budding 
or  generating  new  cysts  from  within  the  original  wall.  The  tumor,  as 
it  increases  in  size,  stretches  out  its  attachment  to  the  broad  ligament, 
and  when  this  becomes  elongated,  it  is  known  as  a  pedicle.  Some 
cysts  are  without  a  pedicle,  and  these  are  most  frequently  of  the 
intraligamentous  variety,  i.  e.,  developing  in  the  broad  ligament. 
The  tumor  pedicle  consists  of  the  ovarian  ligament,  which  has  become 
stretched  and  undergone  hyperplasia,  and  the  meso-ovarium  or 
attachment  to  the  broad  ligament,  and  upon  this  the  tube  is  generally 
situated  to  a  slight  degree.  The  tube  in  some  cases  may  be  very 
greatly  elongated,  and  is  generally  removed  with  the  tumor.  The 
pedicle  may  vary  in  length  from  4  cm.  to  20  cm.,  and  in  breadth 
from  2  cm.  to  12  cm.,  or  it  may  be  entirely  absent.  When  the  develop- 
ment of  the  ovary  begins  toward  its  hilum,  it  may  spread  out  the 
broad  ligament  and  thus  form  a  subserous  cyst.  Such  a  tumor  is 
firmly  fixed  in  the  pelvis,  pushes  the  peritoneum  off  from  the  uterus, 
and  invades  the  space  between  it  and  the  bladder  or  rectum  and  not 
infrequently  the  uterus  may  be  spread  out  upon  its  surface.  These 
glandular  tumors  are  divided  into  areolar,  unilocular,  and  multilocular 
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cysts.  An  areolar  cyst  consists  of  a  number  of  small  cysts  with 
thick,  well-developed,  and  vascular  stroma.  A  number  of  these 
cysts  may  rupture  and  form  a  considerable  sized  one,  or  the  tumor 
may  consist  of  a  number  of  very  small  masses,  none  of  which  is  larger 
than  a  plum.  The  unilocular  cysts  often  attain  to  an  enormous 
size,  but  close  examination  of  the  wall  indicates  their  previous  division 
into  numerous  smaller  cysts,  so  that  it  is  quite  probable  that  all  the 
unilocular  cysts  have  originated  from  the  multilocular.  Multilocular 
cysts  contain  a  number  of  cysts  which  vary  in  size.  As  they  increase 
in  size,  the  pressure  of  their  septa  leads  to  their  rupture,  and  fre- 
quently there  will  be  found  remnants  of  the  wall  between  the  different 
cysts.  In  the  larger  cysts  the  epithelium  undergoes  degenerative 
changes,  disturbance  of  nutrition  through  thinning  of  the  intervening 
walls,  and  the  epithelium  may  entirely  disappear  from  the  wall  of  the 
larger  cysts.  Some  of  these  may  have  papillary  growths  upon  one 
side  of  the  cyst,  especially  that  side  toward  the  hilum  of  the  ovary. 
The  contents  of  the  cyst  vary  greatly  in  their  color  and  consistency — 
in  some  almost  colorless,  straw  colored,  green,  purple,  or  black,  thin 
or  thick,  viscid  or  gelatinous.  At  times  the  contents  of  the  cyst  are 
so  thick  and  viscid  that  it  has  the  consistency  of  jelly  and  has  to  be 
ladled  out  of  the  cavity. 

Papillary  Proliferating  Cysts. — These  cysts  may  exist  as  a  distinct 
form  or  be  a  complication  of  the  glandular.  In  this  particular  form 
of  cyst,  its  inner  wall  is  studded  with  vegetations  which  are  a  pro- 
liferation of  the  connective  tissue.  They  may  attain  to  considerable 
size  or  be  very  small,  and  the  vegetations  as  they  develop  lead  to  the 
rupture  of  the  sac  and  the  escape  of  its  contents  into  the  peritoneal 
cavity.  Where  this  takes  place,  the  peritoneum  becomes  infected 
with  the  growths.  The  entire  cavity,  the  parietal  peritoneum  and 
that  of  the  intestines,  may  be  studded  with  these  masses.  Not  infre- 
quently they  grow  over  the  uterus.  These  tumors  may  sometimes 
attain  to  considerable  size,  but  more  frequently  they  rupture  early. 
Following  the  rupture,  the  vegetations  grow  rapidly,  covering  over  the 
structures,  and  they  may  then  undergo  calcareous  change,  forming 
chalk-like  masses  looking  like  ferns,  are  readily  broken  off,  and  do  not 
bleed.  After  rupture  has  occurred  and  the  implantation  taken  place 
upon  the  peritoneum,  the  abdomen  may  be  greatly  distended  from 
ascites  and  a  mass  be  found  in  one  or  other  side  of  the  uterus.  This 
may  be  a  very  small  mass  or  a  considerable  sized  tumor,  and  usually 
is  quite  adherent.  Sometimes,  indeed,  the  inflammatory  exudate  is 
so  extensive  that  the  tumor  becomes  completely  buried  beneath  it. 

Dermoid  Tumors. — Dermoid  growths  of  the  ovary  are  usually  of 
moderate  size,  rarely  attaining  a  size  greater  than  that  of  the  head  of 
a  child,  unless  it  is  a  mixed  growth  consisting  of  glandular  and  der- 
moid elements.  In  these  growths  the  wall  of  the  sac  is  usually  quite 
thick.  The  tun  or  often  contains  various  structures  of  the  human 
body,  such  as  teeth,  hair,  muscle,  skin,  sebaceous  glands,  bone,  and 
fatty  material.     In  the  sac,  mixed  with  the  hair,  are  frequently  found 
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large  quantities  of  sebaceous  material.  This  is  acid  in  reaction  and 
extremely  irritating,  so  that  its  escape  into  the  peritoneal  cavity  may 
be  productive  of  severe  peritonitis.  It  is  well,  for  this  reason,  that 
these  growths  should  be  removed  entire  without  puncture.  The 
dermoid  cyst  may  exist  for  a  long  period  of  time;  it  is  found  in  young 
children  and  in  women  ninety  years  of  age.  Not  infrequently  the 
fatty  material  may  be  found  to  be  in  the  form  of  balls.  Sometimes 
the  wall  of  these  sacs  will  be  filled  with  calcareous  material.  The 
pedicles  may  become  twisted,  and  the  tumor  have  lost  its  original 
relations,  being  nurtured  through  adhesions  to  the  omentum  or 
intestines. 

Solid  growths  of  the  ovary  are  much  less  frequent  than  those  of 
the  cystic  variety.  They  consist  of  fibromyomata,  sarcomata,  and 
carcinomata. 

Fibromyoma  of  the  ovary  is  a  tumor  usually  of  moderate  size,  is 
quite  firm  and  hard,  and,  from  its  weight,  may  become  impacted  in  the 
pelvis  and  give  rise  to  irritation  of  the  rectum,  and  from  the  irritation 
of  the  peritoneum  may  not  infrequently  be  the  cause  of  severe  ascites. 

Sarcoma  of  the  ovary  forms  a  tumor  resembling  the  fibroid.  It  is 
smoother  upon  its  surface,  not  so  firm  and  dense,  and  may  be  either 
of  the  round  or  the  spindle-cell  variety.  The  latter  form  is  more 
solid.  The  round-cell  sarcoma  forms  a  large,  soft  mass  which  develops 
rapidly.  Not  infrequently  we  may  have  the  glandular  proliferatng 
cyst  and  sarcoma  mixed,  the  masses  or  nodules  of  sarcomatous 
disease  being  situated  in  the  structure  of  the  glandular  cyst. 

Carcinoma  of  the  ovary  occurs  more  frequently  than  sarcoma. 
Investigation  of  ovarian  cysts  has  shown  that  at  least  20  per  cent,  of 
them  are  malignant.  The  cyst-wall  becomes  infiltrated,  and  the 
disease  gradually  extends  to  the  surrounding  structures. 

For  the  etiology  and  progress  of  ovarian  growths  see  Vol.  I.,  p.  828. 

Ovarian  growths  attain  to  considerable  size  without  producing 
any  symptoms  whatever.  If  the  tumor  is  freely  movable  after  it 
attains  a  size  sufficient  to  fill  up  the  pelvis,  it  rises  out  of  it  and  rests 
upon  the  brim  of  the  pelvis.  If  the  tumor,  however,  is  adherent 
within  the  pelvis,  as  it  increases  in  size  it  makes  pressure  upon  the 
rectum  and  bladder,  causing  marked  discomfort  in  both.  As  ovarian 
tumors  increase  in  size  they  make  pressure  against  the  abdominal 
viscera,  crowd  up  the  intestines  and  stomach  against  the  diaphragm, 
interfere  with  the  heart's  action,  decrease  the  capacity  of  the  lungs, 
interfere  with  the  circulation  through  the  abdominal  viscera,  and 
produce  marked  disturbance  of  nutrition.  The  patient  becomes 
emaciated,  while  the  abdominal  distention  increases.  The  face 
looks  haggard,  sallow,  and  drawn,  presenting  a  condition  known  as 
facie8  ovariana.  When  the  tumor  attains  to  very  large  size,  it  may  so 
interfere  with  the  return  circulation  as  to  bring  about  dropsy  of  the 
lower  extremities,  and  the  patient  presents  an  appearance  as  if  the 
growth  was  completely  sapping  her  vitality. 

Complications. — An  ovarian  cyst  may  be  complicated  by  ascites. 
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This  may  result,  as  we  have  already  seen,  from  rupture  of  a  papillary 
ovarian  cyst  and  the  infection  of  the  peritoneum,  producing  a  general 
peritonitis  with  serous  effusion.  It  may  be  produced  by  necrotic 
changes  in  the  growth,  which  becomes  a  foreign  body  and  thus  pro- 
duces a  general  peritonitis.  Ascites  is  more  likely  to  occur  where 
the  pedicle  has  undergone  torsion,  and  especially  when  the  entire 
tumor  becomes  necrotic.  Another  complication  is  distention  of  the 
pelvis  of  the  kidney.  This  is  brought  about  by  pressure  upon  the 
ureter.  This  interference  with  the  passage  of  the  urine  to  the  bladder 
causes  the  kidney  to  become  greatly  distended,  but  is  less  frequent  in 
cystic  than  in  solid  growths.  Adhesion  between  the  cyst  and  the 
surrounding  structures  is  a  rather  frequent  complication.  This  may 
take  place  in  large  ovarian  cysts  as  the  result  of  pressure,  which  causes 
the  loss  of  vitality  of  the  superficial  epithelium.  •  Injury  to  the  surface 
of  the  cyst  from  bruises  may  cause  a  localized  peritonitis  and  the 
formation  of  adhesions.  The  adhesions  may  occur  between  the 
intestines  or  omentum  and  the  surface  of  the  tumor,  between  the 
tumor  and  the  abdominal  parietes,  or  they  may  exist  in  the  pelvis. 
Any  condition  which  leads  to  infection  results  in  the  formation  of 
adhesions.  When  a  tumor  is  situated  in  the  pelvis  or  abdomen,  so 
that  pressure  is  made  upon  a  knuckle  or  coil  of  intestine,  the  changes 
thus  induced  may  result  in  adhesions  through  which  the  infection 
enters  the  cyst  and  causes  its  rupture  into  the  adherent  coil  of  intes- 
tines. In  this  way  portions  of  the  contents  of  the  cyst  may  escape  into 
the  intestine  and  the  intestinal  contents  into  the  cyst,  producing 
serious  inflammatory  changes.  I  have  seen  dermoid  cysts  thus 
opening  into  the  intestines  with  a  coil  of  hair  projecting  into  the 
intestinal  cavity. 

Torsion  of  the  Pedicle. — This  is  not  of  infrequent  occurrence  with 
a  cyst  of  moderate  size  and  a  long  pedicle.  The  changes  of  position 
of  the  patient  may  lead  to  rotation  of  the  cyst  and  a  partial  rotation  at 
once  to  obstruction  of  the  venous  or  the  arterial  circulation.  Thus  blood 
is  pumped  into  the  growth  which  cannot  get  out  and  leads  to  serous 
effusion,  even  to  rupture  of  blood-vessels,  and  to  the  escape  of  blood 
into  the  tumor,  and  through  its  walls  into  the  peritoneal  cavity. 
When  the  torsion  is  more  complete,  gangrene  sets  in,  the  tumor 
becomes  a  necrotic  body,  and  at  once  degenerates,  and  general  peri- 
tonitis with  extensive  serous  effusion  results.  Such  a  condition 
should  be  suspected  whenever  the  growth  which  has  existed  for  some 
length  of  time  takes  on  rapid  increase  in  size.  The  pulse  is  rapid, 
the  patient  experiences  shortness  of  breath,  she  has  difficulty  in 
breathing  in  the  recumbent  position,  looks  anxious,  and  her  condition 
is  apparently  critical.  Inflammation  and  suppuration  of  the  sac  are 
complications  which  are  much  less  frequently  present  than  formerly, 
when  it  was  customary  to  draw  off  the  contents  of  such  tumors  by 
paracentesis.  The  employment  of  the  trocar  permitted  the  intro- 
duction of  infection  to  the  cyst,  which  would  result  in  inflammation 
and  not  infrequently  in  suppuration. 
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Inflammation  and  Suppuration. — An  inflamed  cyst  the  seat  of 
inflammation  and  suppuration  is  extremely  sensitive  to  pressure; 
the  patient  has  a  rapid  pulse  and  a  temperature  elevated  and  markedly 
fluctuating.  The  patient  may  frequently  have  severe  chills.  When 
suppuration  has  occurred,  the  temperature  varies  considerably  each 
day.  The  patient  loses  her  appetite,  becomes  rapidly  emaciated,  has 
hectic  flush  of  the  cheeks,  and  presents  all  the  symptoms  of  a  very 
grave  condition. 

Rupture  of  a  Cystic  Tumor. — Rupture  of  a  cyst  may  occur  as  the 
result  of  injury,  a  fall,  or  of  necrotic  changes  in  the  cyst-wall.  It  is 
indicated  by  more  or  less  pain  in  the  abdomen,  by  tenderness  over  the 
abdomen,  and  by  change  in  the  contour  of  the  tumor.  Instead  of 
being  prominent  in  the  vertical  direction,  the  tumor  becomes  flattened, 
spreads  out  from  side  to  side,  and  the  patient  presents  more  the 
appearance  of  a  woman  with  ascites.  In  a  small  or  unilocular  cyst 
the  fluid  is  rapidly  absorbed  by  the  peritoneum,  and  the  patient  for 
a  few  days  passes  inordinate  quantities  of  urine,  when  the  tumor 
apparently  disappears.  This  is  particularly  true  in  parovarian  cysts, 
when  the  cysts  may  undergo  a  certain  amount  of  inflammation  which 
leads  to  their  obliteration.  When  the  fluid  is  irritating,  thick,  and 
viscid,  it  at  once  develops  a  localized  peritonitis.  Both  the  parietal 
and  visceral  peritoneum  becomes  coated  over  with  the  thick,  viscid 
material  which  cannot  be  scraped  off.  The  abdomen  is  flattened 
and  gives  a  sensation  of  fluctuation  and  resonance  on  percussion,  with 
change  of  the  position  of  the  body,  which  would  lead  the  investigator 
to  suppose  that  he  is  dealing  with  ascites. 

Pregnancy. — The  degeneration  of  the  ovary  or  of  both  ovaries  by 
the  formation  of  cysts,  unless  it  destroys  the  entire  ovarian  stroma, 
need  not  prevent  the  occurrence  of  conception.  Indeed,  pregnancy 
is  not  an  unusual  complication  of  ovarian  cyst.  The  result  of  the 
pregnancy  will  depend  somewhat  upon  the  situation  and  size  of  the 
growth.  In  those  cases  in  which  the  tumor  is  situated  within  the 
pelvis,  filling  it,  and  pushing  the  uterus  upward,  it  may  very  greatly 
interfere  with  the  nutrition  of  the  pregnant  uterus,  thus  endangering 
the  offspring  prior  to  its  maturity,  and  endangering  also  the  life  of  the 
patient.  When  the  tumor  is  small  and  readily  movable,  it  may  be 
pushed  out  of  the  pelvis,  allowing  the  uterus  to  drop  into  it,  and 
thus  prevent  the  return  of  the  cyst  to  a  position  where  it  would  be  a 
cause  of  obstruction.  In  cases,  however,  in  which  the  ovary  is  fixed 
in  the  pelvis,  we  have  to  consider  other  methods  of  procedure.  A 
cyst  fixed  in  the  pelvis,  which  cannot  be  displaced,  will  necessarily 
prevent  the  delivery  of  the  patient,  even  though  the  head  of  the  child 
could  be  delivered  after  the  reduction  of  the  size  of  the  cyst;  its 
pressure  would  so  devitalize  the  growth  as  to  lead  to  serious  conse- 
quences. In  all  such  cases  we  have  to  consider  the  possibility  of 
interference  during  the  progress  of  the  pregnancy.  Experience 
teaches  that,  if  necessary,  abdominal  section  may  be  done  during  a 
pregnancy  without  interference  with  its  progress,  and  will  greatly 
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influence  the  comfort  of  the  patient  subsequently.  The  tumor  at 
times  may  be  so  la*ge  that  there  is  not  sufficient  room  for  it  and  the 
enlarging  uterus.  Small  growths  situated  in  the  abdomen  and  above 
the  pelvis  may  be  permitted  to  remain  until  the  patient  recovers  from 
the  full  effects  of  the  gestation.  In  those  cases  in  which  the  tumor 
is  situated  in  the  pelvis  the  other  alternative  to  operation  for  removal 
of  the  tumor  would  be  to  do  a  Cesarean  section. 

Diagnosis. — The  ovarian  cyst  is  recognized  by  bimanual  palpa- 
tion. The  mass  fills  up  the  abdomen,  and  we  are  able  to  determine 
its  outline,  that  the  contents  are  fluid  by  its  fluctuation,  that  it  is 
contained  within  a  sac  rather  than  free  in  the  abdominal  cavity  by 
the  general  outline  of  the  distention,  the  cervical  diameter  being  the 
greatest  in  the  cyst,  the  transverse  diameter  in  the  free  fluid.  In 
considering  the  diagnosis  we  have  to  determine,  first,  whether  the 
distention  is  due  to  an  abdominal  tumor.  In  determining  this  the 
differential  diagnosis  must  be  made  in  ventral  hernia,  tympanites, 
fecal  accumulation,  distended  bladder,  ascites,  and  localized  peritoneal 
effusion,  all  of  which  conditions  give  rise  to  distention  of  the  abdomen 
simulating  an  abdominal  tumor. 

Ventral  hernia  is  a  protrusion  of  the  intestine  or  omentum  through 
other  than  the  natural  openings  in  the  abdominal  wall.  It  most 
frequently  follows  an  abdominal  incision  where  faulty  methods  have 
been  employed  in  closing  the  wound.  Such  a  distention  produces  a 
tumor  which  is  resonant  over  its  surface,  and  which,  under  systematic 
and  careful  manipulation,  may  be  reduced  in  size  or  may  even  entirely 
disappear.  When  it  has  thus  been  pushed  back  into  the  abdomen, 
the  opening  through  which  it  made  its  exit  is  readily  recognizable. 
A  tumor  more  nearly  simulating  the  ovarian  cyst  will  be  found  in 
cases  in  which  there  is  a  diastasis  of  the  recti  muscles,  leaving  the 
intestines  to  fall  through,  covered  only  by  the  skin  and  peritoneum. 
The  intestinal  coils  can  be  recognized,  and  their  vermicular  motion 
seen  through  this  thin  covering.  Percussion  over  the  mass  is  every- 
where resonant. 

Tympanites  is  a  distention  of  the  intestine  from  gas,  and  is  gener- 
ally not  persistent.  It  is  usually  associated  with  some  inflammatory 
condition  within  the  abdomen.  Percussion  of  such  a  distention 
affords  everywhere  a  resonant  sound,  and  this  resonance  does  not 
change  with  the  position  of  the  patient. 

Fecal  Accumulation. — The  accumulation  of  fecal  matter  within 
the  large  intestine  may  sometimes  form  a  mass  that  resembles  a  tumor 
and  may  be  mistaken  for  it.  Careful  examination,  however,  discloses 
that  pressure  upon  such  a  mass  will  leave  an  indentation  which  remains. 
When  the  physician  is  at  all  in  doubt,  the  administration  of  purga- 
tives, by  clearing  out  the  alimentary  canal,  makes  the  diagnosis 
certain. 

Distended  Bladder. — In  low  fevers  it  is  not  of  unusual  occurrence 
to  find  a  tumor  in  the  lower  part  of  the  abdomen  which  will  be  entirely 
dispelled  by  the  introduction  of  a  catheter.     It  is  not  of  unusual 
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occurrence  for  a  young  resident  physician,  seeing  such  a  case,  to  call 
the  attention  of  his  chief  to  a  supposed  ovarian  cyst,  as  the  tumor  is 
in  the  median  line,  pushing  up  the  intestines,  so  that  resonance  is 
situated  around  and  above  it,  while  dulness  occurs  over  the  tumor. 
The  vaginal  examination  of  such  a  patient  discloses  the  bulging  of  the 
anterior  wall  of  the  vagina,  and  the  catheter  should  be  employed; 
when,  if  it  is  a  distended  bladder,  it  will  at  once  be  revealed. 

Ascites. — Ascites  is  not  infrequently  mistaken  for  an  ovarian 
cyst.  We  have  in  ascites  and  ovarian  cyst  a  common  symptom, 
fluctuation.  The  fluctuation  in  ascites  extends  further  back  in  the 
flank.  In  an  ovarian  cyst  the  projection  of  the  vertebrae  forward 
lifts  the  tumor  out  of  the  flank,  so  that  fluctuation  does  not  extend 
back.  In  percussion  over  such  a  projection  in  ascites  it  is  found  that 
the  intestines,  being  lighter  than  the  fluid  in  which  they  float,  rise 
to  the  surface,  causing  an  area  of  resonance  over  the  tumor,  while  in 
fluid  that  is  contained  within  a  cyst  the  zone  of  resonance  is  on  either 
side  or  above  the  tumor.  In  ascites  this  zone  of  resonance  changes 
with  the  change  of  position  of  the  patient,  while  in  ovarian  cyst  the 
position  of  the  patient  makes  no  difference,  the  resonance  and  dulness 
remaining  the  same. 

Localized  Peritoneal  Effusion. — This  is  more  difficult  to  determine 
from  ovarian  cyst.  It  is  generally  situated  at  one  side  of  the  abdo- 
men; it  is  irregular  in  its  outline,  and  is  associated  with  symptoms 
indicating  a  previous  inflammatory  condition  of  the  pelvis.  Its  most 
frequent  cause  is  a  tuberculous  peritonitis.  In  some  cases  it  is 
necessary  to  make  an  exploratory  incision  in  order  to  arrive  at  an 
accurate  diagnosis. 

Now,  having  satisfied  ourselves  by  exclusion  that  the  abdominal 
condition  is  an  abdominal  tumor,  we  are,  secondly,  to  determine 
whether  it  is  an  ovarian  growth.  An  ovarian  growth  differs  in  size 
according  to  the  length  of  time  it  is  in  existence  and  the  variety  of 
cyst  with  which  we  are  confronted.  It  may  be  confounded  with 
pregnancy,  with  hydramnios,  with  extra-uterine  pregnancy,  uterine 
myomata,  retroperitoneal  tumors,  and  other  abdominal  collections. 

Pregnancy. — One  would  suppose  that  pregnancy  would  be  unlikely 
to  be  mistaken  for  an  ovarian  cyst,  and  yet  cases  have  been  tapped 
with  the  supposition  that  an  ovarian  cyst  existed,  to  find  that  the 
pregnant  uterus  had  been  the  site  of  operation.  In  pregnancy  the 
general  appearance  of  the  patient  and  the  history  of  amenorrhea  are 
of  importance,  although  it  occasionally  occurs  that  menstruation 
continues  regularly  during  the  progress  of  the  pregnancy;  the  physical 
examination  will  disclose  that  the  tumor  is  situated  within  the  uterus; 
that  it  is  not  pedunculated,  and  also  we  may  feel  uterine  contractions, 
portions  of  the  body  of  the  fetus,  and  we  may  also  be  able  to  recognize 
fetal  heart-sounds,  all  of  which  exclude  an  ovarian  cyst. 

Hydramnios. — The  large  and  sudden  accumulation  of  fluid  within 
the  amniotic  sac  which  is  known  as  hydramnios  is  an  occasional 
occurrence    of    pregnancy.     The    marked    distention,    the    sense    of 
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fluctuation,  the  thin  wall  through  which  the  fluctuation  is  distinct, 
are  all  symptoms  which  lead  to  the  supposition  of  an  ovarian  cyst. 
Vaginal  examination,  however,  will  disclose  the  cervix,  more  or  less 
taken  up  by  the  accumulation.  Sometimes,  indeed,  the  cervix  will 
be  widely  dilated.  The  patient,  being  in  an  upright  position,  pressure 
against  the  protruding  membrane  in  the  external  os  may  afford  the 
sensation  of  ballottement. 

Extra-uterine  Pregnancy. — In  an  advanced  stage,  where  the  fetus 
has  continued  to  live,  this  condition  may  readily  be  mistaken  for  an 
ovarian  growth.  The  uterus  will  be  found  attached  to  the  tumor, 
possibly  in  front  of  or  beneath  it.  The  sensation  of  fluctuation  will 
be  recognized,  but  careful  palpation  will  also  disclose  portions  of  the 
fetus  as  resisting  masses  within  the  sac. 

Uterine  Myomata. — As  these  growths  are  generally  firm  and  resist- 
ing, there  would  not  seem  to  be  any  excuse  for  their  being  confounded 
with  an  ovarian  cyst,  but  not  infrequently  it  will  be  found  that  a 
myoma  has  become  edematous  from  some  interference  with  its 
nutrition.  It  becomes  greatly  increased  in  size,  and  presents  a  sense 
of  fluctuation  so  distinct  as  to  lead  the  investigator  to  believe  that 
it  is  a  cystic  tumor.  Bimanual  palpation,  however,  in  such  a  growth 
discloses  its  association  with  the  uterus  by  a  more  or  less  well-defined 
pedicle,  or  in  some  cases  the  entire  uterus  may  be  taken  up  with  the 
growth  and  its  cervix  form  the  pedicle. 

Retroperitoneal  Tumors. — Retroperitoneal  tumors  may  be  situated 
in  the  pelvis  or  upon  one  side  of  the  abdomen.  Unless  large,  careful 
investigation  will  disclose  the  intestinal  resonance  over  the  surface 
of  the  tumor,  but  in  many  cases  the  diagnosis  is  determined  only 
after  the  abdomen  is  opened. 

Other  abdominal  collections,  such  as  physometra,  hydrometra, 
and  hematometra,  are  distentions  of  the  uterus.  In  the  first,  the 
uterus  is  distended  with  air;  in  the  second,  with  serous  fluid,  and  in 
the  third,  with  blood.  Bimanual  palpation  in  all  these  cases  discloses 
that  the  uterus  is  a  part  of  the  tumor,  and  hence  determines  its 
character. 

The  third  subject  for  diagnosis  is  the  relation  of  the  tumor  to  the 
surrounding  parts:  thus,  the  tumor,  more  or  less  fixed  by  adhesions, 
is  situated  within  the  abdominal  cavity.  These  adhesions  may  exist 
between  the  tumor  and  the  anterior  parietes,  or  the  pelvic  structures, 
the  omentum,  or  coils  of  intestine.  The  mobility  of  the  tumor  with 
each  inspiration  and  expiration  affords  some  idea  as  to  the  presence 
of  adhesions.  The  ability  to  push  the  tumor  up  from  the  pelvis  into 
the  abdominal  cavity  also  affords  the  certainty  that,  if  adhesions 
exist,  they  must  be  long  and  not  a  severe  obstruction.  Another 
condition  to  be  recognized  is  torsion  of  the  pedicle.  This,  as  we  have 
already  seen,  leads  to  rapid  increase  of  the  size  of  the  tumor  from 
obstruction  of  its  venous  circulation  and  the  failure  to  interfere  with 
the  more  rigid  vessels,  the  arteries.  The  tumor  rapidly  increases  in 
size,  or  the  twisting  may  be  so  marked  as  to  interfere  with  the  circula- 
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tion,  causing  the  tumor  to  become  a  foreign  body,  and  a  peritonitis 
with  serous  effusion  to  follow. 

Variety  of  the  Tumor. — As  we  have  already  seen,  ovarian  tumors 
are  divided  into  glandular  proliferating,  papillary  proliferating,  and 
dermoid  tumors,  in  addition  to  which  is  also  the  parovarian  cyst. 
The  largest  tumors  are  the  glandular  proliferating.  These  are  not 
infrequently  multilocular.  That  there  are  a  number  of  cysts  can  be 
determined  by  the  short  wave  of  fluctuation,  the  irregular  and  nodular 
feel  of  the  growth,  and  its  large  size.  Papillary  proliferating  growths 
are  smaller  in  size,  are  likely  to  undergo  early  rupture,  and  to  be 
complicated  by  ascites.  The  pelvic  examination  of  such  a  patient 
will  disclose  more  or  less  induration  or  infiltration  on  either  side  of 
the  uterus,  with  an  ascitic  accumulation  filling  the  abdominal  cavity. 
The  dermoid  tumor  is  generally  a  small  tumor;  it  is  rounded,  spheric 
in  shape,  has  some  elasticity,  but  no  fluctuation. 

Treatment. — The  former  treatment  of  ovarian  growths  consisted 
in  the  frequently  repeated  evacuation  of  their  contents.  Even  after 
the  removal  of  the  growth  became  popular  it  was  felt  that  at  least 
two  or  three  tappings  should  be  done  preliminary  to  a  radical  opera- 
tion. Such  procedures  endanger  the  patient  through  the  possibility 
of  the  escape  of  the  viscid  and  irritating  contents  into  the  peritoneal 
cavity.  It  is  now  recognized  that  the  only  justifiable  treatment  for 
such  a  tumor  is  its  removal,  which  operation,  from  long  usage,  is 
known  as  ovariotomy. 

Ovariotomy. — This  operation  was  first  performed  by  Ephraim 
McDowell,  a  physician  in  the  back  woods  of  Kentucky.  He  did  the 
operation  nine  times  before  he  reported  it,  and  his  report  slumbered 
for  a  long  time  before  it  had  any  influence  upon  the  profession.  The 
successful  work  of  the  Atlees,  of  Pennsylvania,  Dunlap,  of  Ohio,  and 
Kimball,  of  Massachusetts,  in  this  country,  and  that  of  Clay,  in 
England,  led  to  the  acceptance  of  ovariotomy  as  a  justifiable  proce- 
dure. With  the  advent  of  antiseptic  measures  and  later  aseptic 
treatment  surgeons  very  soon  forgot  their  fear  of  the  peritoneum, 
and  tumors  which  were  formerly  considered  as  not  large  enough  to 
demand  their  removal  are  now  subjected  as  a  routine  measure  to 
ovariotomy.  The  indications  for  this  operation  may  be  considered 
as  the  recognition  of  the  presence  of  an  ovarian  tumor,  however 
large  or  small  it  may  be.  When  we  remember  that  20  per  cent,  of 
ovarian  cysts  are  malignant;  when  we  are  unable  to  determine  in  the 
early  stage  the  presence  of  a  papillary  growth  which  may  rupture  and 
lead  to  secondary  implantation,  the  importance  of  the  early  radical 
removal  of  the  growth  must  be  appreciated. 

Contraindications. — The  only  contraindications  to  the  removal  of 
an  ovarian  cyst  is  complication  of  the  condition  by  the  presence  of 
some  constitutional  state,  such  as  a  serious  heart  lesion  or  an  advanced 
pulmonary  tuberculosis  which  would  render  the  patient  unlikely  to 
recover,  and  would  soon  terminate  her  life  even  if* the  growth  were 
removed. 
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Preparatory  Treatment. — In  the  performance  of  an  operation  so 
grave  as  ovariotomy  must  necessarily  be  in  a  patient  who  has  a 
large  ovarian  cyst,  it  is  desirable  that  she  should  be  placed  in  the 
best  possible  condition  for  a  favorable  termination.  It  is  important, 
then,  that  the  alimentary  canal  should  be  cleared  of  all  long-retained 
masses  which  would  present  opportunity  for  possible  infection  follow- 
ing the  operation.  Then,  too,  the  thorough  cleansing  of  the  alimentary 
canal  enables  us  to  use  it  subsequently  for  drainage  by  repeated 
purging.  The  urine  should  be  investigated,  and,  where  deficient, 
excretion  should  be  promoted  by  the  administration  of  plenty  of 
water.  The  patient  should  be  thoroughly  bathed,  thus  improving 
elimination  by  the  skin.  It  may  be  important,  at  times,  to  administer 
remedies  to  stimulate  the  circulation  and  in  every  way  put  the  patient 
in  as  good  condition  as  possible  prior  to  subjecting  her  to  the  operation. 

Instruments. — The  operator  should  be  provided  with  a  scalpel, 
two  pairs  of  scissors,  two  pairs  of  tissue  forceps,  a  dozen  good-sized 
hemostats,  a  couple  of  pedicle  clamps,  ligature  carrier,  needle-holder, 
and  needles.  It  was  formerly  the  rule  to  also  have  an  ovariotomy 
trocar.  In  operating  in  a  private  house  this  instrument  may  save 
the  room  from  being  soiled  by  the  discharge  of  the  contents  of  the 
cyst,  but  even  then  the  procedure  may  be  managed  by  making  a 
puncture  into  the  cyst,  and  the  introduction  of  an  ordinary  glass 
nozzle  with  a  rubber  tube  attached  to  carry  the  fluid  into  the  recep- 
tacle or  vessel.  This  will  serve  in  the  case  of  unilocular  cysts.  In 
the  multilocular  cyst  the  trocar  is  of  but  little  value. 

Operation. — The  operation  consists  in  first  making  an  incision, 
about  three  inches  in  length,  in  the  median  line,  about  midway 
between  the  symphysis  and  umbilicus.  Through  this  incision  the 
surface  of  the  cyst  is  explored.  The  hand  may  be  introduced  through 
the  opening,  and  the  presence  or  absence  of  adhesions  determined. 
Gauze  is  packed  around  the  opening,  wrhile  an  assistant  makes  pressure 
upon  either  side  of  the  abdomen,  pushing  the  cyst  forward  and 
downward  against  the  abdominal  incision.  In  a  unilocular  or  glandu- 
lar cyst  a  puncture  is  made  through  the  center  of  the  abdominal 
incision,  and  a  pair  of  forceps  applied  on  either  side  of  the  incision, 
by  which  it  is  drawn  well  out  of  the  wound,  where  it  is  held  by  the 
pressure  from  the  assistant.  The  contents  are  thus  evacuated  without 
entering  and  soiling  the  abdominal  cavity.  In  a  unilocular  cyst  the 
entire  cyst  may  thus  be  readily  drawn  through  the  opening,  its 
pedicle  clamped,  and  the  cyst  removed.  In  a  multilocular,  one  of 
the  largest  cysts  is  punctured  and  its  contents  evacuated.  As  the 
sac  is  emptied  it  is  drawn  out  of  the  wound,  and  through  this  sac 
other  cysts  may  be  punctured  and  emptied  until  the  tumor  is  suffi- 
ciently reduced  in  size  to  permit  of  its  being  drawn  through  the  incision. 

In  some  of  these  cases  the  amount  of  tissue  is  so  great  as  to  require 
the  extension  of  the  incision  upward  and  downward.  As  the  tumor 
is  withdrawn  care  is  taken  to  prevent  traction  upon  any  adhesions 
which  exist,  and  to  insure  their  separation.     The  adhesions  may  be 
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separated,  where  recent,  by  simply  sponging  back  the  adherent 
structures  while  the  tumor  is  drawn  upon.  Where  the  adhesions  are 
firm  and  older,  it  may  be  necessaiy  to  separate  them  with  the  finger, 
tearing  the  intestines  and  omentum  off  from  the  surface  of  the  tumor. 
When  the  adhesions  are  too  rigid  to  permit  of  this,  they  may  be 
separated  with  the  scissors,  exercising  care  to  keep  close  to  the  uterine 
sac  and  injure  it,  rather  than  the  adherent  coils  of  intestine.  Some- 
times the  adhesion  of  the  intestine  is  so  close  to  the  cyst  that  it  is 
impossible  to  remove  the  latter  without  injuring  the  intestine.  In 
these  cases  we  may  cut  through  the  cyst-wall,  leaving  a  portion  of  the 
cyst  like  a  patch  upon  the  intestine,  and  the  intestinal  coils  are  sepa- 
rated, leaving  the  adherent  portions  as  small  as  possible.  In  sepa- 
rating adhesions,  not  infrequently  it  is  found  that  the  omentum 
adherent  to  the  surface  of  the  tumor  has  exceedingly  large  vessels, 
which  it  is  important  should  be  cut  between  clamps  or  ligatures  before 
the  tumor  is  withdrawn.  As  the  tumor  comes  out  upon  the  abdomen 
separated  from  all  its  adhesions,  it  hangs  by  a  pedicle  which  we  have 
already  described.  This  pedicle  can  be  clamped  by  means  of  a  good- 
sized  hemostat  or  a  pedicle  forceps.  The  tumor  is  cut  away,  the 
large  vessels  ligated,  or  the  stump  may  be  ligated  en  masse.  The 
peritoneal  cavity  is  carefully  inspected,  the  surface  in  which  adhesions 
have  existed  is  investigated  to  see  that  undue  hemorrhage  does  not 
take  place,  the  cavity  is  sponged  out,  all  bleeding  vessels  tied,  gauze 
pads  with  which  the  intestines  have  been  walled  off  are  removed,  the 
presence  of  all  pads  that  have  been  used  is  determined  by  the  count 
of  the  nurse  and  by  careful  investigation,  to  see  that  none  is 
retained  within  the  abdominal  cavity.  After  the  pedicle  is  thus 
ligated,  it  is  desirable  that  all  raw  surfaces  should  be  covered  with 
peritoneum  to  prevent  unfortunate  adhesions  to  the  coils  of  intestine. 
The  abdominal  cavity  is  thoroughly  inspected,  and  the  condition  of 
the  other  ovary  investigated.  If  this  is  not  done,  an  ovarian  cyst  of 
considerable  size  will  occasionally  be  overlooked,  necessitating  the 
subjection  of  the  patient  to  a  repetition  of  the  operation.  Where 
there  has  been  an  escape  of  fluid  from  a  cyst  into  the  abdominal  cavity, 
it  is  well  to  irrigate  with  normal  salt  solution.  This  may  wash  out 
clots  and  portions  of  viscid  material,  and  thus  readily  cleanse  the 
cavity.  It  is  not  necessary  to  sponge  out  all  the  saline  fluid,  as  the 
retention  of  a  portion  of  it  renders  the  patient  more  comfortable 
during  convalescence.  The  next  step  is  to  close  the  wound.  This 
I  prefer  to  do  with  chromic  catgut  and  interrupted  silkworm-gut,  as 
follows:  First,  begin  on  the  outside  of  the  aponeurosis,  on  the  right 
side  of  the  upper  angle  of  the  wound,  carry  the  needle  through  the 
aponeurosis,  muscular  structure  and  peritoneum,  introducing  the 
suture  in  the  peritoneum  alone  upon  the  left  side  of  the  wound,  and 
thereafter  taking  up  only  the  peritoneum  with  each  continuous  suture, 
until  the  lower  angle  of  the  wound  has  been  reached,  when  the  suture 
is  brought  out  through  the  muscular  structure  and  aponeurosis  of 
the  left  side;  this  suture  being  drawn  tightly,  so  as  to  close  the  peri- 
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toneum,  is  for  the  present  laid  aside.  The  silkworm-gut  sutures  are 
then  introduced,  carrying  them  through  the  skin,  superficial  and  deep 
fascia,  and  muscular  structure,  leaving  the  peritoneum  the  only  tissue 
not  included.  After  these  have  been  inserted  and  their  ends  secured 
by  hemostats,  the  original  chromic  catgut  suture  is  taken  up  and 
continued  back  through  the  aponeurosis  by  successive  turns  until  the 
upper  angle  of  the  wound  is  reached,  where  the  two  ends  of  the  suture 
are  tied.  The  silkworm-gut  sutures  are  then  tied,  and  the  edges  of  the 
skin  between  each  suture  are  united  by  interrupted  fine  chromic 
catgut  sutures.  The  wound  is  washed  with  alcohol,  dried,  and  a 
piece  of  sterile  gauze  placed  around  the  sutures,  the  ends  of  which 
are  left  long.  These  sutures  are  laid  upon  the  piece  of  gauze  men- 
tioned, and  are  covered  with  other  gauze  pads.  Finally,  a  piece  of 
gauze  and  cotton  pad  are  placed  and  secured  by  tapes  attached  at 
one  end  to  the  abdominal  wall  by  a  piece  of  adhesive  plaster,  and, 
over  all,  a  T-bandage. 

Injury  of  the  Bladder. — During  this  operation  the  bladder  may  be 
opened,  as  it  is  frequently  adherent  and  lifted  up  by  the  ovarian  cyst. 
When  this  occurs,  it  should  be  sutured  at  once,  the  sutures  being 
introduced  to,  but  not  through,  the  vesical  mucous  membrane.  A 
second  row  of  sutures  should  be  inserted  to  bring  the  tissues  over  this 
line,  both  sutures  being  of  chromic  catgut. 

Injury  of  the  Intestine. — A  knuckle  of  intestine  may  be  torn  in  the 
effort  to  separate  it  from  the  cyst.  The  injured  intestine  should  be 
at  once  closed  with  a  suture.  Sometimes  the  intestine  will  be  so 
injured  that  it  will  be  necessary  to  resect  a  portion  of  it,  when  an 
end-to-end  anastomosis  may  be  made  by  means  of  the  Collins  suture, 
and  this  supplemented  by  a  peritoneal  suture  over  it. 

In  intraligamentary  ovarian  cysts  the  broad  ligament  is  frequently 
spread  out,  and  the  pressure  of  the  cyst  causes  the  uterus  to  become 
very  firmly  adherent  to  it,  and  oftentimes  spread  out  over  it.  In 
such  a  condition  it  will  be  necessary  to  remove  the  uterus  as  well  as 
the  cyst.  It  should  not  be  forgotten  that  the  ureter  may  be  closely 
associated  with  the  cyst,  and  be  endangered  in  its  enucleation.  Fre- 
quently the  ligation  of  the  broad  ligament  on  the  opposite  side  of  the 
uterus,  cutting  across  the  cervix,  and  enucleation  of  the  cyst  from 
below,  will  enable  it  to  be  pulled  away  from  the  ureter  without  its 
injury. 

Drainage. — Formerly  it  was  the  custom  to  drain  the  peritoneum 
whenever  extensive  adhesions  existed  or  the  abdominal  cavity  was 
soiled  by  the  escape  of  the  cyst  contents,  especially  where  they  were 
thick  and  viscid  or  had  undergone  some  marked  change.  In  later 
years  drainage  has  been  much  less  frequently  practised,  it  being  a 
well-recognized  fact  that  the  peritoneal  cavity  is  capable  of  taking 
care  of  a  moderate  amount  of  foreign  material.  Very  rarely,  indeed, 
a  glass  drainage-tube  is  inserted  at  the  lower  angle  of  the  wound; 
this  was  almost  a  matter  of  routine  with  many  men  a  few  years  since. 
In  cases  in  which  there  has  been  extensive  adhesions  or  there  is 
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oozing,  it  is  considered  better  practice  to  pack  the  cavity  with  iodo- 
form gauze.  This  serves  a  double  purpose,  controlling  somewhat  the 
tendency  to  bleed,  promoting  a  more  rapid  closure  of  the  cavity,  and 
protecting  the  intestines  from  coming  in  contact  with  raw  surfaces, 
which  would  necessarily  lead  to  the  formation  of  extensive  adhesions 
and  probably  result  in  ileus.  One  end  of  this  drain  or  packing  is 
inserted  through  the  opening  into  the  posterior  fornix  of  the  vagina, 
so  that  it  permits  the  wound  to  be  entirely  closed  and  the  packing 
to  be  removed  through  the  vagina. 

After-treatment. — The  after-treatment  of  operations  for  the  re- 
moval of  ovarian  cysts  necessarily  depends  upon  the  character  of  the 
operation.  In  ordinary  cases  nothing  more  is  required  than  to  place 
the  patient  in  bed  and  permit  her  to  roll  from  side  to  side  as  her 
comfort  may  dictate.  Liquids  should  be  denied  the  patient  for  a 
little  time,  until  it  is  made  sure  that  she  will  not  be  nauseated  from 
the  anesthetic.  Where  the  patient  is  shocked  and  depressed,  she 
should  be  surrounded  by  hot-water  bottles  or  bags,  and  these  isolated 
from  contact  with  the  body  of  the  patient  by  an  intervening  blanket, 
and  the  bottles  should  be  strong  and  be  thoroughly  closed,  so  that 
no  possibility  of  bursting  or  leaking  exists.  The  nurse  from  time  to 
time  should  investigate  to  see  that  these  are  not  displaced  by  the 
movements  of  the  patient  so  that  they  come  in  contact  with  the  skin. 
When  the  patient  is  much  shocked  or  depressed,  she  may  be  given  a 
hypodermoclysis  of  salt  solution  under  each  breast.  Where  she  has 
lost  much  blood  and  the  pulse  is  feeble,  it  is  preferable  to  give  an 
intravenous  injection  of  normal  salt  solution,  to  which  one  dram  of 
a  1: 1000  solution  of  adrenal  chlorid  has  been  added.  Three  or  four 
ounces  of  salt  solution  may  be  injected  into  the  bowel  every  three  or 
four  hours,  thus  maintaining  the  equilibrium  of  the  blood-pressure. 
Not  infrequently  the  anesthetic  will  be  followed  by  nausea  and 
vomiting.  A  good  draught  of  warm  water  or  bicarbonate  of  soda 
and  warm  water,  or  aromatic  spirits  of  ammonia  followed  by  hot 
water,  will  frequently  neutralize  the  irritation  and  arrest  the  nausea. 
If  it  does  not,  the  presence  of  material  within  the  stomach  makes  the 
vomiting  more  easy,  and  helps  to  wash  out  the  irritating  material. 

This  can  sometimes  best  be  accomplished  by  a  Seidlitz  powder, 
dissolving  the  bicarbonate  of  soda  or  the  powder  in  blue  paper  in  a 
half-glass  of  water,  then  dropping  the  tartaric  acid  or  powder  in  white 
paper  dry  upon  this,  and  letting  the  patient  drink  it  down  immedi- 
ately, and  directing  her  to  retain  it  as  long  as  possible.  The  effer- 
vescence continues  in  the  stomach,  distends  it,  and  a  portion  of  the 
material  passes  through  the  pylorus.  If  she  does  vomit,  it  washes  out 
the  stomach  and  leaves  her  more  comfortable  subsequently.  Where 
the  patient  has  a  certain  amount  of  tympanites,  with  constant  retching 
and  vomiting  of  bitter,  foul-smelling  material,  it  usually  indicates 
a  beginning  peritonitis,  and  the  best  thing  is  the  introduction  of  the 
stomach-tube  to  wash  out  the  stomach.  If  she  still  continues  to  vomit, 
the  irrigation  should  be  repeated  and  the  patient  placed  under  the 
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influence  of  moderate  closes  of  morphin  hypodermically.  Absolute 
rest  of  the  stomach  while  nutrition  is  kept  up  by  rectal  enemas  and 
hypodermoclysis  will  oftentimes  carry  patients  through  who  would 
die  were  we  to  practise  the  old  method  of  attempted  purgation. 
Where  tympanites  occurs  without  much  elevation  of  temperature 
and  effects  the  lower  intestinal  tract,  it  is  best  relieved  by  enemas. 
Those  most  efficient  for  this  purpose,  as  increasing  the  peristalsis,  are 
tincture  of  asafetida,  2  ounces  in  2  gallons  of  soapsuds,  or  powdered 
alum,  1  dram  to  2  gallons  of  warm  water.  Where  the  first  injection 
is  retained,  a  second  should  be  given  in  order  to  bring  about  the 
evacuation  of  the  bowels.  Where  extensive  adhesions  have  existed, 
it  is  well  that  purgation  should  begin  early.  Calomel,  J  grain  every 
ten  or  fifteen  minutes  until  one  or  two  grains  are  given,  which  should 
be  followed  with  a  saline,  e.  g.,  magnesium  sulphate,  1  ounce,  diluted 
sulphuric  acid,  1  dram,  syrup  of  ginger,  6  drams,  cinnamon  water, 
sufficient  to  make  4  ounces,  of  which  a  tablespoonful  should  be  given 
every  hour. 

WThen  the  patient's  convalescence  is  normal  and  unattended  by 
disturbance  of  the  alimentary  tract,  she  may  be  given  light  food  at 
the  end  of  twenty-four  hours,  and  at  the  end  of  forty-eight  hours  a 
fairly  generous  diet.  She  should  be  kept  in  the  horizontal  position 
for  two  weeks  or  longer  if  she  has  had  disturbed  convalescence  or 
conditions  which  would  render  union  incomplete.  The  sutures  may 
be  removed  at  the  end  of  eight  to  ten  days.  The  patient  should  first 
be  propped  up  in  bed  and  afterward  lifted  out  into  a  chair.  When 
her  convalescence  has  been  complicated,  or  she  has  been  very  weak 
and  debilitated,  the  getting  up  should  be  gradually  instituted,  as  she 
may  very  readily  have  heart-clot,  which  would  lead  to  a  fatal  result. 
Occasionally,  where  extensive  adhesions  have  existed,  a  knuckle  of 
intestine  may  become  obstructed  during  convalescence,  producing 
ileus.  This  will  be  indicated  by  prolonged  and  finally  fecal  vomiting. 
The  latter  occurrence  is  an  indication  for  reopening  of  the  wound  in 
order  to  set  the  intestine  free.  Ordinarily  the  patient  may  be  per- 
mitted to  sit  up  at  the  end  of  two  weeks.  If,  for  any  reason,  the  union 
of  the  wound  is  likely  to  be  feeble,  the  abdominal  wall  should  be 
supported  by  adhesive  straps.  The  after-effect  of  the  operation  on 
the  patient  will  depend,  of  course,  upon  its  character.  Where  both 
ovaries  have  been  removed,  the  menses  cease  and  the  violence  of  the 
inforced  climacteric  will  depend  somewhat  upon  the  patient's  age. 
In  some  cases  the  symptoms  are  very  slight.  '  In  others  they  may  be 
very  marked,  producing  neurotic  changes  that  may  require  years 
before  the  patient  fully  recovers  from  their  effects. 

ECTOPIC  GESTATION. 

Ectopic  gestation  is  a  pregnancy  in  which  the  fecundated  ovum 
develops  outside  of  the  uterine  cavity.  It  is  divided  into  tubal, 
ovarian,  and  abdominal  pregnancy.  Tubal  pregnancy  develops  in 
some  portion  of  the  Fallopian  tube;  ovarian  in  the  ovary,  but  is 
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extremely  rare.  Abdominal  pregnancy  is  secondary  to  rupture  or 
tubal  abortion.  It  is  a  question  whether  the  pavement  endothelium 
of  the  peritoneum  is  ever  capable  of  affording  nutrition  to  the  fecun- 
dated ovum,  but,  after  it  has  once  had  a  start  in  the  tube  and  been 
discharged  therefrom,  the  impetus  received  may  enable  it  to  become 
ingrafted  upon  the  abdominal  surface  and  derive  its  nutrition  from 
it.  Tubal  pregnancy  is  most  frequently  found  in  the  central  portion 
of  the  tube;  occasionally  in  the  external  end,  when  the  tube,  and  not 
infrequently  the  ovary,  forms  part  of  the  sac-wall  and  is  known  as 
a  tubo-ovarian  pregnancy.  It  is  still  more  rare  in  the  uterine  end 
of  the  tube,  when  it  is  designated  as  an  interstitial  or  cornual  preg- 
nancy. It  is  now  generally  recognized  that  the  union  of  the  fecun- 
dated ovum  and  spermatozoon  takes  place  either  at  the  abdominal 
end  of  the  tube  or  before  the  ovum  has  escaped  from  the  Graafian 
follicle.  The  ovum  thus  fecundated  is  attracted  to  the  tube  by  the 
wave-like  motion  of  the  cilia,  causing  a  current  of  fluid  down  the  tube, 
which  draws  the  ovum  into  it.  This  is  possibly  accelerated  by  the 
fact  that  the  end  of  the  tube  is  connected  with  the  ovary  by  a  long 
fimbria  which  has  a  groove  in  its  surface.  This,  however,  would  not 
account  for  the  fact  that  normal  pregnancy  sometimes  occurs  in  a 
patient  who  has  lost  the  ovary  on  the  one  side  and  the  tube  upon  the 
other,  so  that  there  must  necessarily  have  been  a  trarismigration  of 
the  ovum  from  the  one  side  of  the  pelvis  to  the  other  in  order  to 
reach  the  uterine  cavity.  Any  condition,  then,  which  renders  the 
course  of  the  ovum  into  the  uterus  difficult  or  delays  it  increases  the 
possibility  of  its  being  arrested  and  its  development  in  the  canal. 
Inflammatory  changes  in  the  Fallopian  tube,  which  lead  to  a  loss  of 
the  cilia  of  the  epithelium,  are  generally  accepted  as  one  cause.  Prob- 
ably extensive  inflammation  of  the  muscular  structure  of  the  tube, 
decreasing  the  peristaltic  action,  is  a  more  effective  one.  Inflamma- 
tory changes  in  the  tube  may  lead  to  narrowing  of  the  canal,  so  that 
its  caliber  is  not  sufficient  to  admit  the  further  progress  of  the  enlarging 
ovum  or  the  formation  of  infundibula  by  agglutination  of  the  edges 
of  the  longitudinal  folds.  These  infundibula  are  sometimes  con- 
genital. Whatever  the  cause,  the  fecundated  ovum  covered  with 
the  ectodermal  cells  or  trophoblasts  becomes  fixed  in  the  tube.  It  is 
unable  to  eat  its  way  into  the  surface  of  the  tube,  as  it  does  into  the 
structure  of  the  uterine  mucous  membrane,  and  consequently  there 
is  an  absence  of  decidua.  As  the  ovum  develops  the  wall  of  the  tube 
becomes  gradually  thinned;  its  villi  may  penetrate  the  surface,  making 
minute  perforations  upon  the  peritoneal  surface,  which  may  be  the 
source  of  quite  free  and  continuous  bleeding.  The  caliber  of  the  tube 
is  insufficient  to  permit  the  ovum  to  develop  to  any  marked  degree, 
and  it  results  consequently  sooner  or  later  in  the  rupture  of  the  wall, 
perforation  of  the  villi,  or  the  escape  of  the  ovum  through  the  abdomi- 
nal or  uterine  ends  (Fig.  184).  The  escape  from  the  end  of  the  tube 
is  known  as  tubal  abortion  and  occurs  in  those  cases  in  which  the 
ovum  develops  near  the  end  of  the  tube.     As  the  ovum  increases  in 
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size,  it  is  pushed  out  and  may  be  entirely  or  only  partially  separated 
from  the  tube.  When  it  is  entirely  separated,  it  becomes  a  tubal 
abortion;  when  only  partjy,  it  may  become  surrounded  by  the  ovary 
or  the  parietal  peritoneum,  and  a  sac  thus  become  formed,  which  will 
permit  the  further  development  of  the  embryo.  Rupture  of  the  tube 
may  occur  at  any  time  between  the  third  and  the  twelfth  week  after 
conception.     The  rupture  may  be  incomplete  or  complete,  intraperi- 


Fio.  184. — Tubal  Abortion.     (Montgomery.) 

toneal  or  extraperitoneal.  The  incomplete  rupture  is  a  simple  crack 
or  break  in  the  wall  which  is  at  once  covered  over  by  plastic  exudation 
which  glues  up  the  opening.  This  may  continue  to  develop  until 
another  rupture  occurs,  and  in  this  way  the  sac  may  attain  to  con- 
siderable size.  Complete  rupture  is  where  the  break  in  the  wall  of 
the  tube  is  sufficient  to  permit  the  escape  of  its  contents  into  the 
abdominal   cavity    (Fig.  185).     The   placenta   may   remain   adherent, 


Fig.  185. — Tubal  Gestation.     Rupture.     (Montgomery.) 

and  the  sac-wall  be  formed  by  the  parietes,  the  intestines,  and  the 
side  of  the  uterus,  and  thus  a  newT  enveloping  sac  be  found  in  which 
the  fetus  may  reach  full  term.  Intraperitoneal  rupture  is  usually 
associated  with  more  or  less  bleeding.  The  amount  of  this  will 
depend,  of  course,  upon  the  size  of  the  vessels  that  may  have  been 
injured.  Thus,  where  the  rupture  takes  place  over  the  attachment 
of  the  placenta,  the  hemorrhage  may  be  very  profuse.  In  those  cases 
in  which  the  villi  grow  through  the  wall  of  the  tube,  forming  minute 
vol.  v — 37 


578  SURGERY    OP   THE    FEMALE    GENITOURINARY    ORGANS. 

perforations,  the  hemorrhage  may  be  continuous,  and  so  severe  as  to 
cause  the  patient  to  be  profoundly  shocked.  Extraperitoneal  rupture 
is  rupture  through  the  portion  uncovered  by  peritoneum.  The 
contents  escape  into  the  broad  ligament,  which  is  spread  out  by  the 
hemorrhage  until  the  sac  is  so  distended  that  the  pressure  antagonizes 
that  of  the  vessels,  and  the  hemorrhage  is  then  arrested;  or  the  broad 
ligament  may  become  so  tense  that  it  ruptures  and  causes  what  is 
known  as  a  secondary  rupture,  in  contrast  to  the  original  rupture  of 
the  tube,  which  is  known  as  primary.  A  cornual  or  interstitial  preg- 
nancy may  rupture  either  externally,  or  the  uterine  end  of  the  tube 
becomes  distended,  permitting  the  exit  of  the  sac  into  the  uterus, 
where  it  may  continue  to  develop  as  a  uterine  pregnancy,  or  be  thrown 
off  as  a  uterine  abortion.  This  fortunate  termination,  however,  is 
exceedingly  rare.  The  most  frequent  occurrence  is  its  rupture  into 
the  peritoneal  cavity,  which  is  one  of  the  most  grave  accidents  of 
ectopic  gestation,  in  that  the  parts  through  which  the  rupture  occurs 
are  generally  quite  vascular,  hemorrhage  is  very  severe  and  rapid, 
and  the  termination  is  generally  a  fatal  one. 

Symptoms. — Ectopic  gestation  in  its  inception  differs  very  little 
from  that  of  ordinary  pregnancy.  The  woman  has  a  cessation  of 
menstruation,  and  the  ordinary  symptoms  indicating  pregnancy. 
As  the  sac  becomes  further  developed,  however,  it  causes  colicky 
pains  and  a  sensation  of  more  or  less  discomfort  upon  one  side  of  the 
pelvis,  an  occurrence  which  should  lead  the  physician  to  investigate 
his  patient  carefully  to  determine  the  possibility  of  an  ectopic  gesta- 
tion. This  examination  should  be  made  with  the  greatest  care,  as 
a  thin-walled  sac  may  thus  be  ruptured,  and  has,  to  my  knowledge, 
led  to  the  death  of  the  patient  before  the  physician  could  get  ready 
for  the  proper  treatment.  Where  the  gravity  of  these  symptoms  are 
not  appreciated,  the  patient  has  a  violent  seizure — so  violent  in  some 
cases  that  she  may  drop  as  if  shot.  She  is  faint,  and  recovers  from 
one  attack,  to  pass  into  another.  The  pulse  is  rapid,  feeble,  some- 
times absent  at  the  wrist;  the  face  is  blanched,  the  lips  are  pale,  and 
she  is  covered  with  a  cold,  clammy  perspiration.  In  other  words, 
she  has  all  the  symptoms  of  profound  shock  from  internal  hemor- 
rhage. Not  every  case  manifests  such  marked  symptoms.  In  some 
cases  it  may  be  a  tearing,  grinding,  or  cutting  pain,  associated  with 
dizziness  and  faintness,  with  the  feeling  that  she  must  lie  down,  and 
is  followed  by  more  or  less  tenderness  in  the  abdomen.  This  condition 
some  weeks  later  is  associated  with  elevation  of  temperature,  irregular 
course  of  the  temperature,  possibly  chills,  and  indications  of  some 
septic  process,  in  which  the  patient  is  likely  to  have  a  bloody  dis- 
charge from  the  uterus.  Casts,  shreds,  and  clots  are  frequently 
found  in  the  discharge.  The  patient  thinks  that  she  is  undergoing 
an  abortion.  In  some  cases  the  symptoms  thus  outlined  are  followed 
by  increase  in  the  size  of  the  abdomen,  an  enlargement  which  goes 
on  until  the  abdomen  attains  almost  the  size  of  an  ordinary  pregnancy. 
She  may  go  into  labor  or  have  violent  commotion  in  the  abdominal 
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cavity,  and,  finally,  cessation  of  such  symptoms  and  the  subsequent 
return  of  her  menstruation,  with,  however,  a  more  or  less  continually 
well-defined  enlargement  of  the  abdomen.  This  enlargement  may 
be  localized  in  one  side  or  be  situated  in  the  median  line.  The  enlarge- 
ment may  continue  for  months  or  years.  The  fetal  sac  and  its 
contents  are  walled  off,  and  become  incrusted  with  calcareous  material, 
and  form  a  tumor  which  the  patient  may  carry  for  an  indefinite  period, 
or  it  may  undergo  infection  from  its  proximity  to  the  intestine; 
suppuration  may  result,  which  may  open  into  the  bladder,  intestine, 
or  through  the  abdominal  parietes,  through  which  large  quantities 
of  fetal  bones  are  discharged,  or  the  changes  in  the  sac  may  produce 
a  severe  attack  of  peritonitis. 

Physical  Signs. — The  symptoms  determined  by  physical  examina- 
tion vary  according  to  the  stage  of  the  pregnancy,  and  may  be  simply 
a  small  sac,  which  can  be  felt  upon  one  side,  in  which  pulsation  is 
greatly  increased,  usually  prior  to  its  rupture;  or  the  pelvis  may  be 
filled  with  a  collection  of  walled-off  material  which  may  consist  of 
blood,  or  have  a  developing  fetal  sac  which  is  recognized  as  being 
outside  the  uterus,  possibly  implanted  upon  one  side,  and  has  a  much 
thinner  envelop  than  is  to  be  found  in  an  ordinary  normal  pregnancy. 

Diagnosis. — The  diagnosis  of  ectopic  gestation  may  be  made — 
(1)  Prior  to  rupture;  (2)  at  the  time  of  rupture;  (3)  after  rupture; 
(4)  during  secondary  development  of  the  fetus;  (5)  after. peritonitis; 
or  (6)  after  suppuration  has  set  in.  Not  many  years  ago  the  possi- 
bility of  the  diagnosis  of  ectopic  gestation  prior  to  rupture  was  con- 
sidered impossible,  but  the  increased  opportunities  for  study  of  this 
subject  through  repeated  operative  work  have  frequently  led  to  its 
recognition  at  this  period.  If  a  woman  who  has  been  suffering  from 
inflammation  of  the  pelvis,  who  possibly  has  given  birth  to  one  child 
and  been  sterile  for  several  years  subsequently,  and  who  passes  over 
a  period  without  the  occurrence  of  menstruation,  has  the  ordinary 
symptoms  of  pregnancy  and  develops  more  or  less  discomfort  in  one 
side  of  the  pelvis,  with,  may  be,  simply  a  burning  sensation,  a  feeling 
of  colic  or  pressure  which  at  times  amounts  to  quite  severe  pain,  the 
occurrence  of  such  a  condition  should  lead  to  a  careful  investigation, 
when  it  will  be  foun$  that  there  is  an  enlargement  of  some  portion  of 
the  tube.  The  tube  is  tender  to  pressure,  the  vessels  in  the  broad 
ligament  beneath  it  pulsate  with  increased  force — with  much  greater 
force  than  those  upon  the  opposite  side.  8uch  symptoms  should 
lead  to  the  recognition  of  an  ectopic  gestation.  When  the  surgeon  is 
still  in  doubt,  he  may  confirm  the  suspicion  by  making  an  incision 
through  the  posterior  fornix  of  the  vagina,  through  which,  with  the 
finger,  he  will  be  enabled  to  outline  the  course  of  the  tube  and  deter- 
mine the  presence  of  any  enlargement. 

At  the  Time  of  Rupture. — The  presence  of  the  symptoms  mentioned 
and  the  history  of  the  patient's  having  had  a  severe  cutting  pain  in 
the  abdomen,  or  one  of  a  tearing,  agonizing  character,  with  faintness, 
recurring  fainting  spells,  or  of  a  sudden  sensation  of  weakness  and 
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debility,  a  frequent  feeble  pulse,  inability  to  rise  or  assume  the  erect 
position,  and  a  bloody  discharge  from  the  uterus,  should  lead  to  the 
diagnosis  of  an  ectopic  gestation  with  rupture.  If  seen  a  few  hours 
after  this  has  occurred,  there  may  be  found  dulness  in  the  lower  part 
of  the  abdomen,  due  to  accumulation  of  blood  in  this  region  and  the 
floating  up  of  intestine.  Palpation  rarely  enables  the  physician  to 
determine  the  condition.  A  few  days  later,  when  the  watery  portions 
of  the  blood  are  absorbed,  the  clotted  material  which  fills  the  pelvis 
is  walled  off  by  plastic  adhesions,  and  a  well-defined  tumor  is  recog- 
nized. It  may  occupy  Douglas'  pouch,  or  be  situated  in  one  or  the 
other  broad  ligament.  Such  a  patient  would  have  a  subnormal 
temperature  in  the  early  stages,  and,  later,  slight  elevation. 

Secondary  development  of  the  fetus  would  be  productive  of  such 
symptoms  as  we  have  mentioned,  and  be  followed  by  increasing  size 
of  the  abdomen,  with  more  or  less  discomfort  from  pressure,  weight,  and 
the  presence  of  a  mass  which  is  situated  either  to  one  side  or  behind 
the  uterus  and  in  which  the  extremities  and  body  of  the  fetus  may  be 
recognized  and  later  the  fetal  heart-sounds  heard. 

Peritonitis  may  occur  as  a  result  of  the  rupture  of  an  ectopic 
gestation;  the  escape  of  blood  into  the  peritoneal  cavity  irritates  the 
membrane  and  causes  localized  peritonitis  in  the  effort  of  nature  to 
wall  off  and  exclude  this  blood  accumulation. 

Suppuration  may  take  place  in  the  blood  that  has  been  walled  off 
in  the  peritoneal  cavity,  resulting  from  infection  through  a  knuckle 
of  intestine  in  contact  with  it.  It  may  occur  many  months  after  the 
death  of  the  fetus  in  its  sac  and  the  subsequent  discharge  of  pus  and 
portions  of  the  fetus,  especially  its  bony  portions,  through  a  sinus  into 
the  viscera  or  through  the  abdominal  wall. 

Treatment. — Ectopic  gestation  should  be  considered  as  a  highly 
dangerous  condition,  demanding  prompt  measures  when  it  is  recog- 
nized prior  to  rupture.  Here  an  abdominal  section  should  be  imme- 
diately performed  for  the  removal  of  the  sac  and  its  contents,  this 
being  less  perilous  to  the  patient  than  the  continuation  of  the  con- 
dition. Opinions  differ  as  to  the  proper  treatment  of  rupture.  It  is 
a  well-recognized  fact  that  many  cases  in  which  rupture  of  the  sac  has 
occurred  will  recover  without  operation.  The  profound  .shock  and 
the  weakening  of  the  circulation  therefrom  favor  the  formation  of  a 
clot,  which  may  plug  the  vessel  and  arrest  the  hemorrhage,  so  that  a 
patient  in  whom  death  seems  imminent  may  gradually  rally  and 
finally  recover.  This  possibility  has  led  a  number  of  men  to  advocate 
delay  in  these  cases  and  operation  after  the  patient  has  fully  recoyered 
from  the  shock.  The  only  objection  to  this,  however,  is  that  it  has 
been  demonstrated  that  patients  do  die  from  the  hemorrhage.  There 
is  no  way  of  determining  in  the  individual  case  that  the  hemorrhage, 
which  possibly  lias  been  arrested  by  the  enfeebled  circulation,  as 
soon  as  the  vascular  tension  is  recovered,  will  not  drive  out  the  clot 
and  the  hemorrhage  recur;  so  I  believe  it  better,  even  though  the 
patient  may  be  profoundly  shocked,  to  operate  at  once,  employing 
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measures  for  restoring  the  circulation  as  the  operation  proceeds. 
Thus,  such  a  patient  should  have  a  vein  opened  and  an  intravenous 
injection  of  salt  solution  started  with  the  opening  of  the  abdominal 
cavity,  or  direct  transfusion  of  blood  may  be  done.  The  operator 
should  not  spend  too  much  time  in  the  toilet  of  the  peritoneum. 
The  tube  should  be  ligated  on  its  proximal  side,  and  the  sac  be  removed, 
the  mass  or  larger  clots  scooped  out,  the  belly  filled  with  salt  solution, 
and  the  wound  closed. 

After  Rupture. — When  the  patient  has  recovered  from  the  shock 
or  shows  indications  that  the  hemorrhage  will  not  be  severe,  the 
urgency  of  the  operation  is  no  longer  great.  Even  in  these  cases  it 
is  better  to  evacuate  the  collection  of  blood,  simply  for  the  reason 
that  its  absorption  will  require  a  considerable  length  of  time.  It  is 
deposited  in  the  lower  part  of  the  abdomen  in  contact  with  the 
intestines,  or  possibly  infected  tubes,  and  may  be  readily  infected 
through  the  intestinal  wall,  so  that  a  collection  of  blood,  instead  of 
becoming  organized,  the  watery  portion  absorbed,  and  the  clot 
gradually  disintegrating  and  disappearing,  becomes  infected,  and 
suppuration  results.  This  may  keep  the  patient  an  invalid  for  a 
long  period.  The  fluid  may  preferably  be  evacuated  (when  very 
recent  and  there  is  still  danger  of  hemorrhage)  through  an  abdominal 
incision.  The  clot  of  blood  is  cleared  out,  the  cavity  irrigated  with 
normal  salt  solution,  the  sac  removed,  and  the  wound  closed.  When 
considerable  time  has  transpired  between  the  hemorrhage  and  the 
date  the  patient  comes  under  observation,  nature  has  walled  off  the 
blood  collection,  it  is  no  longer  free  in  the  abdominal  cavity,  but  is 
situated  in  the  most  dependent  portion,  and  there  separated  from  the 
general  peritoneum.  In  such  cases  an  incision  through  the  posterior 
vaginal  fornix  will  frequently  enable  the  operator  to  evacuate  the 
collection,  and  by  keeping  this  open  with  a  gauze  drain,  the  patient 
may  escape  the  necessity  of  a  more  serious  operation.  In  cases,  how- 
ever, in  which  the  collection  is  very  large,  it  will  be  found  that  not 
only  is  the  blood  in  the  posterior  culdesac,  but  that  it  also  fills  up  the 
vesico-uterine  space,  and  is  not  readily  evacuated  through  the  pos- 
terior opening.  For  this  reason  it  will  be  advisable,  when  there  is 
reason  to  believe  there  is  a  large  collection,  to  make  an  abdominal 
rather  than  a  vaginal  incision. 

During  Secondary  Growth  of  the  Fetus. — When  the  fetus  continues 
to  grow  after  rupture  of  the  sac,  it  becomes  a  serious  question  as  to 
how  the  case  shall  be  managed.  Shall  we  subject  the  patient  to  peril 
from  the  continuation  of  the  pregnancy,  in  order  to  give  the  fetus  a 
chance  for  its  life?  The  fetus  of  an  ectopic  gestation  is  much  more 
frequently  the  subject  of  defective  development  than  when  it  is  sit- 
uated within  the  uterine  cavity.  The  possibility  of  deformity  and  the 
increased  danger  to  the  patient  render  it  undesirable  that  she  should 
be  subjected  to  such  increased  peril  for  the  slight  possibility  of  the 
preservation  of  a  well-developed  child.  If  the  fetus,  however,  has 
nearly  reached  the  viable  age,  it  may  then  be  well  to  wait  the  brief 
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period  necessary  to  give  the  child  an  opportunity  to  live.  The  danger 
from  a  living  placenta  must  then  be  considered.  The  insertion  of 
the  placenta  may  be  such  as  to  involve  coils  of  intestine  or  large  vessels, 
making  its  removal  attended  with  the  most  frightful  hemorrhage. 
Where  the  placenta  is  situated  in  the  sac,  so  as  to  permit  the  removal 
of  both,  that  should  be  the  operation  of  election,  but,  as  has  been 
mentioned,  this  not  infrequently  is  found  to  be  too  serious  a  procedure. 
Where  the  situation  of  the  placenta  is  such  that  it  cannot  be  removed, 
the  sac  can  be  packed  with  gauze,  united  to  the  abdominal  wound, 
and  thus  its  treatment  conducted  extraperitoneally.  Under  the 
pressure  of  the  gauze  and  the  changed  condition,  the  placenta  may 
lose  its  vitality  and  gradually  be  destroyed.  In  other  cases,  as  much 
of  the  sac  as  possible  may  be  removed,  what  remains  ligated  near  the 
placenta,  the  cord  removed,  and  the  abdominal  wound  closed.  If  the 
case  terminates  favorably,  the  placenta  will  be  gradually  absorbed 
and  disappear.  If  changes  take  place  in  the  placenta  and  sac,  the 
material  may  then  be  evacuated  through  a  vaginal  incision.  In 
peritonitis  the  indication  is  to  make  an  incision  over  the  affected 
structures,  wall  off  the  intestines  and  abdominal  cavity  by  a  thick 
layer  of  gauze,  and,  where  conditions  will  permit,  to  remove  the 
diseased  structures,  followed  either  by  vaginal  or  abdominal  drainage 
with  gauze,  closing  the  remainder  of  the  wound.  Such  a  patient 
may  be  placed  in  Fowler's  position,  with  the  Murphy  treatment  of 
slow  irrigation  of  the  rectum. 

Operation  After  Death  of  the  Fetus. — The  removal  of  the  fetus 
and  the  placenta  some  time  after  death  has  taken  place  is  attended 
with  much  less  danger  for  the  reason  that  the  latter,  being  no  longer 
living,  is  more  readily  separated  and  without  the  fear  of  hemorrhage. 
The  sac  when  it  remains  for  a  length  of  time  may  undergo  calcareous 
alteration,  become  very  greatly  thickened,  and  its  removal  is  often 
attended  with  great  difficulty.  A  mummified  fetus  or  one  which  has 
undergone  maceration  or  fatty  change  may  be  removed.  The  sac 
when  not  readily  removed  may  be  attached  to  the  abdominal  wall 
and  drained  and  its  cavity  thus  finally  obliterated.  In  suppuration 
of  the  sac  and  discharge  of  the  bones  of  the  fetus,  the  proper  plan  of 
procedure  is  to  enlarge  the  opening  and  remove  the  collection  of  pus 
and  the  bony  skeleton.  When  it  is  not  readily  accomplished,  the 
opening  should  be  maintained  until  its  contents  are  completely  evac- 
uated. 

STERILITY  IN  THE  FEMALE. 

Sterility  may  be  defined  as  inability  on  the  part  of  the  woman  to 
conceive,  or  having  conceived,  to  bring  forth  a  living  child.  Sterility 
is  said  to  be  absolute  when  the  woman  is  unable  to  conceive,  relative 
when  conception  has  occurred,  and  she  has  been  unable  to  produce 
it  alive.  Absolute  sterility  may  be  either  congenital  or  acquired: 
congenital,  when  due  to  a  defective  development  which  renders  her 
unable  to  perform  her  functions;  acquired,  when  it  results  from  the 
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presence  of  some  diseased  condition.  It  is  denominated  as  primary 
sterility  when  the  patient  has  never  been  able  to  conceive,  secondary 
when  she  has  once  conceived  and  is  unable  to  repeat  it.  When  a 
woman  conceives  but  is  unable  to  carry  the  pregnancy  to  full  term, 
it  is  known  as  comparative  sterility.  A  healthy  woman  living  in 
wedlock  through  the  greater  part  of  her  child-bearing  period  should 
give  birth  to  ten  children. 

It  becomes  a  question  as  to  when  a  woman  should  be  denominated 
as  sterile.  The  average  time  after  marriage  before  the  birth  of  the 
first  child  is  about  seventeen  months,  and  but  25  per  cent,  of  married 
women  bear  the  first  child  after  four  years  of  marriage.  When  a 
woman  is  married  for  three  years  and  has  not  become  pregnant,  she 
is  recognized  as  sterile.  In  the  study  of  this  subject  there  are  several 
factors  which  must  be  regarded  as  essential  to  conception.  These 
are,  first,  the  production  of  healthy  spermatozoa;  second,  the  produc- 
tion of  healthy  ova;  third,  the  union  of  the  spermatozoa  with  the 
ovum,  thus  stimulating  segmentation;  fourth,  the  implantation  of 
the  fertilized  ovum  in  the  uterine  mucous  membrane. 

The  first  of  these  conditions  is  dependent  upon  the  healthy  state 
of  the  male.  The  large  number  of  cases  in  which,  from  the  previous 
existence  of  gonorrhea  or  metastasis  of  mumps,  or  developmental 
conditions  which  render  the  male  unable  to  furnish  the  fecundating 
material,  make  it  important  that  the  condition  of  the  husband  should 
be  carefully  investigated  before  the  wife  is  condemned  as  sterile  and 
subjected  to  any  operative  measure  for  its  correction.  Unfortunately, 
many  of  the  cases  of  acquired  absolute  sterility  of  the  wife  are  the 
result  of  previous  attacks  of  gonorrhea  in  the  husband.  Every 
gynecologist  of  long  experience  has  but  to  consult  his  record  of  patients 
to  be  impressed  with  the  number  of  suffering  women  who  date  their 
ill  health  to  marriage,  having  previously  never  known  a  sick  day, 
and  what  a  large  proportion  of  these  have  been  unfruitful!  The 
second  essential  factor,  the  production  of  healthy  ova,  is  an  impossi- 
bility where  the  ovaries  are  absent  and  in  some  cases  of  defective 
ovaries.  Not  infrequently;  the  ovaries  are  the  seat  of  chronic  inflamma- 
tion, either  from  long-continued  hyperemia  or  through  infection,  which 
results  in  peri-oophoritis,  binding  down  and  fixing  the  ovaries.  The 
thickened  tunic  of  the  ovary  does  not  give  way  before  the  developing 
Graafian  follicle,  and,  as  a  consequence,  the  latter  does  not  rupture,  and 
conception  is  rendered  impossible.  Third,  the  production  of  healthy 
spermatozoa  and  healthy  ova  is  ineffectual  unless  the  two  can  be 
properly  associated,  as  their  favorable  union  is  necessary  for  the 
production  of  the  initial  process,  known  as  segmentation.  Investiga- 
tions have  disclosed  that  the  cells  of  the  human  body  are  provided 
with  a  certain  definite  number  of  what  are  called  chromosomes,  and 
the  ovum  and  spermatozoon  each  contain  one-half  of  this  number. 
Their  union  consequently  completes  the  cell  and  promotes  its  develop- 
ment and  growth.  But  in  order  to  permit  of  their  union,  properly 
fitted  to  maintain  their  proper  functions,  it  is  important  that  the 


684  BURGERY   OF   THE    FEMALE    GENITO-URINARY    ORGANS. 

structures  through  which  they  pass  should  be  in  a  healthy  condition. 
An  absent  uterus  or  absent  tubes,  an  obstructed  vagina,  or  of  any 
portion  of  the  genital  tract  acquired  through  inflammatory  changes, 
can  prevent  this  union,  and  consequently  prove  a  barrier  to  concep- 
tion. Both  gonorrhea  and  puerperal  sepsis  lead  to  the  destruction  of 
the  channels  of  communication,  and  consequently  obstruct  the 
process.  It  has  been  seen  that  a  result  of  disordered  conditions  of 
the  passageways  leads  to  arrest  of  the  fecundated  ovum  in  its  trans- 
mission to  its  proper  resting  place  within  the  uterine  cavity,  and  to  a 
development  en  route  which  becomes  extremely  perilous  to  both 
producer  and  the  product.  It  is  a  well-established  fact  that  the 
spermatozoon  makes  its  way  through  the  female  genital  tract  by  its 
own  propulsive  power,  and  must  have  favorable  conditions  for  this 
progress.  It  is  true  that  it  can  pass  through  narrow  channels  which 
cannot  be  subsequently  traversed  by  the  fecundated  ovum,  though 
a  normal  condition  of  the  secretions  of  the  canal  is  probably  as  essential 
as  a  patulous  canal.  A  plug  of  viscid  mucus  from  cervical  catarrh 
filling  the  external  os  may  prove  an  invincible  barrier  to  the  most 
vigorous  spermatozoon.  These  organisms  thrive  best  and  are  most 
vigorous  in  an  alkaline  secretion,  consequently  an  increase  in  the 
acidity  of  the  vaginal  secretion  may  inhibit  further  activity  or  render 
them  so  feeble  as  to  make  them  ineffective  factors  for  vigorous  pro- 
duction. It  is  quite  probable  that  this  condition  is  an  explanation 
for  sterility  in  those  addicted  to  high  living  and  the  use  of  alcohol. 

Finally,  the  ovum  having  become  fecundated,  must  be  implanted 
in  the  uterine  mucous  membrane.  As  it  passes  along  the  Fallopian 
tube  it  becomes  roughened  by  the  formation  of  ectodermal  cells  or 
trophoblasts,  producing  vegetations  or  villi  which,  when  it  reaches  the 
uterus,  enables  it  to  sink  or  eat  its  way  into  the  mucous  membrane, 
.and  there  become  embedded.  Any  change  in  this  membrane  as  a 
result  of  chronic  inflammation  renders  it  unfavorable  for  the  successful 
implantation  or  for  the  subsequent  proper  nutrition  of  the  developing 
ovum.  It  may  become  partially  implanted,  and,  subsequently,  as 
it  enlarges,  drag  away  from  the  surface,  receiving  so  little  nutrition  as 
to  be  imperfectly  developed,  and  is  finally  discharged  as  a  foreign 
body.  As  a  result  of  diseased  conditions,  degenerative  processes 
take  place  in  the  enveloping  membrane  or  in  the  placenta,  and  render 
it  unable  to  afford  a  sufficient  amount  of  nutrition  for  the  full  develop- 
ment of  the  fetus,  so  that  in  varying  stages  of  its  progress  it  loses  its 
vitality,  becomes  separated,  and  is  thrown  off. 

Diagnosis. — The  mere  fact  that  a  patient  has  failed  to  give  birth 
to  children  is  not  of  itself  a  sufficient  indication  that  she  cannot 
produce,  as  the  possibility  of  sterility  must  be  judged  by  the  anxiety 
of  the  individual  for  offspring,  and  its  existence  may  be  artificial  rather 
than  absolute,  as  where  means  are  employed  for  the  prevention  of 
conception.  The  cause  of  sterility  in  a  woman  desirous  of  having 
children  must  be  determined  by  careful  investigation.  Physical 
examination  will  disclose  the  condition  of  the  uterus,  the  possible 
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normal  size  of  the  ovaries,  the  presence  of  any  inflammatory  exudate, 
or  conditions  within  the  pelvis  which  would  preclude  the  possibility 
of  conception.  The  record  of  the  patient  will  be  of  advantage,  as 
the  previous  existence  of  inflammatory  conditions,  a  history  of 
protracted  illness  associated  with  profuse  leukorrheal  discharge  which 
came  on  suddenly,  attended  with  more  or  less  burning  of  the  external 
parts  during  urination,  pain  and  tenderness  in  the  pelvis,  would  all 
indicate  the  probability  of  an  infectious  process.  As  has  been  men- 
tioned, the  male  should  be  examined  and  the  character  of  his  secretions 
determined.  Not  infrequently  spermatozoa  active  in  an  alkaline 
secretion  have  their  activity  inhibited  by  the  very  acid  secretion  of 
the  vagina,  which  prevents  their  reaching  the  deeper  structures  in 
an  active  state.  The  position  of  the  uterus,  as  in  retroflexion  or 
in  acute  anteflexion,  will  decrease  the  probability  of  conception.  A 
very  profuse  discharge,  especially  a  plug  of  mucus  situated  in  the 
cervix,  may  be  a  greater  hindrance  than  the  anteflexion.  A  woman 
suffering  from  interstitial  endometritis  from  which  she  has  profuse 
bleeding  lessens  the  probability  of  pregnancy.  Women  who  are 
very  fleshy,  who  put  on  flesh  rapidly,  in  whom  menstruation  is  very 
slight  or  absent,  are  less  prone  to  conception.  In  such  cases  ovulation 
probably  does  not  take  place,  the  ovaries  being  inactive  as  a  result 
of  the  fatty  changes. 

Treatment. — The  treatment  of  sterility  will  depend  upon  its  cause. 
Absence  of  the  ovaries,  defective  small  tubes,  rudimentary  uteri  are 
conditions  which  cannot  be  overcome  by  any  plan  of  treatment. 
Premature  menopause  or  the  accumulation  of  fat  can  sometimes  be 
overcome  by  the  employment  of  increased  exercise  and  the  adminis- 
tration of  potassium  iodid  in  combination  with  thyroid  extract,  in 
order  to  decrease  the  fat  formation.  In  chronic  inflammation  of  the 
ovary,  where  the  ovum  is  unable  to  make  its  escape,  the  condition 
may  sometimes  be  remedied  by  resection  of  a  portion  of  the  ovarian 
structure,  which  brings  about  a  change  in  its  tunic,  in  the  absorption 
of  inflammatory  material,  and  permits  conception  to  occur.  A 
striking  case  comes  to  my  mind  of  a  patient  whom  I  saw  some  years 
ago  in  consultation,  in  which  an  ovary  was  removed  for  a  tumor  said 
to  be  a  sarcoma  by  an  excellent  pathologist.  A  number  of  punctures 
were  made  in  the  remaining  one,  in  a  young  woman  who  had  been 
married  some  years  without  becoming  pregnant.  She  had  not  only 
been  sterile,  but  had  not  menstruated  for  several  years.  Soon  after 
the  operation  she  began  to  menstruate,  and  shortly  after  the  admin- 
istration of  thyroid  extract  become  pregnant,  and  has  since  had 
three  children.  Fixation  of  the  tubes  and  ovaries  by  inflammatory 
exudate  can  sometimes  be  overcome  either  by  abdominal  or  vaginal 
incision,  through  which  adhesions  are  broken  up,  the  ends  of  the 
tubes  set  free,  and  the  channel  of  communication  reopened.  Diseased 
conditions  of  the  uterus  can  frequently  be  overcome  by  curetting  that 
organ,  followed  by  local  applications  which  decrease  the  inflammation, 
improve  the  condition  of  the  mucous  membrane,  and  render  it  more 
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fit  to  perform  its  functions.     Occasionally  a  sea  voyage  or  prolonged 
separation  of  the  parties,  thus  insuring  sexual  rest,  will  prove  effective. 
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CHAPTER  LXXIL 
SURGICAL  TECHNIG 

By  John  H.  Gibbon,  M.  D., 


PHILADELPHIA. 


ANTISEPSIS  AND  ASEPSIS. 

The  wonderful  progress  of  surgery  during  the  past  thirty  years  has 
only  been  possible  through  the  practice  of,  first,  an  antiseptic,  and,  later, 
an  aseptic  technic.  The  introduction  of  the  aseptic  technic  has  been 
the  greatest  factor  in  producing  the  change  which  has  taken  place 
in  surgery  during  this  period.  The  growth  and  perfection  of  aseptic 
technic  have  been  of  gradual  evolution,  and  is  not  yet  complete.  The 
present-day  students  of  medicine  can  have  no  conception  of  what  the 
practice  of  surgery  was  thirty  years  ago.  In  no  similar  period  of  time 
has  so  great  a  change  been  wrought  in  the  principles  and  practice  of  our 
art.  It  is  not  only  comparable  to,  but  surpasses,  the  change  which  was 
brought  about  by  the  introduction  of  anesthetics. 

Antisepsis  was  first  introduced,  and  its  practical  application 
described,  by  Lord  Lister,  then  Mr.  Lister,  whose  first  contribution  on 
the  subject  appeared  in  the  London  "Lancet"  in  1867.  It  is  true  that 
others  preceded  Lister  in  the  use  of  antiseptics  and  in  the  promulgation 
of  the  "germ  theory"  of  wound  infection,  but  the  credit  of  setting  the 
subject  before  the  medical  profession  in  a  practical  way  belongs  to 
Lister.  Bassi,  Semmelweiss,  Jules  Lamaire,  and  Bottini  all  antedated 
the  Englishman  in  the  use  of  carbolic  acid  and  bichlorid  of  mercury, 
and  deserve  due  credit  for  their  contributions,  but  it  was  Lister  who 
impressed  the  profession  with  the  microbic  origin  of  wound  infection 
and  the  method  of  successfully  combating  it. 

Certain  of  the  ancients  and  many  others  throughout  the  history  of 
surgery  used  antiseptics  empirically,  and  for  centuries  certain  drugs 
were  held  to  be  great  flesh-producers  and  wound-healers.  There  were, 
however,  always  a  few  in  every  age  who  entertained  the  more  rational 
view,  which  to-day  is  so  prevalent,  that  incised  and  other  clean  wounds 
will  heal  of  themselves  in  most  instances,  and  that  the  application  of 
chemicals  only  retards  the  healing.  Among  these  were  Bombast, 
sixteenth  century,  Francois  Arcaeus,  1574,  Wiseman,  1692,  and  many 
others.  Although  they  did  not  understand  the  value  of  surgical  cleanli- 
ness, they  may  be  classed  as  the  aseptic  surgeons  of  their  time,  in 
contradistinction  to  those  who  washed  their  wounds  out  with  strong 
chemicals  and  applied  healing  salves  and  lotions.  It  is  evident  then 
that  much  which  underlies  our  present  method  of  treating  wounds  is 
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not  really  new.  It  was  the  proof  that  suppuration  of  wounds  was  the 
result  of  microbic  infection  which  made  the  great  turning-point  in  the 
history  of  surgery  (1880).  At  first  it  was  supposed  that  these  pus-pro- 
ducing micro-organisms  made  their  entrance  into  the  wound  from  the 
atmosphere,  and  Lister  and  others  made  the  most  elaborate  apparatus 
for  purifying  the  air  about  wounds  during  operations  and  dressings. 
Knowing  that  micro-organisms  produced  infection,  it  was  natural  that 
Lister  should  suppose  that  they  existed  in  the  atmosphere.  Fig.  186, 
from  Cheyne's  " Antiseptic  Surgery"  (1882),  shows  not  alone  the  use 
of  the  carbolic  spray,  but  also  gives  us  some  idea,  when  compared  with 


Fig.  186. — Representing  the  General  Arrangement  of  Surgeon,  Assistants,  Towels,  Spray. 
Etc.,  in  an  Operation  Performed  with  (Supposed)  Complete  Aseptic  (Antiseptic)  Pre- 
cautions (1882).     (W.  Watson  Cheyne.) 

a  modern  operation,  of  the  change  which  has  taken  place  in  our  technic 
during  twenty-five  years. 

The  introduction  of  subcutaneous  surgery  in  the  early  part  of  the 
nineteenth  century  was  the  result  of  this  fear  of  contact  with  the  atmos- 
phere, as  was  also  the  use  of  collodion  and  other  dressings  which  were 
used  at  the  same  period  for  the  purpose  of  excluding  air.  The  objection 
to  these  dressings,  which  sealed  the  wound,  was  that  there  was  no  escape 
for  the  discharges,  and,  therefore,  in  1866  Jules  Gu6rin  developed  an 
apparatus  for  pumping  out  the  discharge,  and  with  it  the  air.  At 
various  times  before  and  after  this  period  a  number  of  surgeons  practised 
the  introduction  of  other  gases  as  a  substitute  for  atmospheric  air. 
Among  those  which  were  experimented  with  and  used  to  some  extent 
were  oxygen,  hydrogen,  nitrogen,  and  carbonic  acid  gas.     The  use  of 
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oxygen  in  this  way  has  been  revived,  and  is  now  practised  by  some 
surgeons.  Reference  to  its  use  is  made  later.  While  the  French  and 
English  were  working  at  the  exclusion  of  air,  the  Germans,  Bartscher 
and  Vezin,2  wrere  employing  the  open  treatment  of  wounds  with  better 
success,  and  in  the  treatment  of  large  granulating  areas,  such  as  result 
from  burns,  exposure  to  the  air  is  a  well-recognized  treatment  at  the 
present  time. 

Koch,  early  in  the  eighties  showed  very  conclusively  that  pyogenic 
organisms  seldom  found  their  entrance  into  a  wound  from  the  atmos- 
pheric air,  and  that,  on  the  contrary,  the  oxygen  of  the  air  was  especially 


Fio.  187. — The  Prehent-dat  Operating  Room.     Compare  with  that  op  1882. 


detrimental  to  the  anaerobic  organisms.  He  also  pointed  out  that 
sunlight  had  a  retarding  effect  on  the  propagation  of  germs.  It  is  due 
then  largely  to  this  work  that  surgeons  gave  up  the  idea  that  their 
wound  infections  came  from  contact  with  the  atmosphere. 

The  intelligent  use  of  antiseptics  based  on  the  germ  theory  was 
first  practised  and  described  by  Jules  Lemaire,  who  in  1860  published 
a  paper  on  "Coal-tar  Saponin."  This  preparation  contained  saponin, 
alcohol,  carbolic  acid,  benzin,  and  naphtalin.  It  was  used  extensively 
in  the  treatment  of  wounds,  with  excellent  results.  Cheyne  says  of 
Lemaire  that  he  was  "undoubtedly  the  first  who,  recognizing  that 
theory  (germ  theory  of  putrefaction),  applied  it  to  practice."  He  is 
careful,  however,  to  state,  and  does  so  most  explicitly,  that  Lemaire's 
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work  in  no  way  should  detract  from  the  credit  which  is  due  to  Lister, 
as  the  former  had  no  system  about  his  use  of  antiseptics,  although  he 
did  believe  strongly  in  the  germ  theory.  Lister's  work  was  carried 
on  entirely  independently  of  any  knowledge  of  Lemaire's  experiments. 
Lister,3  in  a  letter  to  the  "  Lancet, "  states  that  he  never  made  any  claim 
to  the  original  use  of  carbolic  acid,  but  that  the  "  methods  of  its  employ- 
ment with  the  view  of  protecting  the  reparatory  processes  from  dis- 
turbance by  external  agency"  was  original.  To  him  is  due  the  credit 
not  only  of  formulating  a  method  of  using  antiseptics  in  wounds,  but 
also  of  showing  the  great  necessity  for  sterilizing  ligatures  and  instru- 
ments. What  he  had  done  is  readily  shown  by  the  following  statement 
by  Cheyne: 

"The  development  of  his  system  in  his  own  hands  has  already  been 
traced.  Mr.  Lister's  writings  have  stimulated  surgeons  to  the  study  of 
the  whole  subject,  and  have  led  to  the  introduction  of  improvements  in 
every  detail  of  wound  treatment.  These  improvements,  acting  on 
better  principles,  have  brought  even  the  older  methods  to  a  high  state 
of  perfection,  and  numerous  researches  have  since  been  made  which 
have  enabled  us  to  reduce  to  order  and  show  the  true  principles  under- 
lying the  various  attempts  at  wound  treatment  which  had  been  pre- 
viously carried  out." 

Cleanliness  alone  and  the  use  of  antiseptics  in  the  wounds  alone  were 
tried  before,  and  have  been  tried  since  the  introduction  of  the  Listerian 
method,  but  they  have  always  failed,  as  we  at  the  present  time  can 
readily  understand.  The  whole  history  of  this  interesting  subject  is 
told  in  Mr.  Cheyne's  book,  which  the  reader  will  find  most  entertaining. 

A.  G.  Gerster4  published  one  of  the  first  comprehensive  volumes  in 
this  country  dealing  with  the  antiseptic  treatment  of  wounds,  and  it 
was  a  potent  factor  in  popularizing  the  method. 

Asepsis,  as  it  is  at  present  understood  and  practiced,  indicates  a  con- 
dition of  absolute  sterility  the  result  of  the  use  of  mechanical  cleansing, 
antiseptics,  or  heat,  or  all  three.  An  aseptic  operation,  therefore, 
means  one  in  which  all  the  instruments,  sutures,  ligatures,  dressings, 
the  field  of  operation,  the  surgeon's  hands,  and  everything,  in  fact, 
coming  in  direct  or  indirect  contact  with  the  wound,  have  been  thoroughly 
sterilized,  and  in  which  no  antiseptic  solutions  are  used  during  the 
progress  of  the  operation.  Aseptic  surgery  is  the  natural  outcome  of 
Lister's  work,  and  has  grown  and  is  still  growing  in  perfection  and 
in  the  extent  of  its  practice.  The  ideal  operation  to-day  is  an  aseptic 
and  not  an  antiseptic  one.  American  surgeons  have  done  as  much  as 
those  of  any  other  country,  if  not  even  more,  to  perfect  aseptic  technic, 
and  this  technic  is  practised  more  extensively  to-day  in  America  than 
in  any  other  country. 

The  great  advantage  of  aseptic  over  antiseptic  surgery  is  to-day 
questioned  by  practically  no  man  doing  active  surgical  work.  A  small 
volume  published  by  Hunter  Robb5  in  1894,  and  another  by  Carl  Beck* 
in  1895,  dealing  with  aseptic  surgical  technic,  put  this  subject  in  a 
comprehensive  light  before  the  American  profession,  and  it  has  grown 
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rapidly  in  popularity  and  practice  ever  since.  It  is  extremely  doubtful 
whether  even  in  infected  wounds  strong  antiseptic  solutions  exercise 
the  retarding  effect  on  the  infection  that  was  once  supposed.  Aside 
from  the  very  detrimential  effect  which  they  have  upon  the  tissue-cells, 
it  is  a  question  whether  they  really  reach  the  source  of  the  infection, 
which  is  often  most  active  at  a  deeper  plane  than  the  solution  can 
possibly  reach;  for  instance,  where  there  is  an  extensive  slough,  the 
antiseptic  solution  can  certainly  do  nothing  but  destroy  those  organisms 
which  may  be  on  the  surface.  The  irritation  resulting  from  the  strong 
antiseptic  solutions  probably  are  more  harmful  than  helpful  in  many 
of  these  cases.  Free  incision  and  thorough  drainage,  which  allow  the 
access  of  the  oxygen-containing  atmosphere,  are  probably  more  impor- 
tant than  irrigation  with  an  antiseptic  solution.  A  small  opening  in 
infected  wounds,  and  the  injection  of  antiseptic  solutions,  is  not  to  be 
compared  to  free  incision,  good  drainage,  and  the  application  of  an 
aseptic  dressing.  Cleanliness  and  the  aseptic  habit  in  operating  upon 
even  the  most  septic  cases  should  be  conscientiously  adhered  to. 

It  is  to  be  regretted  that  our  science  has  not  yet  reached  the  point 
where  pyogenic  infections  may  be  surely  and  successfully  combated  by 
the  internal  or  hypodermatic  administration  of  some  antiseptic  agent. 
Certain  specific  serums  are  now  being  employed  with  success  in  the 
treatment  of  infections,  such  as  diphtheria,  but  this  work  is  yet  in  its 
infancy.  The  question  of  serum  therapy  in  the  treatment  of  surgical 
infections  is  elsewhere  dealt  with,  and  a  simple  reference  to  it  at  this 
point  is  all  that  is  pertinent.  The  valuable  work  of  Wright  and  others, 
based  on  the  opsonic  index  of  the  blood,  is  a  pretty  clear  indication  of 
the  direction  from  which  new  light  can  be  expected. 

Sources  of  Wound  Infection. — By  far  the  most  common  source 
of  wound  infection  is  the  hands  of  the  surgeon  and  his  assistants.  The 
patient's  skin  also  may  be  the  source  of  the  infection.  The  Staphylo- 
coccus epidermidis  albus  (Welch)  is  the  organism  which  is  most  often 
responsible  for  the  infection.  Infected  sutures,  ligatures,  instruments, 
and  dressings  are  frequent  sources  of  infection,  but  we  should  not  fall 
into  the  habit  of  attributing  our  infections  to  these  until  we  have 
absolutely  ruled  out  the  possibility  of  the  infection  having  arisen  from 
our  own  hands  or  those  of  our  assistants  or  nurses.  The  perspiration 
from  the  surgeon's  face  or  hands  occasionally  produces  infection,  also 
the  saliva  which  escapes  from  the  mouth  during  talking.  Atmospheric 
infection  of  wounds  during  the  course  of  an  operation  is  of  doubtful 
occurrence.  Infection  during  subsequent  dressings  is  not  so  apt  to 
»;ake  place  as  at  the  time  of  operation,  but  it  may  occur  unless  the 
strictest  aseptic  precautions  are  exercised.  Certain  predisposition 
on  the  part  of  the  patient  renders  him  more  liable  to  infection;  this 
particularly  applies  to  such  constitutional  conditions  as  syphilis, 
alcoholism,  Bright's  disease,  and  diabetes.  In  fact,  anything  which 
lowers  the  resistance  of  the  tissues  by  diminishing  the  bactericidal 
quality  of  the  blood  increases  the  risks  of  infection.  Certain  infections 
are  rendered  more  likely  through  an  hereditary  predisposition;  this  is 
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well  illustrated  in  tuberculosis.  The  occupation  of  the  patient  may 
render  him  more  liable  to  infection — for  instance,  the  risk  a  morocco 
worker  runs  of  developing  anthrax.  It  has  been  suggested  that  certain 
races  are  more  predisposed  to  infection  than  are  others.  This,  however, 
is  open  to  some  question,  as  it  is  probable  that  the  predisposition  can 
be  accounted  for  by  other  circumstances,  such  as  the  patient's  sur- 
roundings and  habits  of  life.  Climate  undoubtedly  influences  infection. 
In  a  dry  climate,  especially  at  a  high  altitude,  infection  is  not  so  frequent 
as  it  is  in  damp  atmospheres  and  in  the  unhealthy,  squalid  quarters  of 
a  crowded  city. 

Methods  of  Preventing  and  Overcoming  Infection.— In  the 
modern  aseptic  operating  room  germicides  and  antiseptics  do  not  play 
so  important  a  part  as  they  formerly  did.  This  is  largely  due  to  the 
fact  that  heat  is  used  wherever  possible  in  the  preparation  of  sutures, 
ligatures,  dressings,  instruments,  etc.,  and  the  fact  that  in  uninfected 
tissues  no  antiseptic  solutions  are  employed.  It  must  also  be  remem- 
bered that  the  germicidal  agents  possess  the  disadvantage  of  exercising 
a  more  or  less  destructive  action  on  the  body-cells,  and  consequently 
their  use  is  not  warranted  in  clean  wounds.  We  still,  however,  meet 
with  infected  wounds  sufficiently  often  to  render  the  use  of  these  agents 
necessary. 

Heat  is  the  most  valuable  of  all  sterilizing  agents,  its  only  draw- 
back being  that  it  is  not  universally  applicable.  Wherever  possible, 
it  should  be  employed  in  preference  to  chemical  agents.  It  can 
be  employed  either  as  moist  or  as  dry  heat.  Moist  heat  is  a  much 
more  efficacious  germicide  than  dry  heat,  destroying  the  organisms 
at  a  much  lower  temperature.  Boiling  water  at  a  temperature  of 
212°  F.  will  destroy  nearly  instantaneously  all  pus-producing  organisms. 
Spores,  however,  require  a  moist  heat  of  284°  F.,  kept  up  for  at  least 
half  an  hour.  A  dry  heat  of  212°  F.  will  not  destroy  pus-producing 
organisms  under  an  hour  and  a  half,  and  spores  will  live  for  three  hours 
at  a  dry  temperature  of  284°  F.  Although  moist  heat  is  very  much 
quicker  and  more  satisfactory  in  its  action,  yet  it  is  often  inconvenient 
to  employ  it  in  the  sterilization  of  gowns,  towels,  operating  suits,  etc. 
Sterilization  by  heat  has  been  greatly  facilitated  by  the  introduction 
of  the  autoclave,  by  means  of  which  a  very  high  temperature  under 
pressure  can  be  obtained.  This  is  the  most  satisfactory  method  of 
sterilizing  dressings,  towels,  sheets,  operating  suits,  and  aprons.  A 
similar  and  less  expensive  method  of  sterilizing  these  articles  is  by  the  use 
of  one  of  the  simple  steam  sterilizers  which  are  sold  by  all  dealers.  In  an 
emergency  an  ordinary  bake-oven  can  be  employed  as  a  sterilizer.  It  is 
best,  however,  where  the  temperature  cannot  be  estimated,  to  boil  the 
articles  and  dry  them  between  sheets  moistened  with  bichlorid  solution. 

Bichlorid  of  Mercury. — Among  the  chemical  germicides  there  is 
none  more  universally  employed  than  the  bichlorid  of  mercury.  It  is 
actively  germicidal  in  strengths  of  from  1  :  1000  to  1  :  10,000;  stronger 
solutions  are  rarely  called  for  in  the  treatment  of  wounds,  but  may  be 
employed  for  the  sterilization  of  glassware,  trays,  basins,  etc.     As  a 
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lotion  and  for  the  sterilization  of  the  skin,  a  strength  of  1  :  2000  is  suffi- 
cient. As  a  douche,  the  bichlorid  may  be  employed  in  a  1 :  2000  to 
1  :  6000  solution,  and  solutions  of  from  1 :  6000  to  1 :  10,000  may  be 
employed  in  the  bladder  or  on  the  conjunctiva.  There  is  no  excuse  for 
using  bichlorid  solution  in  the  abdomen;  its  irritating  and  poisonous 
qualities  outweigh  any  supposed  good  it  may  do.  When  used  on 
subcutaneous  tissues,  an  albuminate  of  mercury  is  formed;  this,  however, 
can  be  prevented  to  some  extent  by  combining  tartaric  acid  with  the 
bichlorid.  Chlorid  of  ammonium  or  tartaric  acid  is  also  combined  with 
the  bichlorid  of  mercury  to  render  it  more  soluble.  All  antiseptic 
solutions,  especially  for  use  in  wounds,  should  be  fresh  and  warm. 
This  has  been  rendered  easy  by  the  use  of  the  tablets  sold  by  all  drug- 
gists. The  bichlorid  tablet  in  most  common  use  contains  7£  grains, 
which,  added  to  a  pint  of  water,  makes  a  solution  of  1  :  1000.  Bichlorid 
solution  of  this  strength  will  destroy  all  pus-producing  organisms. 
Anthrax  spores,  however,  are  very  resistant.  Among  the  objections 
to  the  use  of  this  agent  is  its  irritant  action  on  healthy  cells.  When 
applied  in  too  strong  a  solution  on  a  delicate  skin,  or  even  when  a  weak 
solution  is  covered  by  some  impermeable  material,  like  oiled  silk  or 
waxed  paper,  a  marked  dermatitis  is  apt  to  develop.  Particular  care 
should  be  exercised  to  avoid  this  during  the  preparation  of  a  patient  for 
an  operation;  we  have  seen  a  child  come  to  the  operating  room  with 
so  marked  a  dermatitis  that  operation  had  to  be  postponed.  It  is  also 
a  deadly  poison,  and  is  rapidly  absorbed  by  mucous  and  serous  mem- 
branes; because  of  this  fact  it  is  rarely  used  in  serous  lined  cavities,  and 
only  in  the  weaker  solutions  in  mucous  lined  cavities,  such  as  the 
vagina.  Fatal  mistakes  have  been  made  from  injecting  into  the 
rectum  a  solution  intended  as  a  douche.  When  used  in  a  wound,  it 
always  excites  an  excessive  amount  of  secretion.  This  agent  does  not 
disinfect  feces  because  of  the  presence  of  hydrogen  sulphid.  Most  of 
the  tablets  put  up  by  the  manufacturing  chemists  have  some  anilin 
dye  in  them,  so  as  to  color  the  solution  and  thus  render  its  being  mistaken 
for  plain  water  unlikely.  The  greatest  care  should  be  exercised  in  the 
use  of  these  tablets  in  solutions  to  prevent  mistakes.  The  fatal  mistake 
has  often  been  made  of  supposing  them  to  be  lithia  tablets  or  tablets 
for  making  a  nasal  douche  or  mouth-wash.  As  the  bichlorid  tarnishes 
all  metal  instruments,  it  cannot  be  employed  for  their  sterilization. 
The  symptoms  of  bichlorid  poisoning  are  salivation,  painful  and  tender 
gums,  cramps  in  the  abdomen,  and  diarrhea.  Should  these  symptoms 
develop,  the  source  of  the  poisoning  should  be  sought,  and  any  remaining 
solution  evacuated — if  in  the  rectum,  by  enema,  or  if  in  the  stomach, 
by  the  stomach-tube.  In  an  acute  poisoning  from  bichlorid  solution 
in  the  stomach  or  rectum  the  whites  of  a  number  of  eggs  should  be 
promptly  swallowed  or  injected. 

Biniodid  of  mercury  is  extensively  employed  in  Great  Britain,  and 
may  be  used  in  the  same  strengths  as  the  bichlorid.     "It  is  a  more 
powerful  germicide,  while  it  is  less  irritative,  and  it  neither  forms  a 
mercuric  albuminate  nor  tarnishes  metal  instruments."7 
vol.  v— 38 
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Carbolic  Acid. — Carbolic  acid,  a  coal-tar  derivative,  although  known 
as  early  as  1834,  was  not  used  as  an  antiseptic  until  about  the  beginning 
of  the  antiseptic  era,  but  soon  became  the  mainstay  of  this  method 
of  wound  treatment.  It  is  germicidal  in  solutions  of  from  1  :  20  to  1  :  40. 
The  weaker  solutions  are  not  germicidal,  and  even  those  of  the  strengths 
given  do  not  destroy  spores  promptly.  Pure  carbolic  acid  is  destructive 
to  all  bacteria,  and  is  also  equally  destructive  to  the  tissue;  its  action  on 
the  tissue  can  be  limited,  however,  by  following  its  application  promptly 
with  pure  alcohol.  In  this  way  it  has  been  employed  for  the  destruction 
of  lining  membrane  of  old  abscess  cavities.  It  is  extensively  used  in 
the  sterilization  of  rubber  instruments  and  those  with  wooden  handles. 
The  great  objection  to  carbolic  acid  is  its  local  irritant  effect  on  the 
tissues.  Even  a  weak  solution,  if  covered  with  some  impermeable 
material  like  oiled  silk  or  wax  paper,  may  produce  gangrene;  scores  of 
cases  of  gangrene  from  the  indiscriminate  use  of  carbolic  acid  in  the 
hands  of  the  laity  have  been  reported,  and  we  have  seen  the  loss  of 
several  fingers  where  it  has  been  improperly  used.  The  preparation  known 
as  phenol  sodique  is  extensively  used  by  the  laity,  and  we  have  seen 
serious  dermatitis  and  gangrene  caused  by  the  indiscriminate  use  of  too 
strong  solutions  of  this  agent.  Carbolic  acid  also  produces  a  systemic 
poisoning  through  absorption.  One  of  the  first  symptoms  noticed 
from  such  absorption  is  irritation  of  the  urinary  tract  and  carboluria. 
This  poisoning  is  more  apt  to  take  place  when  the  weaker  solutions  are 
used  than  where  the  pure  acid  is  used,  as  the  destruction  produced  by 
the  pure  acid  prevents  its  absorption.  The  effect  of  carbolic  acid 
upon  the  urine  is  to  cause  it  to  become  smoky  a  short  time  after  it  is 
voided.  The  urine  shows  a  complete  absence  or  diminution  of  the 
sulphates,  and  albumin  is  generally  present.  When  these  symptoms 
present  themselves,  the  use  of  carbolic  acid  should  be  at  once  stopped, 
and  the  administration  of  sulphate  of  soda  and  atropin  begun.  If  the 
condition  has  lasted  for  any  length  of  time  and  the  patient  is  weak  and 
exhausted,  stimulants  are  indicated. 

Lysol  is  a  saponified  phenol,  and  possesses  some  germicidal  power; 
it  is  used  in  solutions  of  from  1  to  3  per  cent. 

Creolin  is  mildly  germicidal,  and  is  extensively  used  as  a  vaginal 
disinfectant  in  from  2  to  4  per  cent,  solutions.  Both  of  these  agents 
(lysol  and  creolin)  act  very  much  as  carbolic  acid,  but  neither  possesses 
the  former's  irritating  qualities. 

Formaldehyd  gas  is  an  active  germicide,  and  very  valuable  as  a 
disinfectant.  It  is  used  in  the  shape  of  formalin,  which  is  a  40  per  cent, 
solution  of  the  gas  in  water.  This  agent  is  very  irritating  to  the  normal 
tissues  in  the  stronger  solutions,  but  a  2  per  cent,  solution  of  formalin 
may  be  used  for  the  sterilization  of  the  hands,  instruments,  etc.  The 
formaldehyd  fumes  are  employed  for  the  disinfection  of  clothing,  rooms, 
bedding,  etc.,  and  also  for  the  sterilization  of  catheters.  The  fumes  of  the 
gas  are  very  irritating  to  the  mucous  membrane,  and  when  this  agent  is 
used  for  the  disinfection  of  rooms,  every  crevice  and  crack  must  be 
tightly  sealed  to  prevent  the  escape  of  the  gas. 


ANTISEPSIS    AND    ASEPSIS.  595 

Glutol  is  a  formalin  gelatin  which  has  been  extensively  used  in 
the  treatment  of  granulating  wounds. 

Boric  acid  is  a  mild  antiseptic,  but  is  not  actively  germicidal.  A 
solution  of  boric  acid,  10  grains  to  the  ounce,  is  most  useful  in  inflamma- 
tions of  the  mucous  membranes,  such  as  the  conjunctiva  and  bladder. 
In  the  form  of  an  ointment  it  is  also  quite  extensively  employed. 

Salicylic  acid  is  an  antiseptic  of  value.  It  is  used  generally  in 
the  form  of  a  10  per  cent,  ointment.  It  is  but  slightly  soluble  in  water. 
In  the  form  of  a  soap,  in  combination  with  sulphur  or  alone,  it  is  used 
in  inflammatory  affections  of  the  skin. 

Thiersch's  solution  is  a  combination  of  boric  and  salicylic  acids 
(boric  acid,  1  grain;  salicylic  acid,  6  grains,  to  one  ounce  of  water),  and 
is  more  actively  germicidal  than  either  the  boric  or  salicylic  solutions 
alone.     It  is  non-toxic  and  non-irritant. 

Chlorid  of  zinc  in  10  per  cent,  solution  is  occasionally  used  in  very 
dirty  and  sloughing  wounds,  such  as  result  from  cancerous  ulceration. 
Care  should  be  taken  to  remove  the  excess  of  the  solution,  as  it  is  very 
irritating. 

Iodin  possesses  more  germicidal  property  than  was  at  one  time 
supposed.  Senn8  states  that  it  is  probably  the  most  powerful  anti- 
pyogenic  known.  He  uses  a  solution  of  \  of  1  per  cent,  for  irrigation, 
and  \  of  1  per  cent,  for  dressing.  Iodin  is  being  extensively  used  at 
present  for  the  sterilization  and  hardening  of  catgut.  In  tuberculous 
lesions  the  iodin  solutions  are  particularly  advantageous. 

Iodoform  is  an  agent  which  hinders,  but  does  not  arrest,  the  growth 
of  bacteria.  It  stimulates  granulation,  relieves  pain,  and  prevents 
decomposition.  It  is  usually  employed  in  a  10  per  cent,  emulsion,  as 
it  is  insoluble  in  water.  Iodoform  gauze  is  used  extensively  in 
tuberculous  affections.  The  agent  in  these  cases  seems  to  exercise 
nearly  a  specific  action.  Iodoform  powder  is  rapidly  absorbed  by 
the  skin,  and  fatal  cases  of  iodoform  poisoning  have  occurred  from 
treating  burns  with  it.  Iodoform  is  used  also  in  ointment  form  and 
in  suppositories.  The  symptoms  of  iodoform  poisoning  are  delirium, 
the  odor  of  iodoform  on  the  breath,  the  presence  of  iodoform  in 
the  urine,  an  eruption  over  the  skin,  and,  finally,  coma.  The  agent 
is  also  capable  of  producing  a  localized  dermatitis,  with  great  irritation, 
and  must,  therefore,  be  used  with  care  on  all  delicate  skins.  Numerous 
substitutes  for  iodoform  have  been  brought  forth  at  different  times 
and  by  different  manufacturing  chemists.  Aristol  was  one  of  the  first, 
while  no8opken,  airol,  and  iodol  are  among  the  more  recent  substitutes. 
The  great  advantage  claimed  for  all  these  is  that  they  do  not  possess 
the  unpleasant  odor  which  is  so  characteristic  of  iodoform. 

Potassium  permanganate  is  not  only  an  antiseptic,  but  a  very 
excellent  deodorizer.  A  5  per  cent,  solution  is  used  for  sterilizing  the 
hands,  the  stain  being  removed  later  by  the  use  of  a  saturated  solution 
of  oxalic  acid.  This  method  of  sterilizing  the  hands  has  been  very 
extensively  employed. 

Alcohol  possesses  marked  antiseptic  qualities,  and  is  one  of  the 
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best  agents  for  the  sterilization  of  the  hands  of  the  surgeon  and  skin  of 
the  patient.  A  60  per  cent,  or  75  per  cent,  dilution  of  alcohol  is  more 
efficacious  as  a  skin  disinfectant  than  the  95  per  cent,  alcohol.  This 
is  because  the  purer  alcohol  is  much  less  penetrating  than  the  dilute. 
It  is  also  used  when  diluted  with  water,  one  part  to  four,  as  a  dressing 
for  granulating  wounds.  It  is  employed  to  limit  the  action  of  carbolic 
acid  when  this  agent  has  been  applied  in  full  strength.  It  is  a  useful 
agent  in  which  to  store  certain  material,  such  as  ligatures,  sutures,  etc. 

Silver  possesses  undoubted  antiseptic  properties,  as  has  been 
shown  by  Halsted  and  others.  Halsted  covers  his  wounds  with  a  silver- 
foil,  and  states  that  silver  sutures  do  not  produce  infection  because  of 
their  antiseptic  power.  Silver  solutions  of  varying  strengths  are 
decidedly  antiseptic.  Solutions  of  nitrate  of  silver  are  used  in  strengths 
varying  from  5  grains  to  60  grains  to  the  ounce.  The  solid  nitrate  of 
silver  stick  is  used  for  destroying  exuberant  granulations.  Innumer- 
able silver  preparations  have  been  put  upon  the  market  as  being  superior 
to  the  ordinary  nitrate  of  silver,  which  is  generally  used.  The  most 
extensively  employed  preparations  are  those  known  as  protargol  and 
argyrcl,  both  of  which  have  gained  a  reputation  in  the  treatment  of 
inflammations  of  the  mucous  membranes,  especially  those  of  gonococcal 
origin.  The  unguentum  CredS  is  an  ointment  of  silver  which  is  used 
in  cases  of  septic  infection,  and  also  in  localized  inflammations.  From 
15  to  45  grains  of  silver  can  in  this  way  be  rubbed  into  the  skin.  It 
is  absorbed,  and  undoubtedly  exercises  an  antiseptic  influence  on  the 
infecting  micro-organisms. 

Saline  Solution. — Saline  solution,  or  normal  or  isotonic  salt  solution, 
as  it  is  called,  because  of  its  close  approximation  to  the  blood-serum,  con- 
sists of  a  solution  of  0.7  per  cent,  of  sodium  chlorid  in  plain  sterile  water. 
Roughly  speaking,  and  for  ordinary  purposes,  this  solution  can  be  made 
by  adding  an  even  teaspoonful  of  ordinary  table  salt  to  one  pint  of 
boiled  water,  and  then  reboiling.  It  can  be  stored  for  a  limited  time 
in  sterile  glass  jars,  which  are  sealed  with  sterile  cotton.  The  jars  can 
be  heated  to  whatever  temperature  is  required  for  use.  This  solution 
is  the  one  which  is  generally  used  for  irrigating  wounds  and  cavities; 
it  is  non-irritating,  and  possesses  no  antiseptic  quality.  It  is  also 
injected  into  the  rectum,  subcutaneously,  and  into  a  vein  in  cases  of 
hemorrhage  and  shock.  When  a  moist  dressing  is  desired,  there  is  no 
solution  comparable  to  this,  largely  because  of  its  non-irritating  quality. 
It  makes  an  excellent  dressing  for  a  burn.  It  has  a  slightly  irritating 
effect  on  the  kidneys,  and  when  large  quantities  of  it  are  used,  it  is 
better  to  dilute  it. 

The  action  of  pure  oxygen  on  wounds  and  infections  has  been  care- 
fully studied  by  Burkhardt.9  Both  pure  oxygen  and  ozone  have  been 
used:  apparently  ozone  is  the  more  effectual.  It  is  found  that  oxygen 
but  slightly  retards  the  growth  of  bacteria,  but  both  oxygen  and  ozone 
produce  a  hyperemia  and  retard  especially  the  growth  of  aerobic  organ- 
isms. Pure  oxygen  in  the  abdominal  cavity  produces  a  marked  hyper- 
emia and  a  leukocytosis.     Ozone  has  had  some  practical  use  in  this 
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country,  but  the  results  have  not  been  sufficiently  studied  to  warrant 
us  in  recommending  it. 

Sunlight  has  a  marked  retarding  effect  on  some  bacteria,  and 
actually  destroys  others.  The  anthrax  spore  is  said  to  be  killed  very 
promptly  by  exposure  to  strong  sunlight,  and  the  tubercle  bacillus  to 
be  slowly  destroyed  by  it.  Considered  from  a  iclinical  point  of  view, 
there  is  no  doubt  that  sunlight  is  of  great  help  in  the  treatment  of 
tuberculous  lesions.  Electricity  and  the  x-raxjs  also  produce  a  marked 
retarding  effect  on  the  propagation  of  certain  micro-organisms. 

Peroxid  of  hydrogen  is  an  agent  of  great  value  in  the  treatment  of 
suppurating  foci.  It  has  not  any  marked  germicidal  power,  but  the 
excessive  amount  of  oxygen  which  it  contains  is  held  so  loosely  that  it 


Fig.  188. — Mode  or  Administering  Salt  Solution  Subcutaneoublt  under  Each  Breast. 

(Eisendrath.) 


is  rapidly  given  up  in  the  presence  of  any  substance  which  is  readily 
oxidized,  such  as  pus  and  blood.  For  this  reason  it  is  very  useful  in 
cleansing  infected  and  foul  wounds,  and  hastening  the  separation  of 
necrotic  tissue.  It  has  also  a  marked  hemostatic  power,  and  is  used  to 
some  extent  on  this  account  in  nose  and  throat  work.  Its  hemostatic 
power  is  observed  also  in  bone  cavities.  Care  should  be  taken  never  to 
use  this  agent  unless  there  is  a  free  exit,  as  it  increases  rapidly  in  volume 
after  coming  in  contact  with  dead  tissue  or  pus,  and  serious  accidents 
have  happened  from  its  improper  use;  for  instance,  if  it  is  injected  into 
an  abdominal  sinus  where  free  escape  is  not  provided  for,  the  increase 
in  volume  will  result  in  rupture  of  the  sinus  and  infiltration  of  surrounding 
tissues,  possibly  of  the  peritoneal  cavity.    The  distention  produced 
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by  it  is  also  quite  painful,  and  therefore  only  a  small  quantity,  or  a  much 
diluted  solution,  should  be  introduced  into  cavities. 

Plain  sterile  water  is  a  fluid  which  should  always  be  provided  in 
large  quantities  for  any  operation,  for  the  purpose  of  cleansing  the  wound 
and  washing  the  instruments  and  surgeon's  hands  during  the  progress 
of  the  operation,  etc.  Both  plain  boiled  water  and  salt  solution  are 
much  preferable  to  any  of  the  antiseptic  solutions  for  these  purposes. 

MATERIALS  EMPLOYED. 

Use  of  Sutures  and  Ligatures. — Catgut  is  the  material  which 
is  most  generally  employed  for  sutures  and  ligatures.  It  is  made  from 
the  submucous  coat  of  the  intestine  of  the  sheep.  Its  great  advantage 
is  the  fact  that  it  is  absorbed  by  the  tissues;  its  greatest  disadvantage 
has  been  the  difficulty  of  sterilization;  this,  however,  has  been  entirely 
overcome  in  the  past  few  years.  Another  objection  that  is  advanced 
against  catgut  is  that  when  it  becomes  moistened  with  the  secretions  of 
the  wound,  it  is  apt  to  come  untied.     This  objection,  however,  does 
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Fig.  180. — Surgical  Catovt,  Scale  of  Sizes. 


not  hold  where  three  properly  applied  knots  are  tied  and  the  ends  of 
the  ligature  are  not  cut  too  short.  Where  there  is  tension  on  the  suture, 
or  when  the  ligature  constricts  large  blood-vessels  or  a  thick  pedicle, 
the  ends  of  the  suture  should  be  left  from  i  to  J  inch  long.  Where 
there  is  a  tendency  to  slipping  of  the  first  knot,  the  second  knot  should 
be  a  granny-knot,  and  the  third  a  reef  or  flat  knot.  If  the  second  knot 
is  a  granny,  the  first  knot  can  be  made  much  tighter  when  the  granny 
is  applied. 

Until  recently  many  surgeons  declined  to  use  catgut  because  of  the 
unreliability  of  its  sterilization.  At  present,  however,  there  are  a 
number  of  methods  that  can  be  absolutely  relied  upon.  Catgut  is 
obtained  in  sizes  from  00  up  to  5  and  6,  which  latter  are  but  seldom 
employed,  but  which  may  be  used  for  the  ligation  of  large  pedicles  and 
large  blood-vessels.  When  catgut  is  obtained  in  the  raw  state,  it 
should  go  through  a  certain  preliminary  process  of  preparation,  irrespec- 
tive of  the  special  form  of  sterilization  to  be  later  performed.     It  should 
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be  cut  into  the  required  lengths  and  placed  on  glass  reels  or  in  coils,  and 
should  be  soaked  in  ether  for  twenty-four  hours  to  take  the  grease  out 
of  it.  The  gut  put  upon  the  market  by  firms  of  recognized  reliability 
can,  as  a  rule,  be  trusted  for  its  sterility;  much  of  this  gut,  however,  is 
brittle,  either  from  bad  selection  of  the  original  gut  or  from  oversteriliz*- 
tion.  Gut  can  be  made  to  remain  unabsorbed  for  a  longer  period  by 
being  chromicized.  This  is  accomplished  by  soaking  the  sterile  gut  in 
a  4  per  cent,  solution  of  chromic  acid  for  twenty-four  hours.  Gut 
treated  in  this  way  will  remain  unabsorbed  for  from  ten  to  twenty 
days,  according  to  the  size  of  the  gut,  the  strength  of  the  chromic 
solution,  and  the  time  it  is  in  the  solution.  During  recent  years  iodized 
gut  has  become  very  popular,  and  probably  those  forms  of  sterilization 
which  include  the  use  of  iodin  are  more  satisfactory  than  any  others. 
Iodized  gut  is  nearly  as  slowly  absorbed  as  is  chromicized  gut.  One  of 
the  objections  to  the  iodized  gut  is  that  it  is  frequently  brittle. 

The  simplest  method  of  iodin  sterilization  is  that  of  Claudius.  It 
consists  in  placing  the  gut  for  eight  days  in  a  solution  of  iodin  and 
potassium  iodid,  1  per  cent,  of  each.  Burmeister's10  modification  of 
the  Claudius  method  is  as  follows:  The  use  of  a  mixture  of  1  Gm. 
metallic  iodin  in  15  Cc.  or  22.5  Gm.  of  chloroform,  instead  of  the  ordinary 
solutions  of  iodin.  The  catgut  is  placed  in  this  mixture  for  a  week,  when 
it  is  ready  for  use.  The  chloroform  evaporates  so  rapidly  that  the 
catgut  dries  in  a  minute,  but  always  retains  its  flexibility.  Burmeister 
claims  that  catgut  thus  prepared  never  becomes  friable,  never  swells 
when  placed  in  aqueous  solutions  or  living  tissues,  can  be  kept  dry  or  in 
a  fluid,  as  desired,  never  has  any  irritating  action,  whether  rinsed  or 
not,  while  it  is  fully  as  strong  as,  if  not  stronger  than,  that  prepared  by 
other  technics. 

Moynihan's"  modification  of  the  Claudius  method  is  as  follows: 
In  10  ounces  of  sterile  water  dissolve  1  ounce  of  crystals  of  potassium 
iodid.  When  all  the  crystals  are  dissolved,  10  ounces  of  sterile  water 
.are  added  and  then  1  ounce  of  iodin  crystals.  The  whole  is  then  diluted 
with  4  pints  of  sterile  water.  The  result  is  a  1  per  cent,  solution  of 
iodin  and  potassium  iodid.  Unless  the  solution  is  made  in  this  way, 
he  finds  that  the  crystals  of  iodin  do  not  completely  dissolve  and  the 
solution  is,  therefore,  weaker  than  it  ought  to  be.  He  keeps  the  catgut 
for  eight  days  at  least  in  this  solution  before  using,  and  finds  that  it 
keeps  well  in  the  solution  for  at  least  six  months. 

Bartlett's12  method  of  sterilization  is  as  follows:  The  string  of  catgut 
coils  is  dried  for  one  hour  at  a  temperature  of  180°  F.,  and  then  for  a 
second  hour  at  220°  F.,  the  change  in  temperature  being  gradually 
accomplished.  The  catgut  is  placed  in  liquid  albolene,  where  it  is 
allowed  to  remain  until  perfectly  "clean,"  in  the  sense  that  the  term 
is  used  in  the  preparation  of  histologic  specimens.  This  is  usually 
accomplished  in  a  few  hours,  though  it  has  been  Bartlett's  custom  to 
allow  the  gut  to  remain  in  the  oil  over  night.  The  vessel  containing 
the  oil  is  placed  upon  a  sand-bath,  and  the  temperature  raised  during 
one  hour  to  320°  F.,  which  temperature  is  maintained  for  a  second  hour. 
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By  seizing  the  thread  with  sterile  forceps  the  catgut  is  lifted  out  of  the 
oil  and  placed  in  a  mixture  of  iodin  crystals  one  part  and  Columbian 
spirits  (deodorized  methyl-alcohol)  100  parts.  In  this  fluid  it  is  stored 
permanently,  and  is  ready  for  use  in  twenty-four  hours;  the  thread  is 
then  cut  and  withdrawn.  The  Mayo  brothers  use  this  gut  and  highly 
commend  it. 

Recently  this  method  has  been  modified  at  the  Pennsylvania 
Hospital  by  Dr.  W.  E.  Lee,  and  the  following  is  the  method  now 
employed  in  that  institution,  the  gut  thus  prepared  giving  excellent 
results.  "Strands  of  plain  catgut  of  suitable  lengths  (20  inches)  are 
coiled  about  three  fingers,  and  the  coils  strung  upon  a  single  strand  of 
gut.  These  strings  of  coiled  gut  are  then  placed  in  a  large  glass  beaker 
(500  c.c),  in  which  they  remain  throughout  the  entire  process.  For 
heating  the  gut  an  ordinary  hot-air  oven,  such  as  is  used  in  the  labora- 
tory, is  employed,  and  within  this  the  beaker  containing  the  catgut  is 
placed.  The  temperature  within  the  oven  is  then  gradually  raised 
during  fifteen  minutes  to  100°  C,  where  it  is  maintained  for  another 
fifteen  minutes  (dry  heat).  Liquid  albolene  or  any  bland  oil  is  then 
poured  into  the  beaker,  completely  submerging  the  gut,  when  the 
temperature  within  the  oven  is  gradually  raised  during  fifteen  minutes 
to  140°  C,  and  kept  there  for  the  same  length  of  time,  when  the  flame 
is  turned  off  (moist  heat).  The  gut  is  allowed  to  remain  cooling  in  the 
oil  for  the  next  twelve  hours,  when  it  is  again  heated  to  140°  C.  in  the 
same  way,  fifteen  minutes  to,  and  fifteen  minutes  at,  140°  C.  After 
cooling  during  the  next  three  hours  it  is  placed  in  wide-mouthed  jars 
containing  J  of  1  per  cent,  alcoholic  solution  of  iodin,  and  stored  away. 
The  gut  is  ready  for  use  after  remaining  twelve  hours  in  the  iodin 
solution." 

The  foregoing  we  believe  to  be  the  most  satisfactory  methods  of 
sterilizing  catgut.  Other  methods  are  the  simple  boiling  in  alcohol, 
boiling  in  cumol,  the  formalin  method  of  Hoffmeister,  and  the  bichlorid 
method  of  von  Bergmann  modified  by  Johnson  of  the  Jefferson  Hospital. 
The  Hoffmeister  method  consists  in  allowing  the  gut  to  soak  for  from 
one  and  one-half  hours  to  four  hours,  according  to  the  size  of  the  gut, 
in  a  3  per  cent,  solution  of  formalin.  This  gut  becomes  very  hard,  and 
can  be  boiled  without  damage  before  being  used.  By  increasing  the 
strength  of  the  formalin  solution  to  5  per  cent.,  the  duration  of  the  gut 
in  the  tissues  can  be  greatly  increased.  Johnson's  modification  of  the 
von  Bergmann  method  consists  in  soaking  the  gut  in  a  solution  of 
bichloride  of  mercury.  Twenty  grains  of  bichlorid  and  100  grains  of 
tartaric  arid  are  added  to  6  ounces  of  alcohol.  The  small  sized  gut 
is  kept  in  this  for  from  ten  to  fifteen  minutes,  the  larger  sizes  from 
twenty  to  thirty  minutes.  The  gut  is  then  stored  in  alcohol,  to  which 
is  added  one  drop  of  chlorid  of  palladium  to  each  ounce  of  alcohol. 
Solutions  of  the  various  silver  salts  have  also  been  employed  for  the 
sterilization  of  catgut.  MacClure,13  following  the  method  of  Cr£d£, 
soaks  the  gut  for  ten  days  in  a  10  per  cent,  solution  of  argyrol,  during 
which  time  the  jars  containing  the  gut  are  frequently  agitated  and 
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protected  from  light.  At  the  expiration  of  ten  days  the  gut  is  stored 
in  alcohol.  James  E.  Blake,14  of  Brooklyn,  has  conducted  a  series  of  ex- 
periments in  order  to  study  the  method  of  Cr£d6  on  the  sterilization  of 
catgut  by  means  of  silver  salts.  These  experiments  tend  to  show  the 
reliability  of  catgut  sterilized  in  this  way,  and  his  conclusions  are  borne 
out  clinically  by  Pilcher.  C.  Stich15  advocates  sterilization  with  silver 
nitrate,  which  he  has  used  for  three  years  with  perfect  satisfaction. 
The  catgut  is  placed  from  fifteen  to  thirty  minutes  in  a  1  per  cent, 
alcohol-ammoniacal  solution  of  silver  nitrate  and  protected  against 
light.  The  gut  is  then  washed  in  alcohol  and  exposed  to  sunlight  in  a 
sterile  cylinder.  It  is  finally  stored  in  a  10  per  cent,  solution  of 
glycerin  in  alcohol. 

Kangaroo  Tendon. — Kangaroo  tendon  is  a  strong  ligature  material 
which  can  be  sterilized  in  the  same  way  as  catgut.  It  is  questionable, 
however,  whether  it  has  any  advantages  over  chromicized  catgut.  It 
has  been  very  extensively  used  by  Coley  and  others  in  operations  for 
hernia  and  also  in  suturing  bone.  It  is  not  absorbed  so  quickly  as  cat- 
gut, and  can  be  made  to  remain  unabsorbed  longer  by  chromicizing  it. 

Silk  is  the  oldest  and  has  been  the  most  extensively  employed  of  all 
suture  and  ligature  materials.  Although  in  recent  years  it  has  been 
altogether  given  up  by  many  surgeons,  there  are  others  who  still  con- 
sider it  the  safest  and  best  material.  Among  its  advantages  are  the 
ease  with  which  it  can  be  procured  and  carried  about,  the  readiness  with 
which  it  can  be  sterilized  by  boiling,  and  the  fact  that  it  does  not  swell 
or  irritate  the  tissues  when  left  in  a  wound.  Another  marked  advantage 
is  that  the  knot  of  a  silk  ligature  seldom  slips.  It  may  be  bought  in  the 
form  of  twisted  or  braided  silk.  Many  operators,  especially  ophthalmol- 
gists,  prefer  to  use  black  silk,  as  the  sutures  are  more  readily  seen  and 
more  easily  removed.  Before  being  used  it  should  be  boiled  in  a  1  per 
cent,  carbonate  of  soda  solution.  One  great  objection  to  silk  is  the 
fact  that  it  is  not  absorbed,  and  this,  to  my  mind,  is  a  very  serious 
objection,  and,  excepting  on  rare  occasions  in  intestinal  work,  I  never 
use  it.  In  infected  wounds  or  wounds  where  infection  may  be  expected 
and  drainage  is  employed,  silk  is  distinctly  contraindicated,  as  it  is  very 
apt  to  keep  the  sinus  open  for  months  and  years,  until  finally  the  liga- 
ture is  discharged  or  removed.  Where  it  gives  rise  to  no  trouble  it 
becomes  encapsulated  in  the  tissues.  In  intestinal  work  the  use  of 
silk  has  been  largely  superseded  by  that  of  celluloid  thread. 

Celluloid  thread,  also  known  as  Pagenstecher  thread,  is  made  by 
impregnating  linen  thread  with  celluloid.  It  is  very  flexible,  does  not 
become  tangled  so  easily  as  silk,  and  is  especially  useful  as  the  outer, 
or  " serous,"  suture  in  intestinal  anastomoses.  It  can  be  sterilized 
by  boiling  in  a  1  per  cent,  carbonate  of  soda  solution. 

Silkworm-gut  is  made  from  the  silk-producing  glands  of  the  silk- 
worm, which  is  killed  just  when  it  is  ready  to  spin.  Silkworm-gut  is 
probably  the  best  suture  material  we  have  for  closing  the  external 
wound;  it  is  non-absorbable,  is  very  easily  sterilized  by  boiling,  is 
non-irritating  to  the  tissues,  and  its  stiffness  may  be  overcome  by 


602 


SURGICAL   TECHNIC. 


soaking  it  in  hot  sterile  water  or  salt  solution.  It  should  not  be  used 
as  a  buried  suture. 

Horsehair  is  still  used  as  a  suture  material,  especially  in  the  approxi- 
mation of  the  skin.  It  is  a  very  good  suture  material  for  this  purpose, 
but  has  not  the  strength  of  silkworm-gut.  It  is  readily  sterilized  by 
boiling. 

Silver  wire  is  a  very  old  suture  material,  but  at  the  present  time, 
outside  of  bone-work,  it  is  not  generally  employed.  The  silver  is  sup- 
posed by  some  to  possess  an  antiseptic  quality,  but  this  quality  is  out- 
weighed by  its  non-absorbability.     In  certain  bone-work  it  is  indis- 


Fio.  100. — Interrupted  Suture. 


Wo.  191. — Continuous  Suture. 


pensable,  but  care  should  be  taken  in  inserting  it  to  see  that  it  is  not  too 
tense,  else  the  slightest  movement  of  the  part  will  result  in  breaking 
the  suture. 

Aluminum  bronze  has  recently  been  quite  extensively  employed 
in  bone-suture,  and  possesses  the  advantage  of  being  ultimately 
absorbed.  This  material  and  silver  wire  can  be  readily  sterilized  by 
boiling. 

The  Tying  of  Sutures  and  Ligatures.— It  is  undoubtedly  true 
that  much  of  the  suppuration  which  formerly  followed  operations  was 
the  result  of  too  tight  constriction  of  tissues  by  ligatures  and  sutures, 


Fia.  192. — Incorrect  Way  to  Suture  a 
Curved  Incision.     (Van  Schaick.) 


Fig.  193. — Correct    Way    to    Suture     a 
Curved  Incision.     (Van  Schaick.) 


and  this  fault  can  be  primarily  traced  to  the  inclusion  of  too  much 
tissue  in  a  ligature  or  suture.  The  tendency  of  the  present  day  is  not 
to  ligate  large  masses  of  tissue,  but  rather  to  put  on  a  number  of  liga- 
tures, or  to  tie  only  the  bleeding  points.  The  old  "  through-and-through" 
suture  passed  through  all  the  coats  of  the  abdominal  wall  in  order  to 
approximate  the  deeper  structures  had  to  be  tied  so  tightly  that  they  con- 
stricted too  much  the  skin  and  superficial  tissues.  This  resulted  in  cutting 
and  pressure  necrosis.  The  absence  of  stitch  abscesses  in  present-day 
surgery  is  not  entirely  due  to  greater  aseptic  care,  but  is  largely  due  to 
the  approximation  of  deeper  tissues  in  their  several  anatomic  planes  or 
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layers  with  absorbable  sutures,  and  the  gentle  approximation  of  super- 
ficial tissues.  The  skin  forms  no  part  of  the  strength  of  a  wound,  such 
as  that  in  the  abdominal  wall,  and  consequently  a  gentle  approximation 
is  all  that  is  necessary;  when   this  is  exceeded,  the   resistance  of  the 


^ 
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Flo.  194. — Relaxation  Suture. 

tissues  to  infection  is  very  much  lessened  through  interference  with  the 
blood-supply. 

The  best  knot  to  employ  in  the  ligation  of  tissue  and  in  the  insertion 
of  sutures  is  the  ordinary  reef  or  flat  knot.  Care  should  be  taken,  espe- 
cially in  the  use  of  catgut,  to  see  that  the  first  knot  has  not  slipped  before 


Fig.   195. — Showing  Direction  of  Sutures  in  Wound  Com b in i no  Straight  Lines,  Angles, 
and   a  Curved  Line.     (After  Van  Schaick.) 

the  second  knot  is  tied.  Figs.  196  and  198  show  the  various  methods 
of  knotting  ligatures  and  sutures.  Care  should  be  taken  to  approximate 
the  edges  evenly.  This  can  be  done  only  by  seeing  that  the  needle 
emerges  from  one  edge  of  the  wound  and  enters  the  other  at  the  same 
distance  from  the  surface.  The  direction  in  which  the  suture  is  placed 
will  also  affect  the  closure,  as  is  well  shown  in  Fig.  195. 


Fio.  196. — Varieties  op  Knots. 
a.  Surgeon's  knot;  6,  reef  or  flat  knot;  c,  granny  knot. 

The  use  of  the  subcuticular  suture  is  due  to  Halsted,  who  introduced 
this  method  of  skin  approximation  with  the  idea  of  avoiding  contact  of  the 
thread  with  the  superficial  layers  of  the  skin,  in  which  the  Staphylococcus 
epidermidis  albus  had  been  shown  by  Welsh  to  be  so  constantly  found. 
At  the  present  time,  however,  it  has  been  pretty  clearly  shown  that  the 
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greatest  benefit  of  this  method  of  closing  the  wound  lies  in  the  cosmetic 
result,  and  for  this  reason  it  should  be  thoroughly  understood  and 
employed  wherever  the  least  possible  scar  is  desired,  as,  for  instance,  on 
the  face  and  neck.  Whenever  a  subcuticular  stitch  is  employed  for 
closing  the  skin,  a  subcutaneous  suture  of  catgut  should  be  introduced, 


Fig.  197. — Method  or  Tying  a  Continuous  Suture, 


which  neatly  approximates  the  superficial  fascia.  If  this  subcutaneous 
suture  is  not  introduced,  there  will  ultimately  be  considerable  spreading 
of  the  scar.  Wherever  possible,  this  method  of  wound  closure  should 
be  employed  on  exposed  parts.  The  method  of  introducing  the  suture 
is  shown  in  Fig.  383,  p.  718,  Vol.  III.  Either  catgut,  silkworm-gut,  or 
silver  wire  may  be  used. 


Fio.  198. — Method  of  Approximating  Fascia  with  Continuous  Suture.     (Brickner.) 

After  a  silkworm-gut  or  silver  wire  subcuticular  suture  has  been 
introduced,  it  should  be  moved  back  and  forth  several  times  through 
the  tissues  so  as  to  render  its  subsequent  removal  easy.  Sometimes 
there  are  twists  or  kinks  in  it  which  render  the  removal  difficult,  and 
these  should  be  straightened  out  at  the  time  of  introduction. 


MATERIALS    EMPLOYED.  605 

Needles  vary  greatly  in  size  and  shape.  A  needle  should  always 
make  a  sufficient  opening  in  the  tissues  to  allow  the  suture  material 
to  follow  it  easily.  In  delicate  structures,  like  the  mucous  membrane 
and  peritoneum,  a  round  needle  does  much  less  damage  to  the  tissue  and 
there  is  less  likelihood  of  tearing  when  the  suture  is  tied  than  when 
needles  with  cutting-edges  are  used.  The  Hagedorn  needle  requires  a 
particular  forceps  for  its  use,  and  has  the  objection  of  making  a  much 
larger  opening  in  the  tissue  than  is  necessary  for  the  passage  of  the 
suture.  Richter's  needle  forceps  is  one  of  the  best  for  universal  use. 
The  forceps  which  I  nearly  invariably  use  is  a  device  of  Dr.  F.  O.  Allen. 
It  consists  of  a  small  hemostatic  forceps,  the  serrations  of  one  blade 
having  been  obliterated.  This  makes  a  short  forceps,  which,  we  think, 
gives  a  much  better  control  of  the  needle  than  does  the  longer  variety. 
Needle-forceps  are  innumerable  in  variety,  and  each  surgeon  has  his 
individual  preference. 


Fig.  199. — Richter's  Needle-holder.     (Fowler.) 

Removal  of  Sutures. — When  a  suture  has  served  its  purpose,  that 
of  approximating  the  tissues  until  union  occurs,  it  should  be  promptly 
removed.  It  is  often  necessary  to  remove  stitches  before  healing 
occurs,  because  of  tension  or  infection.  Most  of  the  infections  that  occur 
are  superficial,  and  when  the  skin  stitches  are  removed  and  the  wound 
properly  dressed,  infection  is  overcome  and  the  wound  heals  by  granula- 
tion without  any  disturbance  of  its  deeper  layers.  One  of  the  great 
advantages,  therefore,  of  introducing  the  sutures  in  layers  is  that,  in 
case  infection  does  occur,  the  superficial  stitches  can  be  removed  with- 
out interfering  with  the  strength  of  the  wound  closure.  In  an  ordinary 
wound  the  stitches  are  removed  anywhere  from  the  fifth  to  the  tenth 
day.  The  removal  of  sutures  to  the  lay  mind  is  always  supposed  to 
be  a  painful  operation.  This  is  t\\e  result  of  experiences  during  the 
preantiseptic  period,  when  silk  and  silver  wire  were  extensively 
employed,  and  when  inflammation  in  the  wounds  and  stitch  abscesses 
were  common.  There  is  no  reason  why  the  removal  of  properly  applied 
sutures  should  be  painful.  Fig.  200  shows  the  method  of  removing  a 
suture.  It  should  be  slightly  drawn  up  out  of  the  tissues  and  cut  close 
to  the  skin,  in  order  to  avoid  the  dragging  of  the  dry  portion  of  the 
suture  through  the  tissues,  and  the  suture,  if  it  is  of  silkworm-gut,  should 
then  be  withdrawn  in  the  same  direction  it  occupies  in  the  wound.    If  it  is 
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drawn  out  at  a  different  angle,  it  is  apt  to  give  rise  to  some  pain.  As 
a  rule,  the  stitch  should  be  grasped  at  right  angles  and  rolled  out  by  a 
circular  motion.  The  reinsertion  of  sutures  occasionally  is  necessary 
for  the  closure  of  a  granulating  wound.  These  can  usually  be  introduced 
with  but  little  pain  if  a  sharp  needle  is  used,  and  one  which  is  larger  than 
the  suture  material,  or  the  skin  along  the  suture  line  may  be  infiltrated 
with  Schleich's*  fluid.  The  removal  of  a  non-absorbable  subcuticular 
suture  (Fig.  201)  is  accomplished  by  first  withdrawing  one  end  a  short 
distance  and  cutting  it  off  close  to  the  wound;  the  other  end  of  the  suture 
is  then  grasped  firmly  with  a  hemostatic  forceps  and  quickly  withdrawn, 
the  wound  being  supported  by  pressure  with  the  hand.  The  forceps 
grasping  the  suture  should  not  be  turned  at  right  angles  to  it  or  it  will 
cut  the  suture. 


Fia.  200. — Removal  or  a  Suture.       Fia.  201. — Removal  or  a  Subcuticulab  Suture. 

Dressings. — The  dressing  most  extensively  used  in  surgery  to-day 
is  made  from  ordinary  cheese-cloth.  This  cheese-cloth,  or  gauze,  should 
be  boiled  in  a  1  per  cent,  solution  of  carbonate  of  soda  to  remove  the 
sizing  and  increase  its  power  of  absorption.  The  gauze,  which  is  put 
up  by  the  various  surgical  manufacturing  companies,  however,  has 
already  been  put  through  this  process.  Before  operation  the  gauze 
should  be  cut  and  folded  into  various  shapes,  to  be  used  both  for  sponges 
and  dressings.  Care  should  be  taken  that  the  frayed  edge  of  the  gauze, 
after  the  selvage  is  cut  off,  be  folded  into  the  center  of  the  dressing,  so 
that  there  is  no  chance  for  loose  threads  of  the  gauze  to  be  left  in  the 
wound.  Having  prepared  a  proper  number  of  pads  for  dressings  and 
sponges,  a  certain  number,  carefully  counted,  should  be  wrapped  securely 
in  towels  or  pieces  of  muslin  and  sterilized  in  an  autoclave  under  pres- 
sure. In  a  private  house  this  gauze  can  be  boiled  or  baked  in  an  oven. 
The  plain  sterile  gauze  put  up  by  the  various  reliable  manufacturing 
chemists  can  generally  be  relied  upon  for  subsequent  dressings,  but 
for  use  during  the  operation  and  for  the  primary  dressing  it  should  be 
resterilized.  For  sponges  and  for  drains  this  gauze  should  invariably 
be  resterilized.  Medicated  dressings,  such  as  boric-acid  gauze,  bichlorid 
gauze,  etc.,  possess  little  or  no  bactericidal  power,  and  cannot  be 
relied  upon.  One  form  of  medicated  gauze  which  is  an  exception  to 
this  rule  is  the  iodoform  gauze.  Iodoform  is  only  mildly  bactericidal, 
and  certain  organisms  can  live  in  its  presence;  therefore,  when  iodoform 
gauze  is  used,  it  should  be  made  from  iodoform  which  has  been  sterilized, 
or  it  should  be  sterilized  after  it  is  made.  It  may  be  made  as  follows: 
Four  ounces  each,  by  weight,  of  iodoform,  glycerin,  and  alcohol  and 
5  grains  of  corrosive  sublimate  are  well  mixed  and  allowed  to  stand  for 


MATERIALS    EMPLOYED.  607 

three  days.  Moist  sterile  gauze  is  then  saturated  with  the  emulsion, 
allowed  to  drip  until  almost  dry,  and  is  then  kept  in  sterilized  covered 
glass  jars.  Another  satisfactory  method  is  to  place  the  gauze  in  the 
following  mixture:  Iodoform,  1  pound;  glycerin,  1  pint;  boiling  water, 
2  pints;  Castile  soap,  enough  to  saponify.  The  iodoform  is  first  sterilized 
under  five  pounds  pressure  for  half  an  hour.  The  other  ingredients 
are  sterilized  by  boiling. 

Cotton  is  indispensable  in  surgery,  and  can  be  easily  sterilized  by 
dry  heat  under  pressure. 

Many  other  materials  have  been  and  still  are  being  used  for  dressing 
in  cases  where  there  is  marked  suppuration  or  the  discharge  from  wounds 
is  excessive.  Moss,  oakum,  and  excelsior  are  materials  which  can  be 
used  for  this  purpose  and  can  be  readily  sterilized.  It  is  so  seldom 
necessary  to  use  large  dressings  and  to  change  them  frequently  that 
there  is  little  use  for  these  materials,  but  where  they  are  called  for, 
they  will  be  found  satisfactory. 

Sponges. — Sea  sponges  were  formerly  used  extensively  in  surgery, 
#but  at  present  they  are  never  used.  Sponges  should  be  made  of  gauze 
folded  into  square  pads  or  made  into  balls,  with  the  selvage  turned  into 
the  center.  Long  sponges  for  walling  off  portions  of  the  abdominal 
cavity  can  be  made  in  various  sizes  and  lengths.  Each  should  have 
attached  to  it  a  6-  or  8-inch  tape  which  can  protrude  from  the  wound 
and  be  caught  with  a  hemostatic  forceps. 

Some  surgeons  prefer  the  use  of  large  square  gauze  pads  with  a  tape 
attached  to  one  corner.  Personally,  I  have  found  the  long,  narrow 
gauze  packs  to  be  more  serviceable,  as  they  can  be  passed  through  a 
smaller  wound  and  more  easily  removed.  One  of  the  great  dangers  of 
using  sponges  in  the  abdominal  cavity  is  the  possibility  of  neglecting 
to  remove  them.  In  the  ordinary  abdominal  operation  there  is  little  dan- 
ger, but  in  extensive  operations,  where  there  is  bleeding  or  where  there 
is  a  quantity  of  pus,  as  in  an  extensive  peritonitis,  it  becomes  an  easy 
matter  to  overlook  a  gauze  sponge.  The  most  careful  count  should  be 
kept  by  the  nurse  of  the  number  of  sponges  of  each  kind  employed  in  the 
operation,  and  these  should  all  be  accounted  for  before  the  wound  is  closed. 
In  addition  to  this  the  surgeon  and  his  assistants  should  watch  carefully 
the  disposition  of  each  sponge  placed  in  the  abdomen.  My  own  rule  is 
never  to  leave  in  the  abdomen  for  a  moment  a  sponge  that  has  not 
attached  to  it  a  tape  which  protrudes  from  the  wound  and  to  which  is 
applied  a  hemostatic  forceps.  It  is  only  by  developing  a  careful  technic 
and  a  thorough  organization  of  assistants  that  these  accidents  can  be 
avoided.  The  same  careful  count  of  instruments,  especially  of  the 
hemostats,  should  be  kept. 

Drains  and  Protectives. — Glass  drainage-tubes  are  not  so  exten- 
sively used  as  formerly,  but  occasionally  are  indicated  in  abdominal 
work.  They  can  be  easily  sterilized  by  boiling.  Great  care  should  be 
employed  in  the  placing  of  these  glass  drains,  as  by  pressure  they  may 
possibly  produce  ulceration  and  necrosis.  It  is  but  seldom  that  a 
glass  drainage-tube  is  indicated.     Rubber  drainage-tubes  are  still  used 
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very  extensively,  though  gauze  drains  have  taken  their  place  to  a  great 
extent.  The  rubber  drainage-tubes  can  be  sterilized  by  boiling  just 
prior  to  operation.  A  combination  of  gauze  and  rubber  drainage  can 
be  employed,  the  tube  being  split  from  end  to  end  in  a  spiral  manner, 
and  the  gauze  placed  inside  it.  Another  form  of  drainage  very  much 
like  this  is  made  by  folding  the  gauze  into  the  required  size  and  sur- 
rounding it,  excepting  at  the  two  extremities,  with  gutta-percha  tissue. 
Smaller  drains  of  this  kind  are  also  referred  to  as  cigarette  drains. 
Von  Mikulicz  used  a  bag  of  gauze  in  which  were  placed  strips  of 
iodoform  or  other  gauze,  to  which  a  thread  or  tape  was  attached  to 
facilitate  their  subsequent  removal.  Gauze,  where  applicable,  is 
undoubtedly  the  best  drain  which  we  have,  as  it  readily  drinks  up  any 
secretion,  and  liberates  it  through  capillary  attraction.  Many  surgeons, 
notably  Moynihan  and  Murphy,  prefer  rubber  tubes  to  the  gauze  drains. 
Occasionally,  as,  for  instance,  in  operations  for  empyema,  a  rubber 


Fio.  202.— I  and  2,  Gauze  rolled  loosely  in  rubber  tissue  ("cigarette"  drains);  3,  rubber  tube 
in  spiral  shape  and  surrounding  strips  of  gauze;  4,  split  rubber-tube  drain;  5,  6,  7,  8,  gauze  packs 
and  drains  of  different  widths  and  lengths. 

drainage-tube  is  indispensable.  Where  we  use  a  rubber  drain  a  large- 
caliber  tube  should  be  employed,  otherwise  it  becomes  blocked  with 
blood-clot  or  thick  pus  and  does  not  perform  its  function.  Where  a 
rubber  or  glass  drainage-tube  stays  in  the  wound  for  any  length  of  time, 
it  should  be  occasionally  moved,  so  as  to  prevent  the  openings  in  it 
from  becoming  blocked  with  granulation  tissue. 

It  is  important  in  using  rubber  or  glass  drainage-tubes  to  see  that 
there  is  no  possibility  of  the  tube  slipping  entirely  in  or  out  of  the 
wound.  Most  of  the  glass  tubes  are  flanged  at  the  top,  which  prevents 
their  slipping  into  the  wound,  and  the  dressing  prevents  their  slipping 
out.  With  rubber  tubes  a  safety-pin  should  be  passed  through  them  or 
they  should  be  sutured  to  the  edge  of  the  wound.  Neglect  of  this 
precaution  sometimes  produces  very  troublesome  complications.  I 
have  seen  a  long  rubber  drainage-tube  removed  from  a  chest  cavity  nine 
months  after  operation  for  empyema.  The  tube  disappeared,  and  it 
was  supposed  that  it  had  slipped  out  of  the  wound  and  been  lost,  while, 
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as  a  matter  of  fact,  it  had  been  improperly  secured  and  had  slipped  into 
the  pleural  cavity  and  there  remained  until  removed  at  a  subsequent 
operation.  One  of  the  chief  objections  to  gauze  drainage  is  the  pain 
which  accompanies  its  removal.  In  taking  out  a  gauze  drain  it  should 
first  be  carefully  separated  from  the  edges  of  the  wound,  as  at  this  point 
it  is  most  adherent.  It  should  also  be  thoroughly  saturated  with  warm 
salt  solution.  Where  difficulty  and  force  are  anticipated  in  the  removal 
of  a  gauze  drain  or  pack,  it  is  far  better  to  remove  it  gradually  after 
thoroughly  saturating  it  with  salt  solution,  taking  several  days  for  the 
removal,  or  else  to  give  the  patient  an  anesthetic.  We  have  used 
chloride  of  ethyl  anesthesia  for  this  purpose  with  the  greatest  satis- 
faction. The  patient  is  quickly  anesthetized,  and  recovers  conscious- 
ness within  a  few  minutes  after  the  removal  of  the  gauze.  Where 
another  gauze  drain  is  to  take  the  place  of  the  one  which  is  removed,  it 
should  be  prepared  and  ready  for  insertion  before  the  original  drain 
is  removed;  if  this  rule  is  not  followed,  the  operator  will  sometimes  have 
difficulty  in  inserting  the  new  drain,  as  the  tissues  quickly  contract, 
especially  in  the  case  of  a  recent  wound. 

The  sterilization  of  rubber  tissue  or  gutta-percha  tissue,  rubber  dam, 
and  oiled  silk  is  accomplished  by  soaking  them  in  a  bichlorid  solution 
(1:1000)  for  thirty  minutes.  Cargile  membrane,  which  is  made  from  the 
peritoneum  of  the  ox,  and  sometimes  employed  to  prevent  adhesions, 
is  supplied  by  the  manufacturer  in  an  aseptic  condition.  Silver-foil 
can  be  sterilized  with  dry  heat. 

Bandages. — The  bandages  employed  in  surgery  at  the  present  time 
are  either  made  of  muslin  or  gauze.  The  gauze  bandages  are  put  up 
and  sold  by  the  various  manufacturers,  each  bandage  being  wrapped  in 
thin  paper.  Such  bandages  are  the  best  for  applying  dressings  to  the 
head  and  for  wounds.  On  the  trunk,  however,  and  in  fracture  dress- 
ings, the  gauze  bandage  has  no  place.  On  the  trunk,  they  are  apt  to 
become  rolled  up  into  cords,  which  are  uncomfortable  to  the  patient, 
and  in  the  dressing  of  fractures  they  are  too  soft  to  give  much  support 
and  do  not  exert  an  even  pressure.  Muslin  bandages  have  been  used 
for  all  time  in  surgery.  These  can  be  easily  made  by  cutting  the 
unbleached  muslin  in  strips  of  varying  widths — from  six  to  eight  yards 
in  length.  The  selvage  should  be  cut  off  and  the  frayed  edges  removed; 
the  bandage  can  then  be  rolled  on  an  ordinary  bandage-roller.  These 
bandages  are  also  manufactured  and  are  perfectly  satisfactory. 

Plaster-of-Paris  Bandages. — These  are  made  by  impregnating 
starch-stiffened  crinolin  gauze  of  large  mesh  with  plaster-of-Paris.  Care 
should  be  taken  to  see  that  the  gauze  is  stiffened  with  starch,  and  not 
with  dextrin  or  glue,  as  the  latter  retards  the  setting  of  the  plaster. 
The  crinolin  gauze  is  cut  in  strips  of  varying  widths  from  two  to  four 
inches  and  four  yards  long;  these  are  then  rolled  loosely  over  a  smooth 
surface,  the  plaster  being  rubbed  into  the  meshes  as  the  bandage  is 
rolled.  The  bandage  having  been  thoroughly  impregnated  with  the 
plaster,  it  is  handled  as  little  as  possible.  It  may  be  rolled  in  tissue- 
paper  and  should  be  kept  in  a  dry  place.  When  needed  for  use,  the 
vol.  v— 39 
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bandage  is  placed  standing  on  end  in  a  basin  containing  enough  water  to 
cover  the  entire  bandage,  and  it  should  remain  in  the  water  until  the  air 
in  it  has  escaped,  as  can  be  told  by  the  cessation  of  bubbles.  It  is  then 
squeezed  firmly  in  the  hand  and  is  ready  for  application.  The  part  to  which 
a  plaster  bandage  is  to  be  applied  should  be  protected  by  either  a  flannel 
or  a  lint  bandage,  or  by  flannel  or  cotton  undergarments.  Cotton  pad- 
ding should  be  used  to  protect  the  bony  prominences  from  pressure. 
When  applied  to  the  trunk,  allowance  should  be  made  for  respiration 
and  the  changes  in  the  size  of  the  abdomen;  this  can  be  done  by  placing 
a  folded  towel  underneath  the  bandage  or  shirt,  it  being  withdrawn 
after  the  plaster  has  been  applied.  Where  swelling  of  the  part  is  to  be 
expected,  as  in  a  compound  fracture  or  in  operations  upon  the  bones 
of  the  extremities,  I  have  found  it  a  good  plan  to  cut  the  plaster 
dressing  just  before  it  sets.  The  part  should  be  held  in  the  desired 
position  until  the  plaster  has  completely  set.  It  is  unnecessary  to  rub 
into  the  plaster  dressing  large  quantities  of  thick  cream  made  from  the 

plaster;  it  adds  to  the  neat  appearance 
of  the  dressing,  it  is  true,  but  it  also 
adds  to  its  weight. 

The  removal  of  a  plaster  dressing  is 
often  a  troublesome  procedure,  but  can 
be  greatly  facilitated  by  cutting  the 
plaster  before  it  sets,  as  already  sug- 
gested. There  are  a  number  of  plaster- 
cutters  on  the  market  which  greatly 
facilitate  the  removal  of  this  dressing. 
application  of  spica  of  Hips.         Where  these  are  not  to  be  had,  a  sharp, 

thick-bladed  knife  is  of  greatest  advan- 
tage. At  the  time  the  plaster  is  applied  a  rope  or  a  triangular  rubber 
strip  may  be  placed  under  the  plaster,  along  the  line  where  it  is  to  be 
cut;  the  rope  or  rubber  is  removed  after  the  dressing  has  set,  and  the 
blade  of  a  scissors  can  easily  be  passed  into  the  space  thus  made.  A 
good  way  to  facilitate  the  removal  of  a  cast  is  to  place  under  the  cast, 
where  the  line  of  incision  will  be  made,  a  strip  of  lead  or  zinc  about 
i  inch  wide.  The  plaster  can  then  be  cut,  and  the  lead  or  zinc  strip 
protects  the  patient.  The  strip,  if  previously  anointed  with  vaselin, 
can  be  readily  withdrawn  without  any  disturbance  of  the  cast.  Bechtol1* 
removes  his  casts  by  cutting  them  with  Gigli  saws;  in  the  leg,  for  instance, 
a  saw  is  applied  all  the  way  down  the  front,  another  down  the  back  as 
far  as  the  heel,  and  a  third  along  the  sole  of  the  foot.  When  the  plaster 
is  dry,  it  is  cut  through  its  entire  length,  anteriorly,  posteriorly,  and 
along  the  sole  of  the  foot,  with  the  saws.  This  makes  two  lateral 
splints  of  the  cast. 

Silicate  of  soda  makes  a  very  good  firm  dressing,  especially  useful 
in  fractures,  but  has  several  disadvantages.  In  the  first  place,  it  is 
heavy,  unless  a  very  thin  dressing  is  applied,  and  in  the  second  place, 
it  takes  a  long  time  for  hardening  or  setting,  which  is  a  great  disadvan- 
tage in  treating  recent  fractures.     In  the  later  stages  of  the  fracture, 
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after  the  fragments  have  become  more  or  less  fixed,  it  is  a  very  useful 
and  convenient  dressing.  Silicate  of  soda  can  be  bought  in  thick 
solution,  which  requires  dilution  with  water  in  order  that  it  may  be 
taken  up  by  the  bandages.  The  dressing  may  be  applied  in  two  ways: 
first,  ordinary  muslin  bandages  are  soaked  in  the  solution  for  a  number 
of  hours,  preferably  twelve,  until  they  have  become  thoroughly  sat- 
urated; they  are  then  applied  just  as  the  plaster-of-Paris  bandage  is 
applied,  and  with  the  same  precautions  as  to  pressure.  The  part  should 
be  kept  perfectly  quiet  until  the  dressing  has  completely  set.  On  damp 
days  the  setting  may  not  be  complete  in  twenty-four  hours.  The 
second  method  of  applying  the  dressing  is  that  of  encircling  the  part 
with  the  muslin  bandage  without  saturating  it  in  the  solution,  and  then 
applying  the  thick  solution  with  a  brush  over  the  bandage.  Gauze 
bandages  may  also  be  used  in  this  way. 

Adhesive  plasters  have  been  used  for  a  long  time  in  surgery,  but 
the  old  plasters  required  heating  in  order  to  develop  the  adhesive 
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quality.  These  plasters  were  followed  by  the  rubber  adhesive,  which 
is  used  to-day.  Recently,  the  rubber  adhesive  plaster  has  been  improved 
by  the  addition  of  zinc  oxid,  which  renders  it  much  less  irritating  to 
the  skin  than  the  plain  rubber  plaster,  and  it  is  not  more  expensive. 
This  "Z.  0."  adhesive  plaster  can  be  bought  in  wide  rolls  or  on  tin 
spools;  the  latter,  excepting  for  hospital  work,  are  probably  the  most 
convenient.  They  can  be  bought  in  widths  varying  from  \  inch  to  3 
inches,  and  in  lengths  of  5  or  10  yards.  Adhesive  plaster  is  indispen- 
sable in  surgical  work.  It  is  one  of  the  best  means  we  have  of  fixing 
a  dressing  so  that  it  does  not  become  displaced.  The  strips  may 
be  applied  transversely,  vertically,  or  diagonally.  When  but  one 
dressing  is  needed,  the  plaster  can  be  applied  directly  across  the  dress- 
ing; if,  however,  it  is  desired  to  change  the  dressing  frequently,  then 
the  plaster  strips  are  attached  to  the  sides  of  the  abdomen,  the  ends 
folded  over,  perforated,  and  threaded  with  a  tape;  these  tapes  are  then 
tied,  as  shown   in  Fig.   204.     A  strip  of  adhesive  plaster  2  inches 
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wide  across  the  abdomen  is  a  great  support  to  the  wound  during  the 
postoperative  period.  I  have  found  it  especially  advantageous  in 
hernia  operations,  as  it  prevents  the  slipping  up  of  the  dressing  and 
exposure  of  the  wound.  The  strip  should  start  between  the  trochanter 
and  crest  of  the  ilium,  and  pass  directly  across  to  the  opposite  side. 
In  fractures  the  adhesive  straps  are  very  useful  for  keeping  the  splints 
and  pads  in  place.  In  fractures  of  the  ribs  the  adhesive  strips  alone 
constitute  the  dressing.  Strips  of  adhesive  plaster  are  far  more  satis- 
factory than  pins  for  keeping  a  bandage  in  proper  position  on  an  extrem- 
ity. Dr.  C.  L.  Leonard17  has  had  made  an  adhesive  plaster  which  is 
adhesive  on  both  sides.  It  can  be  readily  seen  that  in  some  cases  this 
is  very  advantageous:  if  the  plaster  is  sterile,  it  can  serve  the  double 
purpose  of  closing  the  wound  and  keeping  the  dressing  in  place. 


Fia.  205. — Paquelin'b  Thermocautery.     (Fowler.) 
A,  Hollow  handle  containing  absorbent  cotton,  saturated  with  benzin;  B,  removable  cap;  C* 
connecting  tubing;  D,  rubber  bulb;  K,  secondary  bulb  guarded  by  netting;  F,  alcohol  lamp  and  cap; 
G,  knife-shaped  cautery  point;  II,  pointed  cautery  point;  I,  dome-shaped  cautery  point;  J,  extension 
attachment  to  be  used  with  the  shorter  cautery  points. 

Lilienthal18  has  strongly  advocated  the  use  of  sterile  zinc  oxid 
adhesive  plaster  in  the  approximation  of  the  skin  edges.  The  ordinary 
adhesive  plaster  cannot  be  sterilized  after  it  is  made,  but  several  of  the 
manufacturers  produce  a  reliable  sterile  article.  If  the  wound  is  closed 
with  a  subcutaneous  suture,  the  skin  can  be  approximated  as  closely 
with  this  plaster  as  with  a  subcuticular  stitch.  In  removing  these  strips 
of  adhesive  plaster  care  should  be  taken  to  support  the  wound  with 
one  hand  and  to  remove  the  plaster  by  drawing  it  from  each  end 
toward  the  line  of  incision. 

Sand-bags  are  an  essential  in  certain  surgical  procedures.  In 
operations  on  the  skull  and  on  the  bones  of  the  extremities  a  firm 
sand-bag,  about  12  inches  square  and  3  inches  thick,  is  desirable  In 
operations  on  the  gall-bladder  a  sand-bag  under  the  spine  brings  the 
ducts  within  easy  access.  The  sand-bag  should  be  covered  with  a 
rubber  cloth  to  keep  the  sand  dry.  If,  in  spite  of  this,  the  sand  should 
become  moist,  it  can  be  dried  out  in  an  oven. 
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Thermocautery. — The  Paquelin  cautery  is  often  necessary  in 
surgical  work,  especially  in  operations  about  the  rectum  and  mouth. 
Many  surgeons  also  use  it  to  cauterize  the  stump  of  the  appendix.  The 
cautery  should  always  be  tested  some  time  before  the  operation,  in  order 
to  make  sure  that  it  is  working  properly.  The  tip  should  be  heated  over 
an  alcohol  or  gas-flame  until  it  becomes  a  dull  red;  then  the  benzin 
vapor  should  be  forced  through  by  pressure  on  the  rubber  bulb  until  the 
tip  is  a  bright  red.  Care  should  be  taken  not  to  pump  too  much  air 
into  the  rubber  reservoir  or  it  will  burst.  An  occasional  pressure  on 
the  bulb  is  all  that  is  necessary  to  keep  the  tip  at  the  proper  temperature. 
If  it  should  go  out,  it  will  be  necessary  to  reheat  it  at  the  lamp.  A  dull 
red  heat  is  the  proper  heat  at  which  to  use  the  cautery.  Where  ether 
is  the  anesthetic  employed,  care  should  be  taken  to  keep  the  cautery 
well  away  from  the  ether  vapor,  and  always  above  the  level  of  the  ether 
apparatus,  as  the  vapor  of  ether  is  heavier  than  air  and  falls.  After 
using  the  cautery  it  should  be  heated  to  a  white  heat  in  order  to  sterilize 
it,  and  then  allowed  to  cool  slowly. 

Hypodermic  Syringe. — A  sterile  hypodermic  syringe  should 
always  form  a  part  of  the  paraphernalia  of  any  operation.  It  may  be 
used  for  inducing  local  or  regional  anesthesia  or  for  the  administration 
of  drugs.  This  is  another,  instrument  which  should  always  be  carefully 
tested  before  the  operation  to  see  that  it  is  in  working  order,  and 
especially  that  the  needle  is  patulous  and  that  there  is  no  leakage. 
When  a  hypodermic  syringe  is  used  for  the  purpose  of  giving  a  drug, 
it  should  be  inserted  entirely  through  the  skin  into  the  subcutaneous 
tissues.  If,  on  the  contrary,  it  is  used  for  injecting  an  anesthetic 
solution,  it  should  simply  enter  the  skin  so  that  when  the  fluid  is  injected 
a  welt  is  raised  along  the  line  where  it  is  desired  to  make  the  skin  incision. 
If  a  patient  is  conscious,  he  should  always  be  informed  that  the  needle 
is  about  to  be  injected,  or  else  he  is  apt  to  make  a  sudden  movement 
which  will  break  the  needle.  A  very  good  hypodermic  syringe,  the 
barrel  and  piston  of  which  are  entirely  made  of  glass,  can  be  had,  and 
is  especially  useful  in  surgical  work.  There  is  no  doubt  that  the  pro- 
fession has  become  entirely  too  lax  in  the  use  of  hypodermic  syringes, 
since  occasionally  very  serious  infections  occur  from  a  want  of  proper 
aseptic  precaution.  Fatalities  have  occurred  after  these  infections, 
and  if  there  is  the  remotest  possibility  of  such,  there  is  every  reason  why 
the  most  careful  cleansing  of  the  skin  and  of  the  needle  should  be  made. 
Alcohol  is  an  agent  which  can  be  used  on  both  the  skin  of  the  patient 
and  for  sterilizing  the  needle,  and  as  it  is  so  readily  obtained,  there  is 
little  excuse  for  failing  to  carry  out  the  sterilization. 

Aspirators. — Various  types  of  aspirators  are  employed;  as  a  rule, 
the  one  having  the  simplest  mechanism  is  the  best.  Fig.  206  shows 
an  aspirating  syringe  which  is  of  great  advantage  in  removing  fluids 
from  the  different  body  cavities,  such  as  the  gall-bladder,  joints,  the 
pleural  cavity,  etc.  Such  a  syringe  should  always  be  one  which  can  be 
readily  sterilized,  and  as  much  care  should  be  exercised  in  its  use  as 
when   a  complete  operation   is  done     For  diagnostic  purposes  the 
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aspirating  syringe  is  often  used.  The  results,  however,  should  not 
always  be  accepted  as  final,  as  occasionally  the  needle  may  have  not 
only  penetrated,  but  perforated,  the  supposed  body  of  fluid,  or  the 
needle  may  have  become  blocked  with  a  mass  of  tissue. 

Infusion  Apparatus. — In  cases  of  shock,  hemorrhage,  and  occa- 
sionally in  other  conditions,  an  infusion  of  salt  solution  or  other  fluid 
becomes  necessary.  This  fluid  may  be  injected  subcutaneously,  when 
the  operation  is  spoken  of  as  hypodermoclysis;  or  the  fluid  may  be  injected 
directly  into  a  vein.  When  hypodermoclysis  is  employed,  the  site 
usually  chosen  for  the  injection  is  the  tissue  under  the  breast.  Fig.  188 
shows  the  apparatus  in  use.  A  needle  of  good  caliber  should  be 
employed,  and  care  should  be  taken  to  see  that  the  needle  is  introduced 
entirely  through  the  skin  into  the  subcutaneous  tissue.  In  making 
intravenous  injection,  one  of  the  superficial  veins  at  the  bend  of  the 


Fig.  206. — Potain's  Aspirating  Apparatus. 


elbow,  usually  the  median  cephalic,  is  chosen.  First,  the  skin  over- 
lying the  vein  is  thoroughly  cleansed,  a  bandage  is  applied  about  the 
upper  arm,  sufficiently  tight  to  cause  the  veins  to  stand  out  promi- 
nently; the  skin  overlying  the  vein  selected  is  then  incised,  and  the 
vein  thoroughly  exposed.  Two  ligatures  are  placed  around  it,  and  the 
lower  one  tied.  The  upper  one  is  caught  with  a  forceps.  By  making 
traction  on  this  suture  the  escape  of  blood  can  be  prevented  when  the 
vein  is  opened.  The  vein  is  opened  by  pinching  up  a  portion  of  its 
caliber  in  a  small  pair  of  forceps,  and  with  the  scissors  or  knife  making  a 
nick  in  it  sufficiently  large  to  admit  the  cannula  of  the  aspirator.  This 
cannula  should  gradually  increase  in  size  from  its  point  up,  so  that  it 
can  be  made  to  fit  tightly  in  the  opening.  When  this  is  not  the  case, 
it  will  be  necessary  to  have  a  third  ligature  about  the  vein  at  the  point 
where  the  opening  is  made  and  tie  the  cannula  in  position.     A  small, 
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sterile  glass  funnel  connected  with  the  cannula  by  a  sterile  rubber  tube 
is  all  the  apparatus  that  is  absolutely  necessary.  Before  introducing 
the  cannula  into  the  vein  a  little  fluid  should  be  allowed  to  pass  through 
it  so  as  to  prevent  the  introduction  of  air  into  the  vein.  There  has 
been  a  difference  of  opinion  about  the  evils  resulting  from  the  passage 
of  air  into  a  vein.  (See  Air  Embolism,  Vol.  I.)  The  temperature  of  the 
solution  should  be  about  105°  to  110°  F.  when  it  is  poured  into  the 
funnel.  It  loses  some  of  this  temperature,  of  course,  in  passing  through 
the  tube.  The  amount  of  fluid  poured  into  the  funnel  should  be 
carefully  estimated.  When  sufficient  fluid  has  been  introduced,  the 
upper  ligature  should  be  tied  and  the  cannula  withdrawn.  The  wound 
is  then  closed  and  a  sterile  dressing  applied. 

(For  the  use  of  infusion  in  shock,  see  Surgical  Physiology,  Vol.  I, 
p.  88,  also  Wounds  and  Contusions,  Vol.  I.,  p.  942.) 


Fig.  207.— Transfusion  Apparatus  with  Necessary  Instruments,  Ligatures,  etc. 

Direct  Transfusion  of  Blood. — Direct  transfusion  of  blood  is 
not  a  new  operation,  but  it  has  been  revived,  owing  to  the  recent 
advance  in  the  technic  of  vascular  surgery,  largely  through  the  work 
of  Carrell,  Crile,  and  others.  The  difficulty  which  has  always  been  met 
with  in  direct  transfusion  is  clotting  of  the  blood,  either  in  the  vessels 
themselves  or  in  the  tube  or  cannula  which  intervenes  between  the 
vessel  of  the  donor  and  that  of  the  donee.  Crile  has  devised  a  method, 
however,  which  brings  the  intima  of  the  artery  into  contact  with  the 
intima  of  the  vein,  so  that  clotting  does  not  take  place  unless  the  intima 
of  the  vessels  has  been  injured  by  rough  handling.  He  has  shown, 
and  many  other  surgeons  more  recently  have  confirmed  it,  that  patients 
reduced  to  such  a  low  condition  by  the  loss  of  blood  that  any  operation 
would  be  attended  with  grave  risks  may  be  so  improved  by  the  direct 
transfusion  of  blood  from  another  individual  that  the  operation  may  be 
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undertaken  with  impunity.  The  value  of  this  method  has  now  been 
demonstrated  so  satisfactorily  from  a  clinical  point  of  view  by  many 
surgeons  that  it  must  be  looked  upon  not  only  as  a  legitimate  procedure, 
but  one  possessed  of  great  life-saving  possibilities. 

In  Crile's  recent  book  on  "  Hemorrhage  and  Transfusion "  he  gives 
full  details  of  all  his  experimental  work  and  reports  of  his  own  cases 
and  those  of  others.  He  has  shown  conclusively  by  experiments  that 
in  illuminating  gas  poisoning  transfusion  will  give  the  best  results; 
this  statement  is  also  borne  out  by  the  cases  in  which  excellent  results 
have  been  obtained  by  the  transfusion  of  defibrinated  blood.  He 
incorporates  a  number  of  cases  of  hemorrhage  in  typhoid  fever  in 
which  the  lives  of  the  patients  have  been  undoubtedly  saved  by  direct 
transfusion.  In  jaundice  also  and  in  gastric  hemorrhage,  direct  trans- 
fusion seems  to  have  saved  life.  Carrell's  case  of  direct  transfusion 
in  melena  neonatorum  is  given  in  detail.  In  a  private  communication 
Carrell  states  that  he  has  transfused  a  second  baby  two  days  old, 
suffering  from  purpura,  with  the  same  excellent  result. 

One  of  the  objections  to  direct  transfusion  is  the  want  of  affinity 
between  the  bloods  of  certain  individuals.  When  one  blood  is  not 
adapted  to  the  other,  hemolysis  is  the  result,  with  the  development  of 
a  serious  anemia.  Excepting  in  the  extremest  emergencies  the  affinity 
of  the  two  bloods  must  be  determined,  and  this  requires  a  number  of 
hours.  If  hemolysis  is  found  to  take  place  when  the  two  bloods  are 
combined,  another  donor  must  be  chosen.  The  disregard  of  this  rule  of 
determining  the  affinity  of  the  two  bloods  may  result  very  seriously, 
and,  therefore,  except  where  the  donee's  condition  is  extreme  and 
death  imminent,  the  examination  of  the  bloods  should  not  be  omitted. 
A  fatal  case  of  hemolysis  after  transfusion  has  been  reported  by  Pepper 
and  Nesbitt. 

Funke,  who  has  studied  this  question  of  affinity,  shows  that  in  about 
one-half  of  the  cases  the  bloods  are  incompatible.  He  describes  in 
detail  a  test  to  determine  the  adaptability  of  the  donor's  blood. 

The  following  is  a  description  of  Crile's  technic. 

"In  the  clinical  transfusions  we  have  utilized  the  radial  artery  of 
the  donor  and  the  proximal  end  of  any  superficial  vein  of  the  arm  of 
the  recipient.  The  radial  artery  was  chosen  because  it  is  easily  isolated 
and  may  be  readily  adjusted  to  the  position  of  the  vein  of  the  recipient. 
Unless  contraindicated  the  donor  and  the  recipient  are  each  given  a 
hypodermic  injection  of  morphin  twenty  minutes  before  the  transfu- 
sion. Before  they  enter  the  operating  room,  after  their  arms  are 
prepared,  and  for  the  purpose  of  minimizing  the  psychic  factor,  a  nurse 
places  over  their  eyes  a  wet  towel  with  the  diverting  explanation  that 
the  eyes  must  be  protected  from  the  bright  light  to  prevent  headache. 
The  donor  is  placed  upon  an  operating  table  of  the  Trendelenburg  type, 
so  that  should  he  faint  the  head  may  be  readily  lowered.  The  recipient 
is  also  placed  upon  an  operating  table  with  his  head  in  the  opposite 
direction  from  the  donor.  By  the  use  of  an  infiltration  anesthesia  of  0.1 
per  cent,  solution  of  cocain,  about  3  centimeters  of  the  radial  artery  are 
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exposed  and  the  smaller  branches  tied  with  very  fine  silk;  a  Crile  clamp 
is  applied  to  the  proximal  end  of  the  artery  and  the  distal  end  is  ligated; 
the  artery  is  then  divided;  the  adventitia  is  pulled  over  the  free  end  as 
far  as  possible  and  closely  snipped  off;  a  moist  saline  sponge  now  covers 
this  field;  3  or  4  cm.  of  a  superficial  vein  of  the  recipient  are  then 
likewise  freed;  the  distal  part  ligated,  the  proximal  closed  with  a 
Crile  clamp;  the  distal  part  is  divided  with  scissors,  the  adventitia 
drawn  out  as  far  as  possible  and  closely  snipped  off;  the  vessels  are 
then  inspected  and  a  cannula  whose  bore  is  larger  than  the  actual  tissue 
thickness  of  either  vein  or  artery  is  selected  (Fig.  208).  The  vein  may 
then  be  pushed  through  this  tube,  after  which  the  freed 
end  is  turned  back  like  a  cuff  and  snugly  tied  in  the 
second  groove.  During  this  time  the  handle  of  the 
cannula  is  steadied  and  manipulated  by  means  of  a 
forceps.  If  the  artery  is  small  or  atheromatous  and, 
therefore,  firmly  contracted  or  if  it  is  contracted  for 
any  other  reason,  its  lumen  may  be  dilated  by  means  an^tomm^^n8- 
of  a  "mosquito "  hemostat  pushed  into  the  lumen  and  2JJ£  Uwice  actual 
gradually  opened.  The  artery  is  then  drawn  over 
the  vein  and  is  snugly  tied  with  a  small  linen  ligature  in  the  first 
groove.     This  completes  the  anastomosis. 

"The  clamp  is  then  removed  from  the  vein,  afterward  gradually 
from  the  artery,  when  the  blood-stream  will  be  seen  to  pass  from  the 
artery  across  to  the  vein,  dilating  the  latter.  However,  the  exposure 
and  manipulation  of  the  vessels,  especially  the  artery,  causes  sharp 
retraction.  The  artery  may  contract  so  firmly  as  to  obliterate  its 
lumen.  The  constant  application  of  warm  saline  solution  and  protection 
from  the  air  will  help  materially  in  bringing  about  relaxation  and, 
hence,  a  larger  stream  of  blood.  The  pulse-wave  may  be  palpated  in 
the  vein.  It  is  best  to  introduce  the  blood  very  slowly,  watching 
carefully  the  result. 

"From  our  clinical  and  experimental  research  into  the  technic  we 
have  reached  the  following  conclusions:  That  the  vascular  systems  of 
two  individuals  may  be  united  so  that  intima  comes  in  contact  only  with 
intima;  that  this  may  be  accomplished  by  the  Carrell  suture  or  by  a 
special  anastomosis  tube,  which  is  the  method  of  choice;  that  blood  may 
be  transferred  without  clotting;  that  the  use  of  the  radial  artery  of  the 
donor  and  any  superficial  vein  of  the  recipient  yields  the  best  results; 
that  the  operation  may  be  done  painlessly;  that  the  blood  lost  by  the 
donor  is  regained  in  from  four  to  five  days;  that  the  amount  transferred 
is  under  the  immediate  control  of  the  operator;  and  that  the  rate  of 
transference  should  be  carefully  gauged  because  of  the  risk  of  over- 
charging the  pulmonary  circulation." 

J.  A.  Hartwell,  of  New  York,  has  described  a  simple  method  of  blood 
transfusion  without  a  cannula.  His  plan  is  simply  to  insert  the  artery 
into  the  vein  after  first  having  lubricated  the  artery  with  sterilized 
petrolatum.  The  vein  is  made  taut  around  the  artery  by  pressure 
forceps. 
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Both  the  method  of  Crile  and  that  of  Hartwell  have  been  improved 
upon  by  Brewer,  who  recommends  the  use  of  glass  tubes  about  2\  inches 
long,  small  at  one  end,  for  insertion  into  the  artery,  and  large  at  the 
other,  for  insertion  into  the  vein,  and  lined  with  paraffin  (Fig.  209). 
The  length  of  the  tube  and  its  easy  insertion  into  the  vessels  makes  the 
operation  much  simpler  and  easy  of  accomplishment.  I  have  used 
Brewer's  tube  with  the  greatest  satisfaction  in  one  case. 

Another  modification  of  the  Crile  tube  has  been  devised  by  Hep- 
burn. This  would  appear  greatly  to  facilitate  direct  transfusion.  I  am 
inclined  to  think,  however,  that  now  that  we  have  been  shown  that  it  is 
possible  to  do  a  transfusion  with  the  glass  tube,  that  this  will  become  the 
method  generally  used.  A  very  complete  review  of  the  manner  of 
direct  transfusion  has  been  presented  by  Ottenberg,  who  reports  a 
number  of  experiments  and  two  clinical  cases. 

From  the  clinical  cases  reported  it  is  evident  that  direct  transfusion 
is  not  as  successful  where  the  patient  is  suffering  from  serious  septi- 
cemia, pernicious  anemia,  and  leukemia  as  where  it  is  simply  a  case 
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of  the  loss  of  blood.  Even  these  serious  conditions,  however,  are  at 
least  temporarily  benefited,  and  further  work  may  prove  the  results 
to  be  more  permanent.  In  one  of  my  own  cases,  where  a  direct  trans- 
fusion was  done  for  pernicious  anemia,  the  improvement  has  been 
remarkable,  but  it  seems  as  though  the  result  is  not  going  to  be  perma- 
nent. Apparently  the  good  results  which  follow  direct  transfusion  are 
not  entirely  due  to  the  mere  quantitative  or  functional  re-enforcement 
of  the  blood,  but  to  the  stimulating  effect  of  the  transfused  blood, 
especially  upon  the  bone- marrow.  Carnot  has  devoted  considerable 
study  to  this  subject  and  has  conducted  extensive  experiments  upon 
rabbits.  He  believes  the  existence  of  certain  substances  in  the  serum 
of  anemic  animals,  which  he  calls  hemopoietins,  are  supposed  to  stimu- 
late the  bone-marrow  to  increased  reproduction.  The  balance  between 
the  hemolysins  and  the  hemopoietins  is  changed  in  favor  of  the  hemo- 
poietins after  severe  hemorrhage.  He  is  of  the  opinion  that  the  trans- 
fusion of  defibrinated  blood  prepared  by  a  method  which  he  describes 
will  give  as  satisfactory  results  as  direct  transfusion. 
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STUDY  OF  THE  PATIENT. 

Before  undertaking  any  surgical  procedure  a  careful  study  of  the 
patient  and  a  thoughtful  consideration  of  his  personal  and  family  his- 
tory are  necessary.  It  is  important  that  a  habit  be  formed  of  taking  a 
systematic  history  and  making  a  systematic  examination  of  the  patient 
before  operation,  else  one  is  sure  to  have  many  painful  and  humiliating 
surprises.     Such  histories  should  be  filed  and  indexed. 

Temperament,  at  one  time,  was  supposed  to  influence  largely  the 
prognosis.  With  our  increased  knowledge  of  the  causes  of  disease, 
infection,  and  death,  this  factor  of  temperament  has  played  a  less  impor- 
tant part;  nevertheless  experience  teaches  that  temperament  does 
affect  to  some  small  degree  our  results.  A  patient  of  a  hopeful,  sanguine 
temperament  is  much  more  apt  to  aid  our  efforts  and  to  recover  smoothly 
than  one  who  is  melancholic  and  lethargic. 

Obesity  and  plethora  also  influence  the  surgical  prognosis.  Fatty 
tissue  necroses  very  rapidly,  especially  if  it  is  injured  or  constricted, 
and  is  frequently  the  predisposing  cause  of  suppuration.  Fat  embolism 
also  is  more  apt  to  occur  in  these  patients.  Very  stout  patients  take 
an  anesthetic  much  better  than  would  be  expected,  but  rest  in  bed  in  a 
constrained  position  is  very  hard  on  them.  Where  there  is  time,  it  is  far 
better  to  try  to  reduce  the  weight  of  very  obese  patients  before  opera- 
tion. This  is  especially  true  in  cases  of  hernia.  In  plethoric  patients 
there  is  much  more  apt  to  be  a  congestion  of  the  wound  and  a  greater 
tendency  to  inflammation. 

The  habits  of  the  patient  regarding  tobacco,  alcohol,  drugs,  etc., 
should  be  carefully  considered.  Chronic  alcoholism  is  a  decided  contra- 
indication to  any  prolonged  operative  procedure.  It  renders  anesthesia 
more  dangerous,  infection  of  the  wound  is  more  likely  to  occur,  and  the 
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patient  may  develop  delirium  tremens  in  his  postoperative  period. 
Such  patients  are  apt  to  have  bad  kidneys,  and  any  additional  work 
put  upon  them  by  the  anesthetic  may  produce  serious  complications. 
Acute  alcoholism  is  even  more  dangerous.  I  believe  that  in  these 
conditions  where  operation  is  imperative,  it  is  a  good  plan  to  allow  the 
patient  a  moderate  amount  of  alcohol,  as  there  seems  little  doubt  that 
the  complete  cutting  off  of  the  supply  may  produce  a  very  serious 
nervous  condition  and  often  delirium  tremens.  Drug  habits,  such  as 
the  taking  of  morphin  and  cocain,  do  much  to  render  diagnosis  difficult. 
The  patients,  and  sometimes  their  families,  will  endeavor  to  keep  the 
fact  of  such  habit  a  secret  even  when  a  surgical  operation  is  com- 
templated,  whereas  if  it  were  known,  it  would  markedly  influence  the 
treatment.  Drug  habitu6s  are  decidedly  poor  patients,  and  stand 
operative  procedures  badly. 

Heredity  and  Diathesis. — These  undoubtedly  play  a  part  in  the 
prognosis,  although  it  is  very  difficult  to  estimate  their  importance. 
Certain  conditions,  however,  are  undoubtedly  hereditary,  and  for 
statistical  reasons  careful  notes  should  be  made  regarding  the  family 
history.  It  is  well,  in  studying  the  patient,  to  inquire  as  to  whether 
or  not  there  are  "bleeders"  in  his  family,  for  hemophilia  seems  to  be 
hereditary.  A  predisposition  to  tuberculosis  is  certainly  hereditary. 
The  so-called  lymphatic  constitution  is  a  condition  which  appears  to  be 
hereditary.  Such  patients  show  a  marked  tendency  to  enlargement 
and  chronic  inflammation  of  the  lymph-nodes.  The  hereditary  tendency 
to  cancer  has  never  been  actually  disproved,  and  it  is  well  for  us  always 
to  consider  it.  A  gouty  or  rheumatic  diathesis  or  tendency  is  usually 
present  in  patients  who  suffer  from  calculus  formation,  arteriosclerosis, 
and  chronic  nephritis. 

Too  much  attention  cannot  be  given  to  a  study  of  the  patient's 
heart,  blood-vessels,  and  circulation.  Acute  valvular  heart  lesions 
are  a  decided  contraindication  to  a  general  anesthetic.  Chronic  heart 
^esions  are  far  less  dangerous.  Although  patients  with  arteriosclerosis 
stand  operative  procedures  remarkably  well,  there  is  always  a  danger 
of  apoplexy  from  the  strain  put  upon  the  vessel  by  the  anesthetic. 
Sudden  deaths  have  occurred  during  and  after  operation  from  rupture 
of  a  thoracic  aneurysm  which  had  not  been  suspected  before  operation. 
In  the  presence  of  any  serious  lesion  of  the  heart  or  blood-vessels  no 
operation,  unless  absolutely  necessary,  should  be  performed  under  a 
general  anesthetic.  It  is  in  these  cases  that  infiltration  anesthesia  has 
proved  to  be  a  great  boon. 

Acute  lesions  of  the  respiratory  organs,  whether  of  the  upper 
air-passages  or  of  the  lungs,  are  decided  contraindications  to  operations 
under  a  general  anesthetic.  Chronic  lesions  of  the  lung  and  mucous 
membrane  of  the  bronchial  tubes  may  also  be  greatly  aggravated  by 
the  administration  of  a  general  anesthetic.  Old  tuberculous  lesions 
may  be  relighted  under  the  stimulation  of  a  general  anesthetic.  No 
operation  should  be  performed  in  the  presence  of  an  acute  lesion  of  the 
respiratory   tract,   excepting  when   imperative.     Carelessness  in  this 
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regard  is  sure  to  result  in  postoperative  pneumonia  in  a  certain  pro- 
portion of  cases.  Failure  to  examine  the  chest  carefully  in  cases  of 
apparent  acute  abdominal  crises  has  resulted  in  the  performance  of  an 
abdominal  operation  when  the  symptoms  were  due  to  a  beginning 
pneumonia  or  a  diaphragmatic  pleurisy. 

Inflammatory  diseases  of  the  kidney,  whether  acute  or  chronic, 
but  especially  if  acute,  decidedly  influence  the  prognosis  in  surgical 
operations.  The  danger  lies  chiefly  in  the  anesthetic,  and  especially 
in  ether,  which,  being  eliminated  by  the  kidneys,  aggravates  to  a 
marked  degree  the  lesion.  Here  some  means  of  avoiding  a  general 
anesthetic,  and  especially  ether,  should  be  taken.  (See  chapter  on 
Local  and  Spinal  Anesthesia.)  Inquiry  should  be  made  regarding  the 
passage  of  blood  in  the  urine  and  regarding  painful  and  frequent 
micturition.  Diabetes  has  for  many  years  been  looked  upon  as  a 
decided  contraindication  to  operation,  not  only  because  of  the  danger 
from  the  anesthetic,  but  because  suppuration  and  gangrene  are  so 
apt  to  occur  in  the  wound.  We  have  lately  learned,  however,  that 
certain  diabetics  stand  operation  perfectly  well.  Phillips,19  who  has 
studied  this  condition  very  thoroughly,  has  laid  down  the  following 
rules  regarding  operation: 

"A  thorough  examination  of  the  urine  must  be  made  in. all  cases. 
Not  only  the  amount  of  sugar  is  to  be  ascertained,  but  the  presence  or 
absence  of  acetone  or  acid  bodies;  the  ferric  chlorid  reaction  and  Lugol's 
test  should  be  employed  in  every  instance.  The  presence  of  oxybutyric 
acid  is  not  easy  to  demonstrate  or  to  estimate,  save  by  the  polarimeter. 
The  total  amount  of  ammonia  must  always  be  estimated.  No  operation 
save  of  the  extremest  urgency  is  to  be  performed  if  there  is  over  one 
gram  of  ammonia  excreted  in  the  twenty-four  hours  until  this  has  been 
reduced  to  the  normal  amount.  An  operation  should  be  postponed  if 
there  be  aceto-acetic  acid  in  the  urine,  though  the  ammonia  be  not  mark- 
edly increased.  Much  albumin  in  the  urine  is  a  bar  to  operation. 
If  serious  disease  of  other  organs,  such  as  the  liver,  be  present,  an 
operation  should  be  avoided.  Rapid  wasting  in  a  stout  diabetic  not 
obviously  dependent  on  the  surgical  lesion  demanding  treatment  should 
be  a  reason  for  postponing  an  operation  until  the  general  condition  is 
improved.  An  operation  should  be  performed:  (1)  For  malignant 
disease,  if,  apart  from  diabetes,  such  would  be  urged;  (2)  in  the  case  of 
large  abdominal  tumors,  especially  in  females;  (3)  in  diabetics  in  good 
health  without  extensive  arterial  or  nerve  degeneration,  cosmetic 
operations  may  be  performed,  especially  in  females;  and  (4)  an  emer- 
gency operation  is  to  be  undertaken  even  in  the  most  unfavorable 
circumstances,  but  a  very  guarded  prognosis  is  to  be  given.  Save  in 
the  last  category,  if  any  of  the  indications  against  operation  be  present, 
the  operation  should  be  postponed  until  they  are  ameliorated."  I 
have  followed  these  rules  for  a  number  of  years  and  have  been  able  to 
operate  on  many  diabetics  successfully,  whereas  formerly  I  would  have 
declined  to  operate. 

Syphilis,  either  hereditary  or  acquired,  is  capable  of  greatly  inter- 
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fering  with  good  postoperative  results.  If,  however,  we  take  the  pre- 
caution to  give  the  patient  proper  antisyphilitic  treatment  for  some 
time  before  and  after  operation,  the  results  will  be  perfectly  satisfactory. 
Operations,  excepting  those  of  emergency,  are  not  to  be  undertaken  in 
the  primary  or  secondary  stage  of  syphilis.  After  operations  on  syphili- 
tics  it  is  of  the  greatest  importance  to  keep  up  the  antisyphilitic  treat- 
ment. Many  good  operative  results  are  ultimately  spoiled  by  neglect 
of  this  precaution.  The  patient  cannot  be  impressed  too  forcibly  with 
the  necessity  of  carrying  on  his  treatment  after  an  apparent  cure. 

The  existence  of  an  acute  or  subacute  gonorrhea  is  a  decided  contra- 
indication to  operation,  excepting  those  of  absolute  necessity,  since 
infection  of  the  wound  with  the  gonococcus  is  always  a  possibility. 

Tuberculosis. — In  the  absence  of  tuberculous  lesions  in  the  lung 
operations  for  tuberculous  conditions,  generally  speaking,  offer  a 
fairly  good  prognosis.  An  important  part  of  the  treatment  of  tubercu- 
lous lesions,  and  one  which  surgeons  are  apt  often  to  neglect,  is  the 
hygienic  and  dietetic  treatment  of  the  patient  before  and  after  opera- 
tion. Many  recurrences  requiring  repeated  operations  result  from 
neglect  of  this  care.  Tuberculous  patients,  as  a  rule,  stand  prolonged 
surgical  procedures  remarkably  well.  Any  lesion  of  the  lung,  howrever, 
greatly  increases  the  danger  of  operation,  and,  where  it  is  possible,  a 
local  anesthetic  of  some  sort  should  be  employed  in  these  cases. 

Blood. — Examination  of  the  blood  is  absolutely  necessary  in 
certain  surgical  conditions,  and  valuable  information  can  always  be 
obtained  from  such  examination.  It  should  consist  in  the  estima- 
tion of  the  hemoglobin,  a  count  of  the  red  and  white  blood-cells,  and 
a  differential  count  of  the  white  cells.  In  the  presence  of  jaundice  an 
estimation  of  the  coagulation  time  is  also  necessary,  since  in  a  pro- 
longed jaundice  the  coagulability  of  the  blood  is  greatly  reduced,  and 
fatal  hemorrhage  may  be  the  result  of  an  operative  procedure.  Where 
jaundice  is  present,  preparatory  treatment  with  calcium  chlorid  has 
been  recommended  very  strongly  by  Mayo  Robson.20  Thyroid  extract, 
as  pointed  out  by  W.  J.  Taylor,  is  also  an  agent  which  tends  to  prevent 
and  control  hemorrhage,  such  as  occurs  in  the  presence  of  jaundice. 
Anemia,  if  it  is  at  all  marked,  and  especially  if  it  is  due  to  a  condition 
which  the  operation  will  not  remove  or  relieve,  must  be  looked  upon  as 
a  contraindication  to  operation.  It  is  a  condition,  however,  which  can 
be  greatly  benefited  by  treatment  before  operation.  The  value  of  the 
leukocyte  count,  and  especially  the  differential  count,  has  been  clearly 
shown  in  the  chapter  on  The  Examination  of  the  Blood  (Vol.  I.,  p.  126). 
The  estimations  of  the  percentage  of  hemoglobin  necessary  to  render 
an  operation  permissible  have  varied  greatly,  some  authorities  stating 
that  an  extensive  operation  where  the  hemoglobin  is  below  50  per  cent, 
is  extremely  dangerous,  and  when  below  40  per  cent.,  should  not  be 
undertaken  except  in  an  emergency;  others  reduce  these  estimates 
to  40  per  cent,  and  30  per  cent.  As  a  matter  of  fact,  no  absolute  rule 
can  be  laid  down  for  the  guidance  of  the  surgeon.  I  have  performed 
a  successful  hysterectomy  for  fibroids  where  the  hemoglobin  was  below 
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30  per  cent.,  but,  of  course,  it  was  done  for  uterine  bleeding  which 
could  not  be  controlled  by  any  other  means.  Unless  absolutely  neces- 
sary, the  operation  should  be  postponed  in  the  presence  of  a  low  hemo- 
globin until  the  condition  can  be  improved,  as  it  nearly  always  can  be 
by  treatment. 

Acute  Diseases. — Nothing  is  more  important,  especially  in  children, 
than  the  exclusion,  as  far  as  possible,  of  acute  diseases,  such  as  ton- 
sillitis, measles,  diphtheria,  scarlet  fever,  typhoid  fever,  etc.  In 
studying  the  patient,  inquiry  should  always  be  made  as  to  his  recent 
environment,  whether  or  not  he  has  been  in  contact  with  contagious 
diseases,  and  whether  he  has  had  these.  Often  children  are  admitted 
to  the  hospital  for  operation  on  the  day  subsequent  to  their  admission, 
and  on  this  day  they  will  develop  one  of  the  eruptive  fevers  or  some 
other  acute  condition.  It  is  our  rule,  in  children  especially,  to  have  the 
patient  admitted,  not  on  the  day  before  operation,  but  several  days 
before,  so  as  to  avoid  the  possibility  of  an  operation  during  the  incuba- 
tion period  of  these  acute  maladies.  The  taking  of  the  temperature 
for  several  days  previous  to  operation  is  a  good  plan,  and  often  enables 
us  to  avoid  operating  in  the  beginning  of  some  acute  infection. 

Nervous  Diseases. — Operations  in  the  presence  of  insanity  have 
been  considered  at  length  in  Volume  II.  In  such  conditions  as  hysteria 
and  the  various  forms  of  neurasthenia  it  can  be  said  that,  as  a  rule, 
good  results  after  surgical  operations  are  greatly  interfered  with.  To 
undertake  operations  for  the  relief  of  nervous  disorders  of  this  kind 
is  very  questionable,  usually  results  in  disappointment,  and  often  in 
rendering  the  condition  of  the  patient  worse.  The  results  of  opera- 
tions in  the  presence  of  spinal  lesions  and  lesions  of  the  peripheral  nerves 
are  in  no  wise  interfered  with,  unless,  of  course,  the  field  of  operation 
lies  in  an  area  where  already  there  are  trophic  changes,  or  where  there 
is  reason  to  expect  these. 

Alimentary  Tract. — Before  undertaking  any  surgical  procedure  of 
magnitude  the  condition  of  the  alimentary  tract  should  be  carefully 
considered.  A  mouth  containing  decayed  and  unclean  teeth  is  sure 
to  contain  organisms  of  the  greatest  virulence,  and  the  administration 
of  an  anesthetic  under  these  circumstances  may  result  in  a  septic 
infection  of  the  lung,  or,  in  operations  on  the  alimentary  tract  itself, 
in  a  serious  infection  at  the  site  of  the  wound.  The  teeth,  therefore, 
should  always  be  placed  in  good  condition  prior  to  operation.  Any 
complaint  on  the  part  of  the  patient  of  dyspepsia  or  indigestion  should 
be  thoroughly  investigated,  as  an  operative  procedure  on  some  other 
organ  in  the  presence  of  an  ulcer  or  cancer  of  the  stomach  would  not  be 
justifiable  except  in  an  emergency.  A  careful  history  as  to  vomiting, 
especially  the  vomiting  of  blood,  as  to  the  condition  of  the  bowels,  and 
as  to  the  passage  of  bloody  mucus,  should  be  obtained.  One  of  the 
most  important  things  before  any  operation  is  the  thorough  emptying 
of  the  intestinal  tract.  When  this  is  not  done,  there  is  sure  to  be  a 
more  or  less  severe  autointoxication  from  the  intestinal  tract  in  a 
certain  proportion  of  cases. 
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Thyroid. — The  presence  of  a  goiter  should  always  make  us  hesitate 
about  the  performance  of  an  operation,  and  if  the  goiter  is  accompanied 
by  exophthalmos  or  other  indications  of  Graves'  disease,  only  operations 
of  the  most  urgent  necessity  are  to  be  undertaken,  and  then  only  after 
the  dangers  have  been  explained.  Not  only  does  the  danger  result 
from  the  mechanical  interference  with  breathing  and  pressure  on  nerves, 
but  persons  who  are  the  victims  of  thyroid  tumors  often  suffer  from 
severe  shock  for  which  it  is  difficult  to  account. 

Deformities  of  the  chest,  especially  those  the  result  of  disease, 
should  be  carefully  investigated,  as  serious  interference  with  respiration 
during  the  anesthesia  may  result  from  them.  In  such  cases  it  may  be 
advisable  to  employ  a  local  anesthetic. 

PREPARATION  FOR  OPERATION. 

The  preparation  may  be  divided  into  that  of  the  patient,  the  room, 
the  surgeon  and  his  assistant,  and  the  instruments,  dressings,  etc. 

Preparation  of  the  Patient.— In  order  properly  to  study  the  pa- 
tient and  learn  the  condition  of  his  various  organs  it  will  be  necessary 
that  he  be  under  observation  for  several  days  prior  to  operation.  Dur- 
ing this  period  attention  must  be  directed  to  the  correction  of  any 
disordered  function  and  to  the  prevention  of  such  indiscretions  in  diet 
and  behavior  as  may  be  detrimental  to  the  operative  success.  During 
this  period,  as  has  been  already  indicated,  a  careful  examination  of 
heart  and  lungs,  a  chemical  and  microscopic  examination  of  the  urine, 
and  in  certain  cases  an  examination  of  the  blood,  should  be  made. 
Neglect  of  this  rule  may  not  always  result  disastrously,  but  if  it  is 
neglected  habitually,  the  operator  is  sure  to  lose  a  certain  number  of 
cases  from  his  carelessness.  The  time  to  find  out  a  serious  lesion  of  the 
heart  or  kidneys,  for  instance,  is  not  during  or  after  the  operation,  but 
before  it.  To  fail  to  take  the  necessary  precautions  before  operation  is 
to  render  the  operator  liable  for  damages  in  a  court  of  law;  therefore, 
if  for  no  other  reason  than  his  self-protection,  a  surgeon  should  not 
neglect  this  part  of  the  preparation  for  operation.  The  volume  of 
urine  which  the  patient  passes  should  be  measured,  and  the  amount  of 
urea  excreted  also  determined.  It  has  been  shown  by  Da  Costa  that 
in  the  presence  of  a  small  excretion  of  urea  the  danger  of  the  anesthetic 
is  markedly  increased.  During  the  few  days  previous  to  operation 
the  patient  should  partake  of  an  easily  digested  diet,  and  should  exclude 
any  excessive  amount  of  alcohol  or  any  especially  rich  food;  the  bowels 
should  be  opened  thoroughly  at  the  beginning  of  the  preparation,  and 
again  on  the  day  previous  to  operation.  On  the  morning  of  the  day 
of  operation  the  rectum  should  be  emptied  by  an  enema.  The  night 
before  the  operation  the  patient  should  have  a  light,  soft,  easily  digested 
supper,  and,  if  the  operation  is  to  be  done  in  the  early  morning,  nothing 
but  water  should  be  taken  into  the  stomach  after  this  meal.  If,  on  the 
contrary,  the  operation  is  to  be  done  at  midday  or  in  the  afternoon, 
the  patient  can  be  allowed  liquid  nourishment  up  to  within  five  or  six 
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hours  of  the  operation,  and  water  in  moderate  amounts  up  to  within 
an  hour  or  two.  It  is  a  great  mistake  to  withhold  water  in  liberal 
amounts  during  this  period  of  preparation.  If  the  patient  is  able  to 
use  a  commode  or  go  to  the  toilet  prior  to  his  operation,  it  is  well  to  allow 
him  to  do  so.  Many  patients  are  unable  to  void  urine  in  bed,  especially 
when  they  are  nervous  and  worried  about  the  approaching  operation. 
It  is  a  mistake  to  catheterize  these  patients  unless  there  be  some  special 
reason  for  doing  so.  They  should  be  allowed  to  rise  and  empty  the 
bladder. 

During  the  preparation  period  the  patient  should  be  thoroughly 
protected  by  warm  clothing  from  drafts  and  cold  atmospheres.  It  has 
long  been  a  custom  in  many  hospitals  to  remove  all  the  patient's  clothing 
on  his  admission  and  dress  him  in  a  suit  of  cotton  pajamas  or  simply 
a  muslin  night-shirt  with  trousers,  and  allow  him  in  these  thin  clothes 
to  move  about  the  wards.  This  is  not  what  the  patient  has  been 
accustomed  to  do,  and  it  is  a  mistake  to  expose  him  in  this  way.  He 
should  either  be  kept  in  bed,  or  else  dressed  in  warm  clothes  if  he  is  to 
be  up  and  about. 

Frequently  patients  are  in  a  nervous  state  prior  to  operation,  and 
are  unable  to  sleep.  When  this  is  the  case,  unless  there  is  some  special 
contraindication,  some  mild  hypnotic,  like  the  bromids,  trional,  veronal, 
or  sulphonal,  should  be  given,  so  as  to  give  the  patient  sleep  and  rest 
on  the  night  before  the  operation. 

During  this  preparatory  period  the  patient's  pulse,  temperature, 
and  respiration  should  be  taken  at  regular  intervals,  at  least  twice  a 
day.  As  many  of  the  lung  infections  and  infections  of  the  gastro- 
intestinal tract  can  be  traced  to  the  mouth,  it  is  important  that  the 
condition  of  the  mouth  should  be  investigated,  and  dirty  or  decayed 
teeth  cleaned  or  repaired.  A  daily  warm  bath  should  also  be  given,  and 
the  condition  of  the  patient's  scalp  investigated  and  corrected,  especially 
in  children  of  the  poorer  classes,  in  whom  parasitic  diseases  of  the 
scalp  are  so  common. 

Preparation  of  the  Field  of  Operation. — The  elaborate  prepara- 
tion of  the  field  of  operation  which  was  employed  a  few  years  ago  has 
been  replaced  by  a  much  simpler  and  just  as  satisfactory  a  technic.  In 
addition  to  a  general  warm  bath  on  the  night  before  operation,  the 
field  of  operation,  which  should  include  all  parts  which  by  any  chance 
may  be  exposed  during  the  operation,  should  be  shaved  in  case  any 
hair  is  present,  and  should  be  scrubbed  for  ten  minutes  with  a  soft 
brush  or  with  a  gauze  sponge,  using  tincture  of  green  soap.  Formerly 
many  surgeons  applied  a  green-soap  poultice  which  was  allowed  to 
remain  for  a  number  of  hours,  but  this  is  unnecessary  unless  the  skin 
is  especially  dirty  or  very  thick.  The  application  of  such  a  poultice 
often  produces  a  dermatitis,  and  thus  thwarts  the  very  object  for  which 
it  was  employed.  In  children,  especially,  because  of  their  delicate  skin, 
the  application  of  a  moist  bichlorid  dressing  for  any  length  of  time  is 
contraindicated,  and  in  very  old  and  feeble  patients  it  should  not  be 
used  because  of  the  danger  of  exposure.  After  having  scrubbed  the 
vol.  v — 40 
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field  thoroughly  with  warm  water  and  green  soap,  alcohol  (75  per  cent.), 
benzin,  or  ether  should  be  applied  for  the  purpose  of  removing  all  grease 
from  the  skin.  Of  these  three  agents,  personally  I  prefer  alcohol. 
Following  this  the  field  should  be  scrubbed  for  four  or  five  minutes 
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with  bichlorid  solution  1  :  2000,  after  which  a  dry  sterile  gauze  dressing 
should  be  applied  over  the  whole  area  and  firmly  fixed  with  a  bandage. 
It  was  formerly  the  invariable  custom  to  apply  a  moist  bichlorid  dressing 
and  leave  it  in  position  all  night;  this,  however,  I  believe  to  be  unneces- 
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sary,  and  when  it  is  used  about  the  trunk,  that  it  not  only  makes  the 
patient  uncomfortable  and  disturbs  his  sleep,  but  it  may  be  the 
means  of  chilling  his  body  and  exposing  him  in  this  way  to  cold.  On 
the  morning  of  the  operation  the  dry  dressing  is  removed  and  the 
previous  preparation  repeated.     At  this  time,  however,  if  it  is  desired, 
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a  moist  bichlorid  dressing  may  be  applied  and  allowed  to  remain  until 
the  patient  is  placed  upon  the  operating  table.  Where  the  operation 
is  to  be  done  upon  the  hands  or  feet  of  laborers,  or  those  who  are  accus- 
tomed to  work  in  oil  or  grease,  the  immediate  preparation  for  operation 
should  be  preceded,  where  time  is  allowed,  by  prolonged  soaking  of  the 
part  in  hot  soapsuds,  or  a  green-soap  poultice  may  be  applied  for  some 
time.  Although  the  scalp  often  requires  repeated  preparation,  care 
should  be  taken  not  to  apply  very  strong  antiseptic  solutions  for  any 
length  of  time,  as  irritation,  especially  of  a  scalp  which  is  unaccustomed 
to  cleansing,  is  apt  to  result. 

Some  years  ago  Murphy,21  of  Chicago,  advised  the  use  of  an  adhesive 
rubber  dam  as  a  protection  to  the  patient's  skin  in  operating.  The 
dam  was  applied  over  the  field  of  operation,  and  the  incision  made 
through  it  just  as  if  it  were  one  of  the  component  parts  of  the  skin.  He 
writes  me  now,  however,  that  he  has  given  this  up  and  is  using  a  solution 
of  4  per  cent,  by  weight  of  gutta-percha  in  acetone,  only  the  resinoid  of 
the  gutta-percha  being  dissolved.  This  leaves  a  thin  coating  of  rubber 
on  the  skin.  He  states  that  for  a  long  time  he  used  it  on  his  hands 
also,  but  that  it  finally  produced,  through  an  erroneous  addition  of 
formalin  by  the  manufacturer,  an  eczema,  since  when  he  has  been 
unable  to  use  it  even  without  the  formalin  on  account  of  the  irritation. 
It  does  not  in  any  way  affect  the  patient's  skin,  and  Murphy  thinks 
that  it  entirely  does  away  with  the  danger  of  infection  from  this  source. 

Emergency  Preparation. — It  often  becomes  necessary  to  operate 
in  emergencies  when  there  is  little  time  for  preparation  either  of  the 
patient  or  of  the  field  of  operation.  In  certain  cases,  for  instance, 
where  profuse  hemorrhage  is  taking  place,  either  concealed  or  open, 
it  is  often  a  difficult  question  to  decide  how  much  time  to  devote  to 
preparation.  If  a  general  anesthetic  is  to  be  used  in  such  a  case,  the  prep- 
aration of  the  field  of  operation  can  usually  be  done  while  the  patient  is 
taking  the  anesthetic,  and  in  this  way  no  time  is  lost.  Where  there  is 
every  evidence  of  severe  hemorrhage,  the  first  indication  is  to  arrest  the 
bleeding,  and  this  should  be  done  as  speedily  as  possible.  If  the 
bleeding,  howrever,  is  taking  place  slowly,  the  additional  ten  minutes 
required  for  the  proper  preparation  of  the  skin  is  probably  well  employed 
in  this  way,  and  may  save  the  patient  a  possible  fatal  infection.  It 
can  readily  be  seen  that  in  a  stab-wound  of  the  heart  or  of  a  large  vessel 
the  patient  might  easily  bleed  to  death  while  the  field  of  operation  is 
being  prepared.  In  such  cases  as  these  the  operation  should  be  pro- 
ceeded with,  and  after  the  hemorrhage  is  controlled,  an  antiseptic  of 
some  kind,  preferably  bichlorid  of  mercury  solution,  1  :  2000  to  1  :  4000, 
should  be  used  in  and  about  the  wound.  In  other  words,  an  antiseptic 
instead  of  an  aseptic  operation  is  done.  Also  in  these  cases  the  appli- 
cation of  a  moist  bichlorid  dressing  to  the  wound  after  it  is  closed  is 
good  practice.  There  are  few  instances,  excepting  where  hemorrhage 
is  present  or  respiration  is  obstructed,  in  which  operation  without  some 
preparation  of  the  field  is  justifiable.  I  believe  that  not  infrequently 
the  mistake  is  made  of  making  an  emergency  out  of  certain  surgical 
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lesions  where  operation  might  easily  be  postponed  until  the  patient 
could  be  removed  to  proper  environment  and  some  preparation  for  it 
made.  A  few  hours  often  make  very  little  difference  in  the  result,  and 
the  observation  and  the  better  study  of  the  case  which  can  be  made  in 
this  time  will  frequently  throw  considerable  light  on  the  case,  and 
possibly  alter  one's  view  regarding  the  lesion  itself.  Notwithstanding 
all  these  facts,  it  is  often  necessary  to  operate  at  once,  and  when  this 
is  the  case,  the  field  of  operation  can  be  shaved  and  prepared  as  already 
described,  while  the  patient  is  being  anesthetized,  if  there  be  not  suffi- 
cient time  to  do  it  before.  If  it  is  desirable  that  the  bowels  should  be 
moved,  a  high  enema  can  be  given,  and  this  will  usually  result  in  the 
complete  evacuation  of  the  rectum. 

Probably  one  of  the  most  common  conditions  demanding  prompt 
operative  interference  and  emergency  preparation  is  obstruction  of  the 
bowels.  A  patient  suffering  from  this  condition  will  often  have  fecal 
vomiting,  and  it  is  a  good  plan  to  wash  out  the  stomach  before  oper- 
ating. This  serves  three  purposes — that  of  preventing  the  possibility 
of  the  patient  drowning  in  his  own  vomit  during  or  after  the  anesthesia, 
of  lessening  the  likelihood  of  pneumonia  due  to  inspiration  of  vomited 
material,  and  of  rendering  postoperative  vomiting  much  less  likely. 
Too  much  stress  cannot  be  laid  upon  the  advantages  of  gastric  lavage 
in  these  cases. 

Where  it  becomes  necessary  for  any  reason  to  operate  in  improper 
surroundings,  as  for  bleeding  or  obstruction  of  the  respiratory  tract, 
no  formal  operative  procedure  is  justifiable;  the  operator  should  go 
only  so  far  as  to  render  his  patient  safe  for  transportation  to  proper 
surroundings.  When  one  is  likely  to  be  called  upon  to  treat  emergen- 
cies, especially  injuries,  he  should  always  have  at  hand  a  bag  with 
properly  sterilized  instruments,  dressings,  and  appliances.  This  bag 
should  be  reserved  for  emergencies  and  not  used  for  regular  dressings, 
or  else  important  articles  are  sure  to  be  missing  when  most  urgently 
needed.  This  will  obviate  greatly  the  danger  of  infection  and  greatly 
increase  the  surgeon's  usefulness  in  such  emergencies. 

In  an  emergency  operation,  if  there  is  no  way  or  opportunity  of 
sterilizing  instruments  by  means  of  heat,  they  can  be  placed  in  a  carbolic 
solution  or  in  pure  alcohol.  If  sterile  catgut  sutures  are  not  at  hand, 
ordinary  silk  or  linen  thread  may  be  boiled  and  used.  Dressings  can 
usually  be  prepared  by  boiling  linen,  such  as  shirts,  sheets,  or  handker- 
chiefs, or  cheese-cloth  while  the  operation  is  in  progress,  or  these 
materials  can  be  soaked  in  a  bichlorid  or  carbolic  solution.  A  sufficient 
number  of  towels  and  sheets  should  also  be  sterilized  by  soaking  in 
these  solutions.  In  the  absence  of  proper  assistants  as  quick  and 
concise  instruction  as  possible  should  be  given  to  some  intelligent 
layman  regarding  the  help  expected  of  him,  and  he  should  be  par- 
ticularly instructed,  after  the  sterilization  of  his  own  hands,  regard- 
ing the  necessity  of  avoiding  the  handling  of  anything  not  already 
sterilized. 

A  surgeon  should  never  lose  sight  of  the  fact  that  with  an  operation 
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performed  in  a  properly  arranged  hospital  operating  room  and  under 
thorough  aseptic  conditions,  although  it  may  be  performed  a  few  hours 
later  than  one  could  be  performed  under  far  less  satisfactory  circum- 
stances, the  patient's  chances  of  recovery  are  far  better.  One  should  not, 
therefore,  make  the  mistake  of  considering  many  of  the  inflammatory 
lesions  of  the  abdomen,  thorax,  and  cranium  emergency  cases,  and 
operate  upon  them  under  unfavorable  surroundings  unless  the  condition 
of  the  patient  truly  indicates  them  to  be  such. 

Dressing  and  Transporting  of  Patients. — The  greatest  care 
should  be  exercised  to  avoid  exposure  and  chilling  of  the  patient  during 
the  few  hours  preceding  operation,  during  transportation  to  the  operat- 
ing room,  and  more  especially  during  and  after  operation.  The  parts 
that  are  not  involved  in  the  field  of  operation  should  be  warmly  clothed; 
the  patient's  legs  and  feet  should  be  covered  by  Canton  flannel  or  woolen 
leggings  or  pajamas,  and  the  entire  body  wrapped  in  several  blankets. 
The  head  should  also  be  hooded  in  a  light  blanket  during  transportation 
through  passageways  and  in  elevator-shafts.  This  protection  should 
be  kept  up  during  the  administration  of  the  anesthetic,  and  when  the 
patient  is  placed  upon  the  operating  table  it  should  not  be  neglected. 
It  is  too  often  the  custom  in  abdominal  operations  to  keep  only  the  legs 
of  the  patient  wrapped  in  a  blanket,  allowing  the  chest  to  be  absolutely 
exposed  to  air  and  fluids  which  too  soon  become  cool.  A  light  blanket 
or  woolen  shirt  should  always  encase  the  chest.  The  blanket  which  is 
over  the  lower  extremities  should  come  up  as  high  as  possible  without 
interfering  with  the  field  of  operation.  In  other  words,  only  so  much  of 
the  patient  should  be  exposed  on  the  operating  table  as  is  positively 
necessary.  Various  methods  of  keeping  the  patient  warm  on  the 
operating  table  have  been  devised:  Crile's  hot-water  mattress  is 
shown  in  Fig.  253,  p.  938,  Vol.  I.  Other  surgeons  have  their  tables 
heated  by  electric  lights  which  are  distributed  on  the  under  surface  of 
the  table.  Personally,  I  believe  that  if  the  patient  is  properly  prepared 
beforehand,  and  if  the  surgeon  and  his  assistants  are  careful  not  to 
allow  the  clothing  to  become  saturated  with  fluids,  there  will  be  no 
necessity  for  any  of  these  specially  devised  tables.  If,  or\  the  contrary, 
it  is  the  custom  with  the  surgeon  to  use  large  quantities  of  fluids,  then 
some  such  method  of  heating  the  table  is  of  great  value. 

CHOICE  AND  PREPARATION  OF  OPERATING  ROOM. 

In  building  an  operating  room  in  a  hospital  three  things  should  be 
kept  in  mind:  (1)  A  good  supply  of  light;  (2)  having  the  room  well 
separated  from  the  wards  and  patients'  rooms;  and  (3)  communicating 
dressing  rooms  for  the  surgeons  and  nurses  and  etherizing  rooms  for 
the  patients.  In  addition  to  this  a  most  valuable  adjunct  is  a  recovery 
ward,  where  patients  are  allowed  to  recover  from  their  anesthetic  before 
being  removed  to  the  wards:  of  course,  this  is  unnecessary  where 
patients  are  returned  to  private  rooms.  The  sterilizing  room  and 
the  instrument  room  should  also  be  close  to  the  operating  room.     An 
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overhead  light  from  a  skylight  well  protected  from  breakage  by  a  wire 
screen  under  it  is  much  to  be  preferred  to  side  lights.  The  skylight  and 
the  wire  protection  should  be  easily  accessible  for  the  purpose  of  cleaning, 
and  should  be  cleaned  at  frequent  intervals.  If  there  is  a  good  skylight, 
side  lights  are  not  necessary,  but  are  often,  especially  in  perineal  work, 
a  great  convenience.  Ample  arrangements  should  be  made  also  for 
artificial  light,  and  for  this  purpose  electricity  is  much  to  be  preferred,  as 
it  is  much  less  dangerous  and  much  cleaner  than  gas.  Various  methods 
of  lighting  an  operating  room  artificially  are  employed.  The  best  light 
is  obtained  from  an  overhead  collection  of  incandescent  lights.  Such 
lights  should  be  easily  reached  and  be  cleaned  each  day  to  protect  the 
field  of  operation  from  falling  dust.  Reflected  light  is  also  employed 
in  some  operating  theaters.  The  light  is  directed  against  a  mirror 
which  throws  it  onto  the  field  of  operation.  Another  method  is  to 
have  lights  placed  at  different  points  around  the  room,  with 
metallic  reflectors  behind  them.  None  of  these  methods,  however, 
compares  in  satisfaction  writh  the  overhead  light,  and  their  only  advan- 
tage over  the  latter  is  the  fact  that  they  cannot  in  any  way  infect  the 
wound.  If  care  is  taken,  however,  the  chances  of  infection  from  an 
overhead  light  can  be  reduced  to  practically  nothing.  It  is  well  to  have 
some  substitute  to  fall  back  upon  in  case  of  failure  of  the  electricity. 
I  have  known  of  two  instances  in  a  suburban  hospital  where  the 
electric  lights  failed  in  the  midst  of  an  abdominal  operation.  The  best 
substitute  for  electricity,  in  case  there  are  no  gas-fixtures  in  the  room, 
is  simply  a  collection  of  candles,  which  can  be  congregated  on  a  board, 
and  this  can  be  held  in  different  positions.  Kerosene  lamps  are  dan- 
gerous and  often  result  in  serious  accidents.  Candles  should  always 
be  at  hand  ready  for  use  in  case  of  emergency. 

Fig.  212  shows  an  arrangement  of  an  operating  room,  dressing 
rooms,  etherizing  rooms,  etc.,  which  is  convenient  in  a  hospital.  (See 
also  the  chapter  on  the  Surgical  Organization  of  a  Hospital.) 

The  choice  of  an  operating  room  in  a  private  house  is  often  easy 
from  necessity,  but  the  preparation  is  always  unsatisfactory.  The 
advantages  of  operating  in  a  well-appointed  operating  room  in  a  hospital 
are  innumerable,  and  no  operation  of  magnitude  should  be  done  in  a 
private  house  unless  from  absolute  necessity.  Even  in  apparently 
simple  operations  there  often  arise  emergencies  when  one  wishes  for  the 
conveniences  and  resources  of  a  modern  operating  room.  If  the 
surgeon  could  always  know  exactly  what  he  was  going  to  do,  and 
exactly  what  emergencies  and  dangers  would  arise,  probably  operations 
in  private  houses  would  be  more  satisfactory,  but  this  he  can  never 
know,  and  consequently  wrhen  operating  in  private  houses  he  naturally 
meets  with  disappointments  and  is  unable  to  do  as  satisfactory  work 
as  he  could  under  proper  environment.  It  is  not  only  in  behalf  of 
the  surgeon,  but  much  more  in  behalf  of  the  patient,  that  this  plea  for 
the  hospital  operating  room  is  made.  The  public  should  be  educated 
to  the  idea  that  a  surgeon  does  far  better  work,  and  is  much  better 
equipped  for  the  emergencies  which  may  arise  in  even  the  simplest  opera- 
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tion,  when  operating  in  his  own  hospital  and  surrounded  by  his  cus- 
tomary nurses  and  assistants.  Only  when  absolutely  driven  to  it  by 
the  patient's  serious  condition  should  a  surgeon  be  willing  to  operate  in 
a  private  house  when  a  well-appointed  operating  room  is  at  hand. 
Certain  minor  and  emergency  operations,  however,  must  be  done  in 
private  houses.  The  only  way  to  do  this  satisfactorily  and  successfully 
is  to  make  a  thorough  preparation  for  every  possible  contingency  and 
have  all  needed  trained  assistants.  As  a  matter  of  fact,  most  of  the 
operations  that  are  done  in  private  houses  are  done  with  fewer  assis- 
tants than    are    in    a    hospital,   and    yet    without    any    of   the  con- 
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Fu;.  212.— A  Conveniently  Arranged  Operating  Suite. 

veniences  of  the   hospital.     It   is   not  surprising  under  these  circum- 
stances that  the  work  itself  is  not  so  well  done  nor  the  results  so  good. 

In  choosing  a  room  in  a  private  house  one  should  be  selected  which 
offers  the  best  light  at  the  time  of  day  the  operation  is  to  be  undertaken. 
If  possible  it  should  adjoin,  or  certainly  be  on  the  same  floor  with  the 
patient's  own  room.  If  possible,  the  operation  should  never  be  done  in 
the  patient's  room  unless  he  is  first  moved  out.  All  heavy  hangings, 
pictures,  unnecessary  furniture,  together  with  carpet  and  rugs,  should  be 
removed  from  the  room.  The  walls  should  be  wiped  down  and  the  floor 
scrubbed.    In  an  emergency  it  is  better  not  to  stir  up  a  great  deal  of  dust 
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and  dirt  in  a  room  where  an  operation  is  to  be  done,  unless  there  is  plenty 
of  time  thoroughly  to  clean  it;  therefore,  under  these  circumstances  the 
carpet  should  be  covered  with  sheets  and  the  furniture  wiped  with  a 
wet  cloth.  Occasionally  it  may  be  necessary  to  improvise  an  operating 
table,  and  for  this  purpose  two  small  tables  placed  end  to  end  are  often 
preferable  to  a  longer  table,  such  as  the  proverbial  kitchen  table, 
which  is  recommended,  because  the  latter  is  nearly  always  too  wide  to 
render  handling  of  the  patient  and  the  necessary  operative  manipula- 
tions easy.  Another  simple  method  is  to  place  a  wide  board  from  one 
small  table  to  another.  The  improvised  table  should  be  covered  with 
a  folded  blanket  and  this  covered  by  a  sheet.  A  method  of  improvising 
the  Trendelenburg  table  is  shown  in  Fig.  213.  Numerous  portable 
operating  tables  are  on  the  market.  Finney,  of  Baltimore,  has  devised 
an  operating  trunk  for  operations  in  private  houses,  which  not  only  is 
used  to  transport  instruments,  dressings,  etc.,  but  which  also  can  be 


Fig.  213. — An  Improvised  Trendelenburg  Table  (Brickner.) 


converted  into  a  very  satisfactory  operating  table  (Fig.  214).  In  order  to 
avoid  soiling  and  wetting  of  the  patient  an  ample  amount  of  rubber  mack- 
intosh should  be  provided,  which  can  be  folded  in  such  a  manner  as  to 
confine  the  fluids  and  drain  them  into  a  bucket.  Rubber  pads  are  made 
for  this  purpose,  but  they  are  objectionable  because  of  the  difficulty 
in  keeping  them  thoroughly  clean.  When  used,  they  should  be  scrubbed 
and  sterilized  before  and  after  each  operation. 

In  addition  to  the  operating  table  three  other  small  tables  should 
be  obtained,  scrubbed,  and  covered  with  sterile  sheets.  An  ample 
supply  of  basins,  buckets,  and  pitchers  should  be  at  hand ;  those  which 
are  to  contain  solutions  used  in  the  operation  should  be  first  soaked  in 
a  bichlorid  solution  or  boiled.  Sheets  and  towels  should  also  be  ster- 
ilized by  boiling  or  being  soaked  in  and  wrung  out  of  a  bichlorid  solution 
(1  :  1000).  In  case  instrument  trays  are  not  at  hand,  meat  dishes  or 
soup  plates  can  be  used  for  this  purpose.  They  can  be  readily  sterilized 
by  soaking  in  a  bichlorid  solution.     The  arrangement  of  tables,  instru- 
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ments,  etc.,  should  be  as  much  like  the  operator's  accustomed  hospital 
arrangement  as  possible.  Fig.  224  gives  an  arrangement  which  will 
be  found  satisfactory  in  most  instances. 

The  only  way  thoroughly  to  prepare  for  an  operation  in  a  private 
house  is  to  go  carefully  over  the  various  steps  of  the  operation  before- 
hand and  consider  every  possible  need  and  emergency.  An  ample 
supply  of  hot  water  and  hot  and  cold  boiled  water  should  be  provided. 
One  of  the  last  things  in  the  preparation  is  to  see  that  the  room  is  of 
the  proper  temperature — about  75°  F.  The  possibility  of  obtaining  this 
temperature  should  be  considered  before  deciding  upon  the  room. 


Fig.  214. — Finney'h  Portable  Operating  Table. 


In  operating  in  a  private  house  the  question  of  employing  unskilled 
assistants  often  arises,  and  the  surgeon  should  endeavor  to  choose  one 
or  two  intelligent  persons  who  have  possibly  witnessed  operations  and 
who  are  not  likely  to  lose  their  heads  or  faint  at  the  sight  of  blood. 
Excepting  for  these  chosen  assistants,  the  room  had  best  be  free  of  all 
the  family  and  friends.  The  operator  will  do  better  work  if  they  are 
not  present,  and  there  will  be  much  less  chance  of  wound  infection,  as 
the  average  layman  has  absolutely  no  conception  of  surgical  cleanliness. 
It  is  a  great  mistake  to  allow  members  of  the  patient's  family  or  close 
friends,  unless  accustomed  to  witness  operations,  to  be  present.  The 
6urgeon  who  permits  this  is  sure  to  regret  it.     If  sudden  hemorrhage  or 
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other  accidents  happen,  especially  anesthetic  accidents  requiring  a  cool 
head  and  prompt  action,  the  presence  of  these  friends  or  relatives  is 
the  greatest  drawback;  therefore,  for  the  patient's  own  benefit,  as  well 
as  for  the  surgeon's,  it  is  wisest  to  exclude  them. 

PREPARATION  OF  THE  SURGEON. 

It  must  be  understood  that  the  preparation  required  for  the  surgeon 
is  also  required  in  every  detail  for  the  assistants  and  nurses.  These 
can  infect  a  wound  nearly  as  easily  as  the  surgeon  himself.  A  chain 
is  no  stronger  than  its  weakest  link,  and  a  nurse  who  handles  sponges, 
sutures,  and  ligatures  is  an  important  link  in  the  operative  technic. 
There  has  been  in  recent  years  a  tendency  to  simplify  as  far  as  possible 
the  preparation  of  the  surgeon  for  an  operation,  and  the  complicated 
and  cumbersome  details  that  were  formerly  gone  through  with  have 
now  been  abandoned. 

It  is  important,  in  the  first  place,  that  the  surgeon  should  be  cleanly 
in  all  his  habits  and  dress.  Slovenly  dressing  and  unclean  linen  hardly 
suggest  a  perfect  surgical  technic,  and  it  is  difficult  to  imagine  such  an 
one  performing  an  absolutely  aseptic  operation.  The  surgeon's  hands 
should  always  receive  his  particular  attention.  The  nails  should  be 
cut  short,  and  cracks,  hang-nails,  and  abrasions  should  be  avoided,  as 
they  constitute  a  good  nidus  for  the  development  of  germs.  When, 
for  any  reason,  it  becomes  necessary  to  use  strong  antiseptics  which 
produce  roughening  of  the  skin,  care  should  be  taken  to  wash  the  hands 
in  sterile  water  immediately.  The  combination  which  is  sure  to  produce 
roughening  and  irritation  of  the  hands  is  that  of  blood  and  bichlorid 
solution;  carbolic  acid  and  formalin  solutions  have  much  the  same 
action,  and  should  always  be  washed  off  promptly  with  sterile  water. 
Should  the  hands  become  chafed  or  roughened,  some  bland  hand  lotion 
should  be  thoroughly  applied  at  night,  and,  if  necessary,  a  thin  cotton 
glove  worn  at  night  until  the  condition  is  relieved.  Internes  and 
nurses  whose  hands  are  constantly  in  irritating  antiseptic  solutions 
should  keep  such  a  lotion  in  their  bedrooms  and  use  it  regularly.  The 
habit  of  scraping  the  under  surface  of  the  nail  with  a  sharp  metal 
instrument  for  the  purpose  of  removing  dirt  is  a  mistake,  as  it  keeps  the 
nail  rough  and  makes  a  good  surface  for  the  lodgment  of  dirt.  If  the 
nails  are  kept  short,  nothing  more  need  be  used  for  cleansing  the  under 
surface  than  a  nail-brush  or  an  orange-wood  stick. 

At  the  present  time,  when  automobiles  are  so  commonly  used  by 
those  doing  surgical  work,  the  greatest  care  should  be  exercised  to 
protect  the  hands  from  grease  and  oil,  which  render  them  difficult  of 
sterilization.  By  the  free  use  of  gasolene  or  benzin  most  of  this  oil  and 
grease  can  be  removed.  The  habit  of  wearing  gloves  does  much  to 
protect  the  hands  from  the  ordinary  dirt  and  abrasions  which  accom- 
pany any  mechanical  work. 

Fortunately  for  surgery,  the  day  of  long  hair  and  long  beards  has 
passed,  and  an  operator  should  always  be  careful  not  only  that  his 
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hair  and  his  beard,  if  he  wears  one,  are  properly  trimmed,  but  also  that 
all  skin  which  is  covered  by  hair  is  kept  thoroughly  clean.  The  per- 
spiration which  may  possibly  drop  from  the  head  or  face  is  always  more 
or  less  septic,  and  may  readily  be  the  source  of  wound  infection. 

The  mouth  of  the  surgeon  should  also  be  kept  in  as  cleanly  a  con- 
dition as  possible.  The  teeth  should  be  cared  for  regularly,  and  the 
tonsils  kept  free  from  infection.  Even  in 
dressing  wounds  the  surgeon  is  apt  to  talk, 
and  it  is  often  impossible  to  prevent  the 
escape  of  saliva,  which  may  result  in 
wound  infection.     To  prevent  this  during 


Fig.  215. — Gauze  Mark.     (Moynihan.) 
The  gauze  is  suspended  on  hooks  dependent  from  a  spec- 
tacle frame. 


Fio.  216. — Surgeon  Prepared  for 
Operation  Wearing  the  Spectacle 
Mask.     (Moynihan.) 


the  conduct  of  an  operation  a  mask  of  gauze  may  be  worn  over  the 
mouth,  as  is  shown  in  Figs.  215  and  216. 

The  immediate  preparation  consists,  first,  in  a  change  of  all  the 
outer  clothing,  and  preferably  all  the  underclothing.  Aside  from  the 
cleanliness  of  this  change,  the  comfort  of  the  surgeon  is  to  be  considered. 
This  change  of  clothing  should  also  apply  to  the  nurse.  Nothing  is 
more  uncomfortable  than  to  have  one's  mind  distracted  by  an  uncom- 
fortable collar  or  tight  shoes  while  operating.     Another  great  advantage 
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of  the  change  of  clothing  is  that  when  the  surgeon  is  through  operating 
he  puts  on  clean,  dry  clothing,  and  is  much  less  apt,  in  going  out  into 
the  open  air,  to  catch  cold.  A  change  of  shoes  will  also  be  found  a 
great  convenience,  and  most  surgeons  wear  white  canvas  shoes,  wThich 
are  readily  cleansed.  The  operating  suit  which  is  worn  by  the  surgeon 
and  his  assistants  should  be  made  of  a  heavy,  durable  material,  which 
will  stand  repeated  washings  and  sterilizations.  The  ordinary  white 
linen  trousers  and  shirt  or  a  suit  of  pajamas  may  be  used,  but  a  suit 


Fig.  217. — Sorgeon'h  Operating  Garb.         Fig.  218. — Operating  Garb  for  Nurse. 


made  of  more  durable  material  and  fewer  buttons  is  preferable.  This 
suit  should  not  be  used  in  lieu  of  an  operating  gown  or  apron,  since  it  is 
sure  to  become  contaminated  while  being  put  on  and  during  the  cleans- 
ing of  the  hands.  When  the  sterilization  of  the  hands  is  complete,  a 
sterile  gown  should  be  put  on,  and  preferably  one  with  long  sleeves  over 
which  the  cuff  of  a  rubber  glove  can  be  drawn. 

Preparation  of  the  Hands.— The  preparation  of  the  operator's 
hands  has  received  more  attention  than  any  other  one  point  in  aseptic 
technic,  and  deservedly  so,  for  the  hands  are  the  most  common  source 
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of  wound  infection.  Innumerable  methods  and  solutions  have  been 
employed,  and  at  the  present  time  no  uniform  method  has  been  estab- 
lished. It  is  true,  however,  that  here  again  simplicity  has  supplanted 
to  a  large  extent  complicated  and  cumbersome  procedures.  In  all 
the  many  different  methods  the  mechanical  cleansing  with  clean  warm 
water  and  a  scrubbing-brush  constitutes  the  first  part  of  the  preparation, 
and  in  the  minds  of  most  surgeons  it  is  the  most  important  part.  It  is 
necessary  to  know  how  and  how  long  to  scrub  the  hands.     It  is  per- 


Fig.  219. — Arrangement  roa  Wash-basins  in  Private  Hospitals.     (Kelly  and  Noble.) 
The  basins  are  placed  over  a  large  porcelain  sink  and  filled  with  water  by  means  of  Robb's 
pedals.     Each  basin  swings  in  its  frame,  and  is  emptied  into  the  sink  by  a  light  touch  on  the  rim. 
When  out  of  use  the  basin  and  frame  are  hooked  up  against  the  marble  slab  on  the  wall,  as  shown  on 
the  left. 

fectly  true  that  one  person  may  scrub  the  hands  for  twenty  minutes 
without  getting  them  as  clean  as  another  would  in  ten.  Nurses  and 
assistants  should  all  be  taught  to  scrub  every  part  of  the  hand  and 
forearm,  special  attention  being  devoted  to  the  -nails  and  the  spaces 
between  the  fingers  and  to  the  back  of  the  forearm.  The  posterior 
aspect  of  the  forearm  is  one  which  is  very  commonly  overlooked,  and 
yet  it  is  one  which  comes  in  constant  contact  with  the  sterile  towels 
and  sheets  surrounding  the  field  of  operation.     The  hands  should  be 
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scrubbed  both  in  the  closed  and  open  position,  so  as  to  remove  dirt  from 
all  the  creases.  The  under  surface  of  the  nails  should  not  be  scraped 
with  a  metal  instrument,  but  cleansed  only  with  the  nail-brush  or  a 
sterile  orange-wood  stick.  The  brush  which  is  used  should  not  be  too 
soft  nor  yet  too  hard,  and  its  bristles  should  be  perfectly  even,  otherwise 
they  are  apt  to  cut  the  delicate  skin  between  the  fingers  or  under  the 

nails.  The  brush  should  be  steril- 
ized before  being  used.  It  is  a  great 
mistake  to  use  the  same  brush  in 
preparing  for  an  operation  that  is 
used  for  cleansing  the  hands  after 
ordinary  dressings  or  after  conduct- 
ing operations  in  the  presence  of 
sepsis:  these  latter  brushes  should 
always  be  sterilized  and  kept  in  an 
antiseptic  solution.  A  very  simple 
way  to  avoid  confusing  the  two 
brushes  is  to  use  brushes  with  black 
bristles  for  scrubbing  the  hands  to 
cleanse  them  from  dirt,  and  a  ster- 
ilized brush  with  white  bristles  to 
disinfect  the  hands.  Some  surgeons 
prefer  to  use  gauze  sponges  during  a 
part  of  the  time  devoted  to  the  hand 
sterilization  instead  of  brushes,  and 
no  doubt  if  properly  employed  the 
gauze  accomplishes  the  same  ob- 
ject. I  cannot  believe,  however, 
that  its  use  is  as  effectual  about  the 
nails.  During  the  scrubbing  of  the 
hands  the  surgeon  should  not  handle 
the  spigots  or  drain  plugs.  If  it 
is  necessary  for  him  to  manipulate 
these,  they  should  be  covered  with 
a  sterile  gauze  pad.  In  most  modern 
operating  rooms  the  spigots  and  the 
stops  are  regulated  either  by  the 
foot  or  by  a  lever  which  is  worked 
by  the  knee.  The  water  which  is 
used  should  preferably  be  sterile: 
ordinary  filtered  water,  however, 
which  is  warm,  may  be  employed. 
The  water  should  be  changed  at  least  three  times  during  the  preparation. 
That  soap  is  best  which  is  least  irritating,  and  most  of  the  antiseptic 
soaps  cannot  be  employed  for  any  length  of  time  because  of  their 
irritating  quality.  Tincture  of  green  soap  or  "Ivory"  soap  is  the  least 
irritating  and  answers  every  purpose.  After  all,  it  must  be  remem- 
bered that  it  is  the  soak,  and  not  the  soap,  as  has  been  said  by  a  Scotch 


Fig.  220. — The  Arrangement  of  the  Hand 
Basins  at  Johns  Hopkins  Hospital. 
(Kelly  and  Noble.) 

The  metal  basin  used  by  the  operator  and 
house  staff  is  set  in  a  frame  which  can  be  ele- 
vated as  in  Fig.  219.  The  basin  is  pivoted 
and  easily  lifted  off  from  the  frame  and  put  in 
the  steam  sterilizer  before  using.  Beneath 
this  is  a  second  basin,  a  porcelain  fixture, 
which  is  used  exclusively  by  the  students 
before  making  vaginal  examinations,  etc. 
The  spray  (*)  is  adopted  from  the  Royal 
Victoria  Hospital  operating  room. 
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surgeon,  which  accomplishes  the  object.  Warm  water  softens  the  skin 
and  enables  it  to  be  thoroughly  cleansed. 

The  time  devoted  to  this  mechanical  cleansing  should  be  at  least 
ten  minutes,  and  preferably  fifteen,  and  an  important  point  is  that  the 
time  should  be  divided  equally  between  the  two  hands.  The  time 
devoted  to  this  scrubbing  should  not  be  guessed  at,  but  must  be  accurate. 
I  have  seen  more  than  four-fifths  of  the  time  devoted  to  one  hand. 
Nurses  and  internes,  unless  carefully  watched  and  trained,  are  very 
apt  to  shirk  this  thorough  mechanical  cleansing:  its  importance  should 
be  impressed  upon  them  and  they  should  be  made  to  scrub  as  long  and 
as  carefully  as  the  surgeon  himself.  I  have  often  observed  a  surgeon 
devote  the  requisite  time  and  attention  to  the  scrubbing  of  his  hands, 
and  his  nurse  or  assistant  complete  this  operation  in  one-third  the 
time  and  with  one-third  the  care.  Of  course,  it  is  unnecessary  to  devote 
the  same  amount  of  time  to  the  mechanical  cleansing  of  the  hands 
when  passing  from  one  operation  directly  to  another  unless  the  hands 
have  become  contaminated  during  the  preceding  operation  or  during 
the  interval.  Such  contamination,  however,  unless  carefully  avoided, 
is  apt  to  occur  on  the  part  of  the  assistants  and  nurses. 

Chemical  Sterilization  of  the  Hands. — After  the  proper  mechani- 
cal cleansing,  any  one  of  a  number  of  chemical  methods  may  be  employed 
to  complete  the  sterilization.  The  simplest,  and  that  which  I  can 
heartily  recommend,  is  soaking  the  hands  in  a  60  or  75  per  cent,  solution 
of  alcohol  for  about  five  minutes.  This  may  be  supplemented  by  soaking 
in  a  1  :  2000  bichlorid  solution  for  the  same  time.  The  alcohol,  however, 
is  more  penetrating  and  much  less  irritating  than  the  bichlorid  solution. 

Another  method  of  chemical  sterilization  is  that  of  using  perman- 
ganate of  potash  and  oxalic  acid,  which  had  its  origin  at  the  Johns 
Hopkins  Hospital,  and  was  highly  recommended  for  the  destruction 
of  the  Staphylococcus  epidermidis  albus,  which  proved  to  be  the  organ- 
ism which  most  frequently  caused  wound  infection.  After  scrubbing 
the  hands  they  are  soaked  in  a  saturated  solution  of  permanganate 
which  stains  a  dark  brown;  the  permanganate  is  then  removed  by  wash- 
ing in  a  saturated  solution  of  oxalic  acid.  This  method  is  very  popular, 
but  to  the  skin  of  many  surgeons  the  oxalic  acid  is  quite  irritating. 
This  irritation  may,  however,  be  relieved  by  washing  in  sterile  lime- 
water  after  using  the  acid  solution. 

Yet  another  method  is  the  use  of  a  combination  of  chlorid  of  lime 
and  soda.  A  scant  tablespoonful  of  chlorid  of  lime  is  placed  in  the 
palm  of  the  hand;  to  this  is  added  a  piece  of  sodium  carbonate  about 
the  size  of  a  walnut,  and  sufficient  water  to  make  a  paste.  This  is 
rubbed  into  the  parts  until  the  rough  grains  of  the  chlorid  disappear. 
The  hands  are  then  washed  with  sterile  water. 

An  enormous  amount  of  experimental  work  has  been  done,  and 
innumerable  methods  of  chemical  sterilization  have  been  suggested. 
I  cannot  help  but  feel,  however,  that  the  mechanical  cleansing  is  by 
all  means  the  most  important,  and  that  the  simplest  supplemental 
chemical  sterilization  is  the  best,  and  for  this  purpose  I  recommend 


640  SURGICAL   TECHNIC 

most  heartily  the  alcohol  method.  Among  those  who  have  done  a 
great  deal  of  work  in  this  line  is  Charles  Harrington,22  of  Boston.  A 
solution  which  has  been  extensively  employed,  and  which  is  known  as 
Harrington's  solution,  consists  of  commercial  alcohol,  640  c.c;  hydro- 
chloric acid,  60  c.c;  bichlorid  of  mercury,  8  gm.;  water,  300  c.c.  This 
solution  is  very  actively  germicidal,  but  is  very  irritating  to  some  skins, 
and  for  that  reason  many  surgeons  have  had  to  give  up  its  use.  One 
point  which  Harrington  has  brought  out  is  that,  -after  the  proper 
sterilization  of  the  hands,  the  secretion  of  the  sweat-glands  which  may 
occur  within  a  short  time  is  sterile.  In  a  long  operation,  or  where  the 
hands  perspire  freely,  too  much  confidence  should  not  be  placed  in  this 
demonstration  however,  but  the  hand  should  be  frequently  washed  in 
an  antiseptic  solution  if  no  gloves  are  worn. 

Rubber  Gloves. — Probably  no  one  element  has  contributed  more 
to  the  perfection  of  aseptic  technic  than  the  introduction  of  rubber 
gloves.  The  use  of  these  by  many  surgeons  was  for  a  long  time  confined 
to  work  on  infected  cases,  but  at  the  present  time,  in  nearly  every  clinic, 
surgeons  will  be  found  to  wear  gloves  in  all  their  work.  Gloves  not  only 
serve  to  prevent  infection  of  the  wound,  but  also  they  protect  the 
surgeon  against  infection.  In  office  and  general  practice  rubber  gloves 
are  indispensable,  and  should  always  be  worn  when  vaginal  and  rectal 
examinations  are  made.  Their  use  in  the  office  enables  the  surgeon 
to  make  the  necessary  examinations  and  go  at  once  to  the  operating 
room  with  no  fear  of  infecting  the  wound.  In  operations  where  it  is 
necessary  to  make  examinations  of  the  mouth,  vagina,  or  rectum,  or 
to  place  a  finger  in  any  of  these  cavities  for  aid  during  some  operative 
manipulation,  the  rubber  glove  enables  the  surgeon  himself  to  do  this 
part  of  the  work  without  any  fear  of  contaminating  the  wound,  as  the 
glove  which  is  used  for  this  purpose  can  be  immediately  removed  and 
replaced  by  a  sterile  one.  The  gloves  should  be  made  of  thin  rubber, 
and  preferably  pebbled  or  roughened  on  one  side.  This  roughening 
does  away  with  one  of  the  early  objections  made  to  rubber  gloves, 
namely,  that  it  was  difficult  to  hold  instruments  and  serous-covered 
viscera  like  the  intestine.  A  rubber  glove  should  fit  snugly,  as  no  delicate 
work  can  be  done  with  a  glove  that  is  too  long  or  too  wide  inthe  fingers,  as 
the  wrinkles  which  occur  are  very  troublesome.  A  glove  which  is  too  tight 
produces  nearly  as  much  inconvenience  as  one  which  is  too  loose,  as  it 
constricts  the  hand,  rendering  manipulation  more  difficult,  interfering 
with  sensation,  and,  after  a  time,  producing  marked  aching  of  the  hands. 
Thicker  gloves  may  be  used  for  bone-work  or  where  delicacy  of  touch 
is  not  required.  In  using  the  thicker  gloves  for  these  cases  there  is 
great  economy,  as  gloves  are  very  expensive  and  the  thin  ones  .are 
easily  torn  in  bone-work. 

Sterilization  of  the  gloves  is  a  very  simple  matter,  but  an  important 
aid  in  this  is  the  habit  of  never  allowing  a  glove  to  remain  soiled  or  wet 
for  any  great  length  of  time.  As  soon  as  it  is  removed  from  the  hand 
it  should  be  thoroughly  washed  in  soap  and  water  and  boiled  for  five 
to  fifteen  minutes,  depending  upon  whether  it  has  been  used  in  a  clean 
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or  an  infected  wound.  The  repeated  boilings  do  much  to  injure  the 
rubber,  but  what  is  more  injurious,  is  allowing  the  glove  to  remain  wet 
for  any  length  of  time.  Where  immediate  sterilization  after  use  is  not 
practicable,  the  glove  should  be  thoroughly  cleansed  with  soap  and 
water,  dried,  and  dusted  with  talcum  powder,  which  prevents  the  sur- 
faces of  the  glove  becoming  adherent  to  one  another.  The  repairing 
of  rubber  gloves  is  an  economic  measure  which  should  always  be  prac- 
tised. A  puncture  in  a  finger  can  be  repaired  by  stretching  the  glove 
over  a  small  test-tube  and  applying  a  patch  of  thin  rubber  by  means  of 
one  of  the  cements  similar  to  that  used  for  repairing  bicycle  and  auto- 
mobile tires  and  sold  by  all  dealers  for  this  purpose.  Sterilization  does 
not  affect  the  cement.  The  patch  should  preferably  be  placed  on  the 
inside  of  the  glove,  so  that  it  may  not  by  any  chance  become  displaced 
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Fig.  221. — An  Easy  Method  of  Putting  on 
a  Glove. 


Fig.  222. — Placino  Gauze  under  Wrist-band 
ok  Glove  to  Prevent  Escape  of  Secre- 
tion of  the  Skin. 


and  lost  in  the  wound.  After  sterilization  the  gloves  should  be  thor- 
oughly dusted  with  an  aseptic  powder,  and  folded  in  a  sterile  cloth  or 
towel.     Before  being  used  again  they  should  be  resterilized. 

There  are  two  methods  of  drawing  on  the  gloves — one  is  the  wet  and 
the  other  is  the  dry  method.  The  dry  method  consists  in  thoroughly 
powdering  the  glove  with  some  sterilized  powder,  like  talcum,  and 
rubbing  the  same  well  into  the  hand.  If  preferred,  the  glove  may  be 
powdered  on  its  inside  and  constricted  at  the  wrist  with  a  rubber  band 
and  then  boiled.  The  wet  method  is  the  one  which  I  employ  and 
believe  to  be  preferable.  The  glove  is  about  half  filled  with  sterile 
water,  the  cuff  turned  back  and  stretched  by  a  nurse  while  the  hand  of 
the  operator  is  thrust  into  is.  Fig.  221  shows  this  method  of  putting 
on  the  glove,  and  if  it  is  followed,  there  will  be  little  chance  of  tearing 
vol.  v — 41 
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the  glove.  The  glove  can  be  easily  peeled  off  if  thoroughly  wet  first. 
If  an  attempt  is  made  to  remove  it  when  it  is  dry  or  partially  so,  it  is 
very  apt  to  be  torn.  Another  advantage  of  the  wet  method  is  that  it 
discovers  any  minute  holes  which  may  be  present  in  the  glove  and 
which  may  be  overlooked  when  the  dry  method  is  used.  Dudley  P. 
Allen,  of  Cleveland,  advocates  putting  on  the  glove  out  of  bichlorid 
solution,  as  the  amount  of  solution  remaining  in  the  glove  is  sufficient 
to  sterilize  any  secretion  from  the  skin.  This  method  may  be  used 
occasionally,  but  if  used  habitually,  it  is  very  apt  to  produce  consider- 
able irritation  of  the  skin.  During  the  progress  of  the  operation  the 
hand  should  be  rinsed  frequently  in  sterile  water  so  as  to  prevent  the 
clotting  of  blood  on  the  glove.  It  is  a  good  plan  to  place  under  the 
portion  of  the  glove  covering  the  wrist  a  thin  band  of  sterile  gauze; 
this  prevents  the  escape  of  perspiration  during  the  progress  of  the  opera- 
tion; of  course,  this  gauze  is  unnecessary  where  a  long-sleeved  gown 
is  used  and  the  glove  is  pulled  up  over  the  sleeve.  The  glove  should 
not  be  put  on  until  the  surgeon  is  ready  to  begin  the  operation. 

Because  gloves  are  worn,  no  operator  should  suppose  that  it  is  any 
the  less  necessary  conscientiously  to  go  through  a  sterilization  of  his 
hands.  Frequently,  in  the  course  of  an  operation,  the  glove  is  torn  or 
punctured  by  a  needle,  and  if  proper  preparation  of  the  hands  has  not 
been  made,  infection  of  the  wound  may  result. 

At  different  times  cotton  gloves  have  been  strongly  advocated,  and 
one  of  the  special  claims  made  for  them  is  that  they  do  not  cause  by 
their  warmth  an  excessive  secretion  of  the  skin.  Notwithstanding 
this  advantage  there  can  be  no  comparison  in  the  safety  of  operating 
in  rubber  rather  than  in  cotton  gloves.  The  cotton  glove  has  the 
marked  disadvantage  of  interfering  much  more  than  the  rubber  glove 
with  the  tactile  sense  and  the  manipulation  of  the  tissues.  Keen23 
showed,  some  years  ago,  that  the  cotton  glove  possessed  insurmountable 
objections. 

Preparation  of  Instruments. — As  far  as  possible  only  those 
instruments  should  be  employed  which  can  be  sterilized  by  boiling. 
Wooden  and  ivory  handles  are  to  be  discarded  in  favor  of  solid  steel. 
As  few  corners  and  joints,  and  as  little  lettering  as  possible,  should  be 
the  rule  in  the  manufacture  of  surgical  instruments.  All  metal  instru- 
ments can  be  readily  sterilized  by  boiling  for  ten  or  fifteen  minutes  in 
a  1  per  cent,  carbonate  of  soda  solution.  Occasionally,  e.  g.y  in  spinal 
anesthesia,  the  soda  should  not  be  used.  This  sterilization,  however, 
should  be  gone  through  with  twice,  once  immediately  after,  and  once 
immediately  before,  operation.  What  has  been  said  regarding  rubber 
gloves  applies  particularly  to  instruments,  namely,  that  as  soon  as  the 
operation  is  completed,  the  instruments  should  immediately  be  cleansed 
by  scrubbing  with  a  brush  and  thoroughly  dried  or  sterilized  and  dried. 
There  is  no  excuse  for  allowing  rust  or  tarnish  to  occur  on  a  surgical 
instrument;  if  the  instrument  is  thoroughly  dried  after  being  used  and 
sterilized  there  will  be  no  such  tendency.  Any  tarnish  or  rust  can 
easily  be  removed  by  any  of  the  various  fine  sandsoap  preparations. 
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After  being  sterilized  the  instruments  may  be  placed  in  a  tray  and 
covered  with  sterile  water  or  sterile  normal  salt  solution,  or  they  may  be 
used  dry,  which  I  think  is  preferable.     In  this  case  they  are  spread 


Fio.  223.— Convenient  Arrangement  or  Instruments  for  Operation. 

out  between  sterile  towels  and  arranged  in  some  regular  way  so  that 
those  who  handle  them  may  know  exactly  where  to  find  the  desired 
instruments  when  needed.    This  arrangement  of  instruments  should 
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Fio.  224. — Arrangement  tor  Surgeon  and  Attendants. 
o,  Operating  table;  6,  surgeon  or  assistant;  c,  anesthetixer;  d,  e,  nurses;  /,  orderly  or  nurse; 
a,  anesthetist's  table;  h,  oxygen  tank;  i,  instrument  table;  j,  ligatures  and  sutures;  k,  sponges;  f, 
basins;  m,  spectators. 

be  maintained  as  far  as  possible  throughout  the  operation.  The 
development  of  a  regular  method  of  arranging  the  instruments  enables 
the  operator  to  tell  at  a  glance  whether  all  instruments  that  are  apt  to 
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be  needed  are  present,  and  it  greatly  facilitates  the  progress  of  the 
operation.  In  sterilizing  knives  the  blades  should  be  carefully  wrapped 
in  cotton  to  prevent  nicking  of  the  edges  against  other  instruments. 
Boiling  tends  to  dull  the  knives,  and  some  operators  prefer  to 
use  mechanical  cleansing,  and  allow  them  to  remain  for  some  time 
in  95  per  cent,  alcohol.  A  convenient  instrument  tray  is  one  which 
extends  over  the  operating  table,  and  is  made  very  much  like  the  tray 

used  for  feeding  patients  when  in  bed. 
This  places  the  instruments  in  a  readily 
accessible  position.  The  instruments,  es- 
pecially hemostatic  forceps  and  scissors, 
should  be  counted  before  and  again  after 
operation,  to  ascertain  that  none  has  been 
left  in  the  wound,  particularly  in  abdominal 
operations. 

The  Operation. — A  matter  always  to 
be  considered  is  the  disposition  of  assist- 
ants, nurses,  and  visitors.  Every  operator 
should  have  an  established  habit  in  regard 
to  the  work  which  each  of  his  assistants 
and  nurses  is  to  do,  and  the  positions  they 
are  to  occupy  during  the  operation.  Fig. 
224  shows  an  arrangement  which  I  have 
always  found  very  satisfactory,  but  each 
operator  will  develop  an  arrangement 
which  best  suits  his  circumstances  and 
convenience.  In  the  matter  of  visitors, 
their  position  during  the  operation  should 
be  definitely  indicated,  and  they  should 
be  made  to  keep  it.  To  have  spectators 
moving  around  the  operating  table  is  very 
disturbing  to  the  operator  and  his  assist- 
ants, and  increases  the  dangers  of  infection. 
When  spectators  are  allowed  to  come  any- 
where near  the  operating  table,  they  should 
be  properly  gowned  so  as  to  prevent  any 
chance  of  infection.  The  operator  should 
never  become  so  engrossed  in  his  work  and  in  demonstrating  its  steps 
as  to  forget  his  patient's  condition. 

The  Operation  Itself. — An  early  consideration  before  commencing 
an  operation  is  the  position  of  the  patient  on  the  table — for  instance,  if 
it  is  desired  that  the  patient  should  be  placed  in  the  Trendelenburg 
position  at  any  time  it  should  be  ascertained  that  the  bend  of  the  knee 
corresponds  to  the  joint  in  the  table,  and  that  the  necessary  precautions 
have  already  been  taken  to  prevent  the  patient  slipping. 

The  patient  should  not  be  anesthetized  and  no  unnecessary  exposure 
of  the  patient's  body  should  be  made  for  any  length  of  time  before 
the  surgeon  is  ready  to  begin  his  work.     If   the  final    preparation  of 


Fig.  225. — Spectator's  Gown. 


THE    OPERATION.  645 

the  field  of  operation  is  done  upon  the  table,  it  should  be  made  with 
as  little  exposure  and  wetting  of  the  patient  as  possible.  Not  infre- 
quently I  have  seen  patients  placed  on  the  operating  table  with  nothing 
between  the  body  and  the  glass  or  metal  table  but  a  thin  sheet,  and 
more  frequently  still  with  the  arm  hanging  over  the  edge  of  the  table 
in  such  a  way  that  the  musculospiral  nerve  may  be  pressed  upon 
sufficiently  to  produce  a  palsy.  A  troublesome  wrist-drop,  which  will 
long  outlast  the  convalescence  from  a  simple  operation,  or  a  pneu- 
monia from  exposure  to  cold  on  the  operating  table  or  during  transit 
to  the  ward  or  room  may  result  from  neglect  of  these  points. 

The  welfare  of  a  patient  after  an  operation  depends  not  only  on 
the  skill  and  accuracy  with  which  the  operation  is  done,  but  also  on 
the  means  employed  during  the  operation  to  conserve  his  strength, 
maintain  the  normal  resisting  power  of  his  tissues,  and  render  his  early 
hours  after  operation  as  peaceful  and  free  from  pain  as  possible.  The 
operator  who  works  regardless  of  time  and  the  amount  of  anesthetic  his 
patient  is  taking,  or  who  pays  no  attention  to  the  patient's  posture  on 
the  table,  the  protection  of  the  parts  of  the  body  not  involved  in  the 
field  of  operation,  or  who  uses  large  quantities  of  fluid  regardless  of 
whether  it  drains  away  properly  or  accumulates  under  his  patient,  is 
laying  up  for  himself  many  postoperative  complications  which  he  who 
employs  " speed  without  haste"  and  is  thoughtful  not  only  of  the  oper- 
ation itself,  but  of  his  patient's  condition,  will  seldom  see.  I  do  not 
advocate  a  want  of  thoroughness  in  operating  in  order  to  accomplish 
the  closure  of  the  wound  in  a  certain  number  of  minutes,  or  the  con- 
stant shifting  of  the  mind  from  the  operation  itself  to  the  patient's 
condition,  but  I  do  mean  that  we  should  not  drag  an  operation  along 
over  an  unnecessarily  long  period,  and  that  we  should  establish  in  our 
operating  rooms  a  habit  among  our  assistants  and  nurses  of  carefully 
looking  after  the  comfort  and  condition  of  the  patient. 

Another  important  factor  in  the  operative  technic  which  has  a 
marked  influence  on  the  prognosis  is  the  way  the  tissues  are  handled. 
Unnecessary  instrumentation  or  the  rough  handling  of  tissues  is  a 
potent  element  in  producing  postoperative  pain  and  in  predisposing 
to  suppuration.  All  viscera  should  be  handled  with  the  greatest  gentle- 
ness, and  evisceration  avoided  whenever  possible.  Crile  has  shown 
how  much  all  these  manipulations  add  to,  or  produce,  severe  shock. 
The  ligation  of  large  masses  of  tissue,  or  the  too  tight  constriction  of 
tissue  with  sutures,  produces  the  same  results.  A  consideration  should 
also  be  given  to  the  position  and  extent  of  the  incision.  It  should  be 
such  as  to  allow  ample  exposure  of  the  part  desired  without,  however, 
being  unnecessarily  long.  Incisions  which  can  be  made  in  the  normal 
folds  of  the  skin  tend  to  produce  much  less  visible  scarring  than  those 
which  cross  the  normal  folds.  Muscular  fasciae  and  muscles  should  be 
divided,  when  practicable,  in  the  line  of  their  fibers,  and  not  across 
them.  Nerves  of  any  size  should  always  be  avoided,  and  blood-vessels, 
if  large  enough  to  be  identified,  should  be  caught  with  forceps  before 
being  divided.     The  bleeding  from  the  smaller  blood-vessels,  which  at 
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first  is  profuse,  nearly  always  ceases  without  any  special  hemostasia, 
and  it  is  better  to  allow  it  to  do  so  than  to  compress  large  masses  of 
tissue  in  hemostatic  forceps.  In  most  operations  I  believe  that  it  is 
not  advisable  to  ligate  all  vessels  which  require  the  application  of 
hemostatic  forceps  immediately,  since  many  of  these  will  be  entirely 
controlled  by  pressure  from  the  instrument  extending  over  a  few  minutes. 
In  many  operations  it  is  advisable,  before  making  the  incision,  to 
control  completely  the  circulation  of  the  part.  Where  this  is  not 
necessary,  it  should  not  be  done,  as  the  elastic  constriction  which  is 
sufficient  to  give  circulatory  control  may  produce  injury,  and  some 
authorities  claim  that  it  is  productive  of  reactionary  bleeding. 

Most  surgeons  at  the  present  time  recommend  an  absolutely  dry 
technic,  and  wherever  possible  this  is  advisable,  especially  in  clean 
wounds.  This  means  that  no  irrigation  of  the  wound  is  done  at  any 
time  during  the  progress  of  the  operation  unless  specially  indicated,  and 
that  the  sponges  which  are  employed  are  used  dry.  I  always  practise 
this  dry  method  as  far  as  possible. 

The  use  of  a  blood-pressure  apparatus  is  recommended  in  certain 
serious  operations;  it  gives  a  very  clear  indication  as  to  the  patient's 
condition,  and  warns  the  operator  very  early  in  case  of  shock.  The 
technic  of  the  blood-pressure  apparatus  is  considered  in  Vol.  I. 

Drainage. — With  the  completion  of  the  operation  the  question  of 
drainage  will  arise.  Formerly,  practically  all  wounds,  whether  clean  or 
infected,  were  drained;  the  reverse  of  this  is  true  at  the  present  day, 
drainage  in  clean  wounds  being  but  rarely  employed.  Where  there  is 
a  large  wound,  however,  or  a  great  deal  of  fat  in  the  wound,  or  where  a 
dead  space  between  the  tissues  cannot  be  avoided,  a  small  gauze  drain 
or  a  small  drain  age-tube  is  advisable  for  a  few  days.  Where  any 
portion  of  a  capsule  of  a  tumor  or  a  cyst-wall  is  not  removed,  drainage 
is  indicated.  Abdominal  drainage  is  considered  elsewhere,  and  the 
various  kinds  of  drains  and  their  methods  of  employment  are  described 
in  another  portion  of  this  section.     (See  Vol.  III.,  p.  714.) 

The  Closure  of  the  Wound.— As  this  subject  is  also  dealt  with 
in  the  section  on  Abdominal  Technic  (Vol.  III.,  p.  717),  it  is  only 
necessary  here  to  speak  of  it  in  a  general  way.  As  far  as  practicable, 
as  little  tissue  should  be  included  in  a  suture  as  possible.  Sutures 
passing  through  skin,  muscular  tissue,  and  fascia  are  to  be  avoided, 
as,  in  order  to  approximate  the  deeper  structures,  the  suture  must 
be  drawn  entirely  too  tight.  Tight  suturing  is  undoubtedly  pro- 
ductive of  a  marked  tendency  to  infection,  as  it  cuts  off  to  a  con- 
siderable extent  the  blood-supply  of  the  tissues,  and  thus  reduces  their 
resistance.  There  is  no  doubt  that  a  comparatively  clean  wound,  such 
as  a  lacerated  wound  of  the  scalp,  which  would  otherwise  heal  by 
primary  union,  can  be  made  to  suppurate  by  tight  suturing.  All  that 
nature  requires  is  a  gentle  approximation  of  wound  edges;  more  than 
this  is  detrimental.  The  present  custom  of  closing  wounds  in  layers 
has  done  much  to  reduce  suppuration  and  increase  the  comfort  of  the 
patient.     Care  should  be  exercised  to  avoid  the  leaving  of  a  dead  space 
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between  tissues,  the  occurrence  of  which  is  one  of  the  arguments  used 
against  closure  of  wounds  in  layers.  The  superficial  fascia  is  a  structure 
which  has  not  received  the  attention  it  deserves  in  the  closure  of  wounds. 
If  it  is  not  included  in  the  skin  sutures,  it  should  be  approximated  by 
a  separate  suture,  as  this  does  much  to  prevent  the  spreading  of  the 
skin-scar  and  disfigurement  of  the  patient.  Further  points  in  regard 
to  the  use  of  sutures  will  be  found  under  the  head  of  Sutures  and  Liga- 
tures in  this  section. 

The  skin  may  be  approximated  by  Michel's  metal  clips,  but  in  using 
them  care  should  be  taken  not  to  produce  too  much  pressure,  as  other- 
wise marked  scarring  will  result.  These  clips  require  a  special  forceps  for 
their  application  and  removal.     Fig.  226  shows  the  clips  and  the  forceps. 


Fio.  226. — Michel's    Clamps,    Clamp    Applier,    and    Forceps    for   Removal  of   Clamps. 

(After  Doyen.) 
a,  Michel's  clamp;  6,  Doyen's  automatic  clamp  applier  "  loaded  "  with  a  number  of  clamps; 
c,  forceps  for  removal  of  clamps;  d,  shape  of  clamp  when  applied  to  the  wound;  e,  clamp  straight- 
ened out  by  the  forceps  for  its  removal. 

Sterile  adhesive  plaster  containing  zinc  oxid  may  be  used  for  approxi- 
mating the  skin.  * 

Synchronous  and  Multiple  Operations.— Synchronous  opera- 
tions, especially  in  the  case  of  amputation,  are  probably  advisable, 
since  they  lessen  the  time  that  the  patient  is  on  the  operating  table 
and  hence  tend  to  lessen  the  subsequent  shock.  If  the  two  operations 
cannot  be  done  at  the  same  time  without  the  operators  interfering  with 
one  another,  then  it  is  far  better  for  all  the  work  to  be  done  by  one 
operator.  The  question  of  multiple  operations  must  be  decided  largely 
by  the  patient's  condition.  The  tendency  lately  has  been,  especially 
in  abdominal  surgery,  to  resort  to  multiple  operations,  such  as  gastro- 
enterostomy, cholecystectomy,  and  appendectomy.  Whether  the  sur- 
geon is  justified  in  doing  a  number  of  more  or  less  dangerous  opera- 
tions at  one  time  must  be  determined  entirely  by  the  patient's  condition, 
the  necessity  for  the  operations,  and  the  time  required.     Personally, 
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I  am  not  inclined  to  be  very  radical  in  this  regard,  especially  where  more 
than  one  incision  is  required.  As  a  rule,  excepting  where  the  operator 
is  one  of  wide  experience,  it  is  better  to  deal  with  the  more  serious  lesion 
first  and  postpone  the  treatment  of  the  others.  No  absolute  rule,  how- 
ever, can  be  laid  down  upon  a  subject  such  as  this. 

Dressing  of  the  Wound. — Aside  from  sterility,  the  most  important 
points  in  the  application  of  a  dressing  are  that  it  shall  give  support 
to  the  wound  and  comfort  to  the  patient.  There  should  be  no  unneces- 
sary constriction  of  the  part,  nor  should  the  bandages  hold  the  part  in 
an  unnatural  or  constrained  position:  if  they  do,  the  patient  is  sure  to 
be  uncomfortable  until  the  dressing  is  changed.  The  best  dressing 
is  made  of  dry  sterile  gauze.  Some  surgeons  prefer  to  place  some  other 
material  next  to  the  wound,  and  at  the  Johns  Hopkins  Hospital  silver- 
or  tin-foil  is  used  for  this  purpose.  Where  a  raw  surface  is  exposed  to 
the  dressing,  it  may  be  covered  with  strips  of  sterile  rubber  tissue  with 
sufficient  space  left  between  them  to  allow  the  secretion  from  the  wound 
surface  to  escape  into  the  dressing.  (For  materials  used  for  dressing 
the  reader  is  referred  to  an  earlier  portion  of  this  section.) 

Redressing. — If  the  operation  has  been  an  aseptic  one,  if  there  is 
no  drainage,  and  if  the  dressing  has  been  properly  applied  at  the  time 
of  operation,  it  should  not  be  changed  until  the  wound  is  entirely 
healed,  or  for  the  purpose  of  removing  the  stitches,  which,  how- 
ever, is  usually  not  done  until  about  the  seventh  to  the  ninth  day. 
The  following  are  indications  for  a  change  of  dressing  before  this  time: 
an  excessive  amount  of  discharge;  bleeding  sufficient  to  extend  to  the 
outer  portion  of  the  dressing;  displacement  of  the  dressing,  which 
permits  exposure  of  the  wound;  continuous  pain,  which  is  referred  to 
the  wound,  and  symptoms  of  infection,  such  as  a  sharp  rise  of  tempera- 
ture accompanied  by  localized  pain  and  tenderness.  In  many  clean  opera- 
tions the  infection  which  occurs  is  of  a  mild  type,  and  is  often  indicated 
only  by  a  moderate  degree  of  fever.  Where  the  temperature  remains 
between  99°  and  100°  F.  for  several  days  after  an  operation  the  question 
of  infection  of  the  wound  should  be  carefully  weighed,  and  the  dressing 
changed  for  the  purpose  of  inspection. 

POSTOPERATIVE  TREATMENT. 

Among  the  chief  complaints  after  operation  are  pain,  nausea,  and 
thirst.  The  pain,  of  course,  varies  greatly  according  to  the  site  of 
operation  and  the  individual  disposition.  Probably  abdominal  opera- 
tions produce  more  pain  than  others,  but  this  may  be  only  because  of 
the  aggravation  of  the  discomfort  caused  by  the  movement  of  the 
diaphragm,  especially  such  excessive  actions  of  this  muscle  as  take  place 
in  retching  and  coughing.  One  of  the  surprising  things  about  post- 
operative pain  is  that  it  is  not  more  marked  in  certain  plastic  operations, 
such  as  hernia,  repair  of  the  perineum,  etc.  In  all  of  these,  however,  it 
can  be  made  very  severe  by  too  tight  constriction  of  the  wound  edges. 
Too  much  attention  cannot  be  given  by  the  surgeon  to  the  prevention 
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of  pain  at  the  critical  period  when  quiet  and  sleep  do  so  much  to  aid  a 
prompt  convalescence.  There  was  a  time,  not  long  since,  when  it  was 
the  rule  of  most  surgeons  to  withhold  pain-relieving  drugs,  such  as 
morphin,  after  abdominal  operations.  To  give  a  hypodermic  of  morphin 
in  these  cases  was  thought  to  be  a  great  mistake,  but  now  we  have 
learned  that  when  properly  employed  in  the  postoperative  treatment 
it  is  a  great  boon  both  to  the  patient  and  to  the  surgeon.  All  the  bad 
effects  formerly  attributed  to  this  drug,  such  as  the  production  of  flatus, 
bad  effect  on  the  kidneys,  etc.,  we  seem  now  to  have  forgotten,  or  at 
least  we  have  learned  that  it  was  our  own  faulty  technic  which  produced 
much  of  the  trouble  attributed  to  the  morphin.  It  was  usually  infection 
and  not  the  drug  that  caused  the  trouble.  It  has  been  my  invariable 
custom  in  abdominal  operations  to  give  a  hypodermic  of  morphin, 
i  grain,  and  atropin,  yfy  grain,  before  the  patient  has  recovered  con- 
sciousness, and  I  have  never  in  a  single  case  observed  any  bad  effect 
follow  this  method.  In  many  cases  this  hypodermic  is  given  fifteen 
or  twenty  minutes  before  the  anesthetic  is  started,  but  it  is  always 
given  before  the  patient  regains  consciousness.  The  result  is  that  the 
patient  passes  from  the  sleep  of  the  anesthetic  to  the  morphin  sleep, 
gets  comfortably  over  the  most  distressing  hours  after  operation, — 
those  first  few  when  ether  is  being  eliminated  by  the  lungs  in  large 
quantities  and  nausea  and  vomiting  are  common, — and  never  knows 
that  morphin  has  been  given.  The  idea  that  morphin  employed  in 
this  way  is  productive  of  vomiting  is  a  mistake,  except  it  may  be  in  a 
few  patients  with  an  idiosyncrasy  to  morphin.  My  experience  in  using 
morphin  and  atropin  in  abdominal  cases  showed  vomiting  to  be  so  much 
less  than  in  other  operations  in  which  it  is  not  employed  that  I  now  use 
it  in  practically  every  operation  of  magnitude  or  long  duration  or  those 
which  I  expect  to  be  followed  by  much  pain.  It  is  seldom  necessary  to 
give  a  second  dose,  and  this  I  try  particularly  to  avoid,  for  it  is  better 
not  to  let  the  patient  learn  the  comfort  of  morphin.  Repeated  small 
doses  after  operation  do  not  appeal  to  me,  because  the  patient  is  apt 
to  become  dependent  upon  it.  When  the  single  full  dose  is  given 
before  the  close  of  the  anesthesia,  if  not  disturbed,  the  patient  will  often 
sleep  for  from  one  to  three  hours  and  remain  quiet  for  a  much  longer 
period.  It  is  very  important  in  this  postoperative  stage,  and  especially 
when  the  patient  is  recovering  from  the  anesthetic,  to  keep  sympathetic 
relatives  and  friends  out  of  the  room.  Their  presence  often  excites 
and  greatly  disturbs  the  patient. 

Pain  developing  some  hours  after  an  operation  is  not  to  be  treated 
by  the  administration  of  an  anodyne,  but  its  cause  should  be  carefully 
sought  and  removed.  A  careful  and  considerate  nurse  can  do  much 
to  relieve  such  pain.  Oftentimes  the  simple  change  of  posture,  the 
cutting  of  a  tight  bandage,  the  relief  of  pressure  on  some  bony  promi- 
nence, straightening  out  the  clothing,  and  such  little  attentions  will 
give  relief.  I  have  seen  a  patient  kept  awake  all  night  by  pressure  on 
the  heel  after  fracture  of  the  leg,  and  by  pressure  on  the  internal  condyle 
by   an   internal   angular   splint.     Pain   under   such   circumstances   is 
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absolutely  unnecessary,  and  its  possible  cause  should  always  be  con- 
sidered. I  have  known  a  safety-pin  to  be  passed  through  the  patient's 
skin  in  fixing  a  bandage  and  to  remain  in  this  position  for  days.  There- 
fore, instead  of  putting  down  the  patient's  complaint  of  pain  to  nervous- 
ness or  to  want  of  pluck,  we  should  always  make  sure  that  there  is  not 
some  actual  cause  for  the  complaint. 

Nausea  and  vomiting  are  not  nearly  so  troublesome  after  operations 
as  they  once  were.  This  partly  is  due  to  the  improved  methods  of 
administering  our  anesthetics,  and  it  can  be  obviated  to  some  extent  by 
making  the  quantity  of  anesthetic  employed  as  small  as  possible.  The 
amount  of  ether  and  chloroform  administered  has  much  to  do  with  the 
continued  vomiting  after  operation,  and  it  can  easily  be  reduced  by  the 
judicious  use  of  morphin  and  atropin  administered  either  before  or  during 
the  anesthesia,  or  by  administering  chlorid  of  ethyl  or  nitrous  oxid  before 
the  ether  or  chloroform.  It  is  my  invariable  custom  to  employ  chlorid 
of  ethyl  first,  and  in  this  way  the  amount  of  ether  is  reduced  nearly 
one-half.  The  less  ether  there  is  for  the  patient  to  eliminate,  the  less 
nausea  and  discomfort  he  will  have,  and  the  less  likelihood  of  inter- 
ference with  the  eliminating  function  of  the  kidneys.  As  I  have 
indicated  before,  the  use  of  morphin  at  the  close  of  the  operation  before 
the  patient  regains  consciousness  will  entirely  obviate  or  greatly  reduce 
vomiting.  Inhalations  of  vinegar  have  long  been  employed  to  reduce 
nausea,  and  do  seem  to  be  productive  of  some  good.  So  simple  a  means 
as  elevation  of  the  head  will  often  reduce  the  sensation  of  nausea,  and  a 
draft  of  water  will  sometimes  not  only  not  increase  the  nausea,  but  will 
reduce  it.  When  it  is  possible  for  the  patient  to  be  placed  in  the 
sitting  position,  nausea  will  frequently  be  relieved.  This  is  particularly 
true  after  operations  on  the  stomach  itself.  A  drainage-tube  placed  in 
the  abdominal  cavity  may  produce  continued  reflex  vomiting,  which 
will  cease  on  removal  of  the  tube.  In  my  own  experience,  troublesome 
vomiting  is  rare  where  a  full  dose  of  morphin  is  given  before  or  during 
the  operation. 

Thirst,  too,  is  a  symptom  which  is  much  less  troublesome  now  than 
formerly,  where  water  was  withheld  for  long  periods  after  operation. 
The  thirst  can  be  largely  relieved  by  giving  large  quantities  of  salt 
solution  by  the  rectum.  There  are  few  operations,  however,  after 
which  water  cannot  be  given  promptly  by  the  mouth.  If  a  patient  is  not 
nauseated,  I  allow  him  water  within  a  few  hours  in  quantities  of  an 
ounce.  It  has  not  been  my  experience  that  this  is  apt  to  start  up 
vomiting.  This  early  administration  of  water  applies  after  abdominal 
operations  as  after  others.  The  giving  of  a  considerable  quantity  of 
water  at  regular  intervals  is  preferable  to  the  continual  sucking  of  ice. 
Liquid  food  should  be  given  as  soon  as  the  patient  has  a  desire  for  it,  or 
as  soon  as  the  nausea  has  passed  away. 

Confinement  in  one  position,  with  the  restriction  of  all  movement 
after  an  operation,  is  extremely  trying  to  a  patient,  and  often  results 
in  insomnia  and  nervousness.  Any  movement  that  does  not  directly 
interfere  with  the  healing  process  of  the  wound  should  be  allowed. 
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It  does  not  hurt  a  properly  closed  abdominal  wound  if  the  patient  is 
early  placed  upon  his  side,  or  if  the  shoulders  are  elevated  or  the  legs 
drawn  up.  When  a  patient  is  very  anxious  to  change  his  position  and 
you  are  sure  this  change  will  not  be  comfortable,  it  is  not  a  bad  plan  to 
allow  him  to  try  the  new  position,  when  he  will  be  convinced  of  his  own 
error  and  more  contented  in  the  position  he  first  occupied.  Too 
much  care  cannot  be  given  to  obtaining  a  comfortable  attitude  in  bed 
after  an  operation.  Restraint  in  an  unnatural  position  gives  rise  to  the 
greatest  restlessness  and  discomfort.  This  is  well  illustrated  in  the 
tight  confinement  of  the  arm  to  the  chest  after  breast  operations.  The 
patient  is  much  more  comfortable,  the  wound  heals  better,  and  there 
is  less  restriction  of  subsequent  motion  of  the  shoulder  if  the  arm  is 
dressed  at  a  right  angle  to  the  body. 

It  is  sometimes  desirable  to  keep  the  patient  in  a  sitting  posture, 
and  various  devices  have  been  suggested  for  the  comfortable  support 


Fig.  227. — W.  E.  Lee's  Support  for  Maintaining  the  Sitting  Postcre. 

of  the  patient  in  this  position.  Figs.  227  and  228  show  a  frame  devised  by 
Dr.  W.  E.  Lee,  of  the  Pennsylvania  Hospital,  which  is  placed  under 
the  mattress,  and  which  I  have  used  for  a  number  of  years  in  cases  of 
general  peritonitis  with  the  greatest  satisfaction.  The  ordinary 
bed-rest  is  entirely  inadequate  in  these  cases. 

The  question  of  the  best  time  to  open  the  bowels  after  operation  is 
one  about  which  surgeons  will  probably  always  differ.  Formerly,  it 
was  the  custom  of  most  operators  to  give  some  laxative,  usually  calomel, 
on  the  day  following  the  operation,  especially  in  abdominal  cases. 
This  was  due  to  the  fact  that  it  was  thought  that  an  early  movement 
of  the  bowels  usually  meant  that  no  infection  of  the  peritoneum  had 
occurred,  or  that  such  infection  was  not  extending.  The  mere  move- 
ment of  the  bowels,  however,  is  no  criterion  under  such  circumstances, 
and  it  is  far  better  to  let  the  intestine  rest  quietly  after  an  operation 
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than  to  stir  up  painful  peristalsis  by  the  means  of  laxatives.  This,  of 
course,  applies  to  cases  in  which  a  proper  preparation  for  the  operation 
has  been  made.  A  movement  by  a  glycerin  suppository  or  an  oil  or 
soapsuds  enema  is  much  more  comfortable  to  the  patient  and  less 
disturbing  than  a  purgative.  If  nothing  but  liquid  food  is  given  for  two 
or  three  days  after  operation,  the  third  day  is  sufficiently  early  to  open 
the  bowels. 

Inability  to  empty  the  bladder  is  of  common  occurrence  in  the 
postoperative  period,  and  resort  to  the  catheter  is  often  necessary.  To 
resort  to  catheterization  when  the  bladder  is  not  painfully  distended 
is  a  mistake,  and  it  is  far  better  to  have  the  patient  empty  the  bladder 
himself  than  to  pass  the  catheter.  Some  surgeons  even  go  so  far  as  to 
allow  the  patient  to  get  out  of  bed  for  this  purpose,  and  where  it  is 
possible,  I  believe  it  to  be  good  treatment.     I  avoid  the  use  of  the 


Fig.  228. — Lee's  Si'pport  Arranged  for  Patient. 

catheter  as  much  as  possible.  When  the  catheter  is  employed,  the 
greatest  care  should  be  exercised,  and  the  catheterization  done  by  an 
experienced  orderly  or  nurse,  or,  better  still,  especially  in  men,  by  the 
surgeon  himself.  Even  under  the  best  circumstances  infections  of  the 
urethra  and  bladder  occur,  and  it  is  the  surgeon's  duty  to  see  that  all 
necessary  aseptic  precautions  are  taken  to  avoid  these  unfortunate 
complications.  No  nurse  or  orderly  should  ever  be  allowed  to  use  a 
metal  instrument.  Catheterization  in  children  is  to  be  particularly 
avoided,  as  injury  of  the  male  urethra  in  childhood  is  easily  inflicted. 
In  children  I  would  much  prefer  to  have  the  patient  get  out  of  bed  to 
have  a  catheter  used. 

The  time  at  which  a  patient  is  allowed  to  get  out  of  bed  varies  with 
the  operation  which  has  been  performed.  A  few  rules,  however,  can 
easily  be  laid  down.     In  the  first  place,  old  people  should  be  got  out  of 


POSTOPERATIVE    TREATMENT.  653 

bed  as  soon  after  operation  as  possible.  The  advantage  of  this  is  easily 
shown  in  the  present-day  results  from  prostatectomy,  where  the  patient 
is  got  out  of  bed  on  the  second  or  third  day.  In  abdominal  operations 
on  old  people  a  change  of  posture  and  early  transference  from  bed  to 
couch  or  chair  is  very  important.  There  has  been  a  marked  tendency 
during  recent  years  to  shorten  the  period  which  a  patient  spends  in  bed 
after  an  abdominal  operation.  After  simple  appendectomies  many 
surgeons  allow  their  patients  to  get  out  of  bed  on  the  following  day. 
I  have  not  been  able  to  bring  myself  quite  to  this  point,  but  I  am 
constantly  shortening  the  period.  In  clean  cases  where  the  abdominal 
wound  is  accurately  closed  and  no  muscle  cut  across  its  fibers,  I  get  the 
patient  out  of  bed  on  about  the  eighth  or  ninth  day,  with  the  abdomen 
well  supported  by  a  binder,  and  allow  moving  about  on  the  tenth  or 
eleventh  day.  In  this  particular  I  think  the  individual  disposition  of 
the  patient  must  be  taken  carefully  into  account.  There  are  many 
patients  who  are  benefited  by  a  longer  rest  in  bed,  whereas  to  others, 
such  as  old  people,  and  those  who  are  inclined  to  magnify  their  ailments, 
a  prolonged  rest  may  be  harmful. 

Elements  which  exercise  considerable  influence  on  the  postoperative 
progress  of  patients  are  good  air,  sunlight,  and  good  food.  Every 
hospital  should  be  properly  ventilated,,  and  as  much  sunlight  admitted 
to  the  wards  as  possible.  If  a  roof-garden  or  sun-parlor  is  possible,  it 
is  an  adjunct  of  no  little  value  in  the  postoperative  treatment. 

Postoperative  Complications.— Two  of  the  most  important 
complications  are  shock  and  hemorrhage.  Both  of  these  conditions 
and  their  treatment  have  been  fully  considered  in  other  portions  of  this 
work.  The  same  is  true  of  pulmonary  embolism,  which  occurs  occasion- 
ally after  the  simplest  and  cleanest  operation.  Apoplexy  sometimes  occurs 
during  the  progress  of  an  operation  or  during  the  postoperative  period. 
No  doubt  if  more  autopsies  were  made  on  patients  dying  from  unac- 
countable causes  on  the  operating  table,  it  would  be  discovered  that 
apoplexy  was  occasionally  responsible.  Rupture  of  unsuspected  aneur- 
isms of  the  aorta  has  occurred  on  the  operating  table  and  during  the 
postoperative  period.  Suppression  of  urine  is  far  less  frequent  than  it 
formerly  was,  and  when  it  does  occur,  it  is  a  most  distressing  and 
dangerous  complication.  The  amount  of  urine  secreted  after  operation 
should  be  carefully  measured  by  the  nurse  or  attendant,  so  that  sup- 
pression may  be  detected  as  early  as  possible.  When  this  condition 
does  arise,  it  calls  for  active  treatment,  such  as  the  administration  of 
diuretics,  sweats,  and  sometimes  the  use  of  diluted  salt  solution  adminis- 
tered by  hypodermoclysis  or  intravenous  injection.  Of  course,  the 
surgeon  will  be  careful  not  to  confound  retention  of  urine  with  its 
suppression.  Obstruction  of  the  bowels  from  various  causes  is  a 
complication  after  abdominal  operations  which  has  been  carefully  and 
thoroughly  dealt  with  elsewhere.  Infection  of  the  wound  is  ordinarily 
of  rare  occurrence  unless  the  infection"  has  existed  prior  to  the  per- 
formance of  the  operation.  The  most  important  element  in  the  treat- 
ment of  this  condition  consists  in  thorough  drainage  of  the  wound. 
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Fat  embolism  is  probably  frequently  the  cause  of  death,  and  is  often 
mistaken  for  shock. 
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CHAPTER   LXXIII. 
LIGATION  OF  ARTERIES  IN  CONTINUITY. 

By  Warren  Stone  Bickham,  M.  D., 


General  Considerations. — The  ligation  of  an  artery  signifies  the 
constriction  of  the  artery  by  means  of  a  ligature  for  the  purpose  of 
controlling  the  circulation  in  that  vessel. 

A  ligation  may  be  "terminal,"  where  the  cut  end  of  an  artery  is 
tied;  "in  continuity, "  where  tied  in  its  unbroken  course;  "single," 
where  but  one  ligation  is  used;  "double,"  where  two  are  applied  (as  in 
dividing  a  vessel  between  ligatures);  "immediate,"  where  applied 
directly  to  the  artery  proper;  "intermediate,"  where  the  ligature  passes 
around  more  or  less  connective  or  other  tissue  surrounding  the  artery 
(as  in  ligation  for  parenchymatous  hemorrhage);  "permanent,"  where 
applied  to  remain;  or  "temporary,"  where  applied  for  the  arrest  of 
circulation  for  a  brief  period. 

The  indications  for  ligation  of  arteries  are:  wounds;  aneurisms; 
hemorrhage  from  the  main  trunk  near  site  of  ligation,  or  from  either 
the  main  trunk  or  one  of  its  branches  at  a  distance  from  the  site  of 
ligation;  rupture  of  vessels;  angeiomata;  to  control  hemorrhage  in 
operations  distal  to  site  of  ligation;  to  lessen  the  nutrition  of  inoperable 
tumors;  to  cause  the  atrophy  of  an  organ  by  diminishing  its  blood 
supply. 

Preparation. — No  general  (constitutional)  preparation  is  necessary 
for  the  smaller  ligations.  In  the  case  of  ligation  of  the  larger  arteries 
the  systemic  state  of  the  patient  should  be  looked  after  as  in  other 
major  operations.  Locally,  the  usual  antiseptic  preparation  of  the 
part  should  be  carried  out,  the  patient  coming  to  the  table  with  the 
site  of  operation  in  an  aseptic  dressing. 

The  patient  should  rest  upon  a  table  of  proper  height,  and  so  placed 
as  to  bring  the  involved  artery  most  conveniently  and  advantageously 
before  the  surgeon.  The  surgeon  stands  where  he  can  best  manipulate, 
which  is  generally  on  the  side  of  the  operation,  and  usually  cuts  down- 
ward on  the  right  and  upward  on  the  left.  The  assistant  generally 
stands  opposite  the  surgeon  and  exposes  the  field  of  operation  by 
retraction  or  assists  in  the  steps  of  the  ligation.  The  position  of 
patient,  surgeon,  and  assistant  will  vary  according  to  the  artery  oper- 
ated upon,  and  will  be  given  in  the  individual  operations. 

The  instruments  generally  used  are  the  following:  Esmarch  bandage 
and  tourniquet;  scalpels,  heavy  and  light;  scissors,  straight  and  curved, 
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sharp-pointed  and  blunt;  forceps,  dissecting  and  toothed;  hemostatic 
forceps;  grooved  director;  tenacula;  retractors,  various  sizes  and  shapes; 
aneurism  needles,  large  and  small,  straight  and  laterally  curved ;  ligature 
carrier;  ligaturing  and  suturing  material,  viz.:  needles,  straight  and 
curved,  surgeon's  and  Hagedorn;  needle-holder;  wound-hooks;  drain- 
age materials  (for  special  emergencies) ;  special  small  needles,  fine  silk 
and  needle-holder  for  repairing  wounds  of  veins;  means  for  illuminating 
deep  wounds. 

The  ligature  materials  in  general  use  are  the  following:  plain  catgut; 
chromicized  catgut;  kangaroo  tendon;  ox  aorta;  silk,  plain  and  floss. 
For  the  closure  of  skin  wounds  at  the  termination  of  the  operation 
silkworm-gut  or  silk  sutures.  For  the  ligation  of  smaller  arteries, 
plain  catgut.  For  medium  arteries,  chromic  catgut.  For  the  largest 
arteries,  kangaroo  tendon  (flat);  ox  aorta  (flat);  chromic  catgut;  soft 
floss  silk. 

For  the  satisfactory  carrying  out  of  the  ligation  a  systematic  course 
should  be  followed  in  all  cases,  the  proper  steps  of  which  are  given  below, 
in  order: 

Preliminary  control  of  the  circulation  is  indicated  in  some  ligations. 
In  ligating  the  arteries  of  the  head,  neck,  and  trunk  no  attempt  is  usually 
made  to  control  the  circulation  by  any  means  of  pressure.  In  the 
limbs,  also,  it  is  rarely  absolutely  necessary.  But  where  its  use  is 
preferred — and  the  satisfaction  of  operating  in  a  dry  field  is  unques- 
tionable— the  limb  is  first  elevated,  the  soft  parts  massaged  toward  the 
trunk,  and  the  tourniquet  of  Esmarch  (without  the  previous  use  of  the 
Esmarch  rubber  bandage)  is  applied  around  the  limb,  as  high  up  as 
indicated.  The  sacrifice  of  the  guiding  pulsation  (necessitated  by  the 
use  of  any  form  of  constrictor)  is  counterbalanced  by  the  dryness  of 
the  field,  especially  in  prolonged  and  difficult  operations. 

The  line  of  the  artery  is  determined  in  advance  of  any  operative 
step,  and  is  based  upon  a  knowledge  of  the  anatomy  of  the  part.  A 
knowledge  of  the  chief  variations  in  the  course  of  the  arteries  should 
also  be  possessed.  Acquaintance  with  the  line  of  the  special  artery 
is  an  absolute  prerequisite,  a  correct  line,  properly  followed,  leading 
directly  and  expeditiously  to  the  goal  of  the  operation;  an  incorrect 
line,  once  taken,  often  plunging  the  operator  into  unnecessary  difficulties 
from  the  start,  frequently  requiring  loss  of  time,  retracing  of  steps, 
unnecessary  injury  to  the  structures,  and  the  regaining  of  the  right 
path  finally  after  considerable  and  humiliating  bungling.  This  line 
of  the  artery  may  be  previously  marked  out  upon  the  body  with  a  steril- 
ized dermographic  pencil  (or  nitrate  of  silver  stain),  but  such  marking 
is  generally  unnecessary.  The  line  of  the  artery  is  frequently  modified 
by  the  position  of  the  limb  and  in  such  cases  a  constant  position 
should  be  understood  to  apply  in  speaking  of  such  arteries  (for  instance, 
the  line  of  the  brachial  artery  is  one  thing  if  the  arm  be  lying  out  supine 
at  a  right  angle  to  the  body,  and  another  if  resting  on  its  inner  border, 
parallel  with  the  thorax).  On  the  other  hand,  no  change  in  the  position 
of  the  foot  causes  a  change  in  the  line  of  the  dorsalis  pedis.    The  line 
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of  an  artery  often  coincides  so  nearly  with  muscular  or  tendinous 
landmarks  that  these  landmarks  are  frequently  given  instead  of  the 
line  itself.  For  instance,  one  may  speak  of  ligating  the  brachial  artery 
by  incising  along  a  line  extending  from  the  junction  of  the  anterior 
and  middle  thirds  of  the  outer  axillary  boundary,  to  the  middle  of 
the  bend  of  the  elbow,  the  arm  being  at  a  right  angle  to  the  body  and 
on  its  extensor  surface;  or  one  may  also  speak  of  ligating  this  artery  by 
incising  along  the  inner  border  of  the  coracobrachialis  muscle  above 
and  the  biceps  below.  It  is  well,  to  know  both  the  commonly  accepted 
"line"  and  the  natural  muscular  or  other  markings.  The  former  is 
usually  the  more  accurate  guide  to  the  vessel,  especially  in  the  early 
stage  of  the  operation  (for  instance,  in  the  above  case  the  brachial 
artery  is  often  considerably  overlapped  by  the  biceps  in  a  well-developed 
subject),  though  the  latter  are  the  natural  boundaries  which  generally 
have  to  be  encountered  and  manipulated  before  finally  reaching  the 
artery.  In  other  cases  the  line  bears  no  relation  whatever  to  external 
muscular  or  tendinous  elevations  or  furrows  and  in  such  cases  the 
line  alone  has  to  be  blindly  followed  in  the  early  part  of  the  operation 
as  a  guide  to  the  course  of  the  artery  (as  in  the  case  of  the  upper  portion 
of  the  ulnar  artery). 

Incision. — The  incision  for  the  exposure  of  the  artery  is  the  first 
step  in  the  technic  of  the  operation,  upon  the  proper  placing  of  which 
the  ease  of  the  subsequent  steps  largely  depends. 

Position  and  Direction  of  the  Incision. — In  the  great  majority  of 
cases  the  line  of  incision  coincides  with  the  line  of  the  artery  from  the 
beginning  to  the  end  of  the  operation,  superficially  and  in  the  deeper 
layers  (as  in  the  ligation  of  the  popliteal  artery  in  the  middle  of  the 
popliteal  space),  and  should  be  so  placed  as  to  have  its  center  over  the 
site  of  ligation.  In  other  cases  the  line  of  incision  will  follow  a  muscular 
marking,  even  if  at  a  slight  variance  with  the  recognized  "line  of  artery" 
(e.  g.,  in  ligating  the  common  carotid  above  the  omohyoid  the  incision 
is  made  parallel  with  the  inner  margin  of  the  sternomastoid,  which  in 
muscular  and  well-developed  necks  is  known  to  overlap  and  to  lie 
slightly  to  the  inner  side  of  the  artery.  In  other  cases  the  incision 
follows  neither  the  line  of  the  artery  nor  the  muscular  marking,  but  lies 
in  a  course  parallel  with  both  line  of  artery  and  muscular  fibers,  and  is 
so  placed  as  to  reach  the  vessel  most  advantageously  and  with  least 
damage  to  neighboring  structures  (e.  g.,  ligation  of  the  posterior  tibial 
artery  in  the  middle  of  the  leg).  In  other  cases  the  incision  may 
coincide  with  the  line  of  artery,  but  cross  an  overlying  muscle  at  a 
right  angle  (e.  g.,  ligation  of  the  lingual  artery  beneath  the  hyoglossus 
muscle).  In  still  other  cases  the  incision  may  cross  the  course  of  the 
artery  at  a  right  angle  (e.  g.,  ligation  of  the  external  iliac  extraperi- 
toneal^ by  an  incision  parallel  with  Poupart's  ligament). 

(1)  Superficial  Incision. — Having  chosen  the  line  of  incision  as  free 

from  superficial  vessels  and  nerves  as  circumstances  permit,  steady  the 

area  of  incision  by  means  of  the  left  thumb  and  forefinger,  which,  by 

their  separation,  put  the  parts  under  slight  tension  and  give  room  for 
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the  knife  cut  between  them.  Grasp  the  scalpel  in  the  "pen  position" 
for  finer,  more  limited  cuts,  and  in  the  "dinner-knife  position"  for 
heavier,  longer  cuts.  Enter  the  point  of  the  scalpel  at  a  right  angle 
to  the  skin  surface,  traverse  the  line  of  incision  with  the  knife-handle  at 
about  45  degrees,  and  withdraw  the  knife  with  the  point  of  the  blade 
again  at  a  right  angle  with  the  surface,  thereby  cutting  to  equal  depth 
throughout.  This  incision  should  pass  through  skin  and  superficial 
fascia  and,  while  not  unnecessarily  long,  should  be  amply  long  enough 
to  enable  subsequent  manipulations  to  be  carried  on  without  injury  to 
the  structures.  The  length  of  the  incision  should  rather  be  determined 
by  the  depth  of  the  artery  and  the  nature  of  the  parts  to  be  encountered 
than  by  any  attempt  to  remember  an  arbitrary  length  of  incision  for 
each  artery.  The  deep  fascia  is  similarly  divided  in  the  original  line, 
avoiding,  where  possible,  superficial  vessels  and  especially  nerves. 

(2)  Deep  Incision. — Having  passed  through  all  overlying  fascia 
in  the  superficial  incision,  the  muscle  and  tendinous  landmarks  now 
come  to  both  sight  and  touch.  Generally  no  further  cutting  is  necessary, 
the  rest  of  the  approach  and  exposure  of  the  artery  being  accomplished 
by  blunt  dissection.  In  by  far  the  majority  of  cases  arteries  are  hence- 
forth reached  by  following  down  between  muscular  planes,  it  being 
very  rare  that  muscle-fibers  are  separated  and  rarer  still  that  muscles 
are  cut  transversely.  At  this  stage  of  the  operation  the  muscular  or 
tendinous  boundaries  are  recognized  and  followed  to  the  known  position 
of  the  artery,  the  intermuscular  planes  being  separated  by  the  handle 
of  the  scalpel  rather  than  by  the  blade,  and  this  separation  being 
carried  out  to  correspond  with  the  length  of  the  superficial  wound. 
The  three  best  means  of  recognizing  intermuscular  planes  in  the  order 
of  their  reliability  are:  the  sense  of  touch  of  the  tip  of  the  left  index- 
finger  (which  flexion  of  the  limb  may  assist) ;  the  following  down  of  the 
intermuscular  branches  of  the  artery;  the  white  fascial  or  yellow  fatty 
so-called  "line"  in  the  intermuscular  spaces.  It  is  of  great  importance 
to  recognize  the  proper  intermuscular  space  at  the  start,  as  once  in 
a  wrong  intermuscular  interval,  one  may  wander  on  indefinitely, 
completely  off  the  track,  missing  the  artery  and  doing  much  damage 
to  the  parts.  Good  retraction  should  be  freely  used  at  this  stage  and 
muscles  and  tendons  should  be  drawn  to  their  proper  sides  (flexing  the 
limb  often  aiding  considerably  in  this  retraction).  Important  vessels, 
nerves,  and  other  structures  should  be  guarded  during  this  separation 
of  the  parts,  and,  when  in  the  way,  should  be  displaced  to  the  more 
convenient  side  of  the  operation  field,  always  remembering  that  nerves 
are  the  most  important  structures  to  be  safeguarded  in  the  great 
majority  of  cases.  If  an  Esmarch  have  not  been  used,  the  wound  is 
kept  comparatively  dry  by  frequent  sponging  of  the  field  with  dry 
gauze  wipes. 

The  exposure  of  the  artery  now  follows.  Having  gotten  down  to 
the  region  of  muscles  and  tendons,  these  should  be  clearly  identified 
and  the  artery  sought  by  its  known  relation  to  these  structures.  The 
muscles  and  tendons  are  the  rallying  points  in  the  depth  of  the  wound. 
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Three  structures  outwardly  more  or  less  similar  in  appearance  and 
often  in  sensation  are  to  be  distinguished:  arteries  are  recognized  by 
their  known  course;  their  pulsation,  where  no  proximal  constriction 
is  used;  their  swelling  proximally  when  compressed  distally  (where  no 
constrictor  is  used) ;  their  firm,  round,  resisting,  elastic,  cord-like  feeling; 
their  peculiar  sensation  when  compressed  between  the  fingers,  presenting 
a  central  depression  and  two  lateral  elevated  ridges;  their  thicker  walls; 
their  rubber-tube-like  feeling  when  touched,  and  tendency  to  glide  from 
beneath  the  fingers;  the  force  required  to  compress  them;  their  regular 
outline;  their  pinkish  or  pinkish-yellow  color.  Of  these  means  of 
recognition,  pulsation  is  the  conclusive  test,  provided  there  can  be 
eliminated  all  possibility  of  error  caused  by  pulsation  transmitted 
through  contact  (as  a  vein  or  a  nerve  made  to  rise  and  fall  by  an  artery 
beating  beneath  or  to  one  side  of  it).  Veins  are  recognized  by  not 
pulsating  (where  no  Esmarch  is  used);  by  having  thinner  coats;  by 
swelling  toward  the  periphery  when  compressed  centrally  (no  con- 
strictor being  used);  by  being  softer  and  less  resisting  to  the  touch; 
by  the  flat,  ribbon-like  feeling  throughout  their  whole  width  when 
compressed  between  the  fingers;  by  their  purplish  color;  by  their  wavy, 
irregular  contour;  by  their  accompanying  the  arteries  in  many  regions 
in  pairs  or  companion  veins;  by  their  larger  size  than  the  corresponding 
arteries;  by  the  ease  with  which  they  are  compressed.  It  may  be 
mentioned  here,  in  connection  with  the  companion  veins,  that  two 
venae  comites  are  to  be  found  accompanying  all  arteries  below  the 
axilla;  all  arteries  below  the  knee;  most  of  the  small  and  medium-sized 
arteries  of  the  trunk;  and  that  the  arteries  of  the  head  and  neck  are 
accompanied  by  single  veins.  These  veins  generally  run  on  either 
side  of  the  artery,  communicating  across  the  artery  at  frequent  intervals, 
generally  lying  in  front  of  and  behind  the  artery  when  the  intermuscular 
plane  enclosing  the  artery  lies  anteroposteriorly,  and  usually  lying  to 
the  right  and  left  of  the  artery  when  the  intermuscular-  plane  runs 
transversely.  Nerves  are  distinguished  by  their  known  position ;  their 
white  color;  their  round  contour;  unyielding  consistency  and  non- 
compressibility;  their  appearance  of  being  made  up  of  parallel  bundles; 
their  swelling  neither  proximally,  like  arteries,  nor  peripherally,  like 
veins,  when  compressed  (no  constrictor  being  used). 

Opening  the  sheath  next  follows.  Having  identified  this  structure 
and  brought  it  well  within  the  field,  its  wall  is  to  be  opened  and  the 
contained  artery  exposed  for  the  purpose  of  clearing  a  path  for  the 
aneurism  needle  (Fig.  230).  Only  the  main  vessels  have  a  distinct 
sheath  of  connective  tissue,  and  the  larger  the  artery  the  more  distinct 
the  sheath.  In  some  cases  the  accompanying  vein  and  nerve  are 
included  in  a  common  sheath,  together  with  the  artery,  the  sheath  being 
composed  of  more  of  less  condensed  connective  tissue.  The  smaller 
arteries  are  surrounded  by  a  less  distinct  layer  of  areolar  tissue,  generally 
not  demonstrable  as  a  sheath.  The  sheath  should  be  opened  at  least 
1.3  cm.  (A  in.)  from  any  branch.  With  a  pair  of  finely  pointed 
forceps  pick  up  the  sheath  where  it  is  desired  to  pass  the  ligature,  and 
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in  such  a  way  as  to  raise  the  sheath  in  a  fold  parallel  with  the  long  axis 
of  the  vessel  (Fig.  229,  B).  Let  the  forceps  pick  up  the  sheath  upon  its 
anterior  aspect,  but  slightly  to  one  side  of  the  median  longitudinal 
line,  thereby  leaving  space  to  incise  the  sheath  exactly  in  the  middle 
line.  After  grasping  the  sheath  shift  the  forceps  gently  up  and  down 
to  see  that  the  sheath  held  in  the  bite  of  the  forceps  glides  over  the 
contained  vessel,  proving  thereby  that  no  part  of  the  artery  itself  is 
picked  up.  This  longitudinal  fold  of  the  sheath,  while  held  by  the 
forceps  and  lifted  up  from  the  artery,  is  incised  in  the  long  axis  of  the 
artery  for  a  distance  of  about  6  to  8  mm.  (£  to  §  inch)  (the  shorter  the 
distance  of  separation  of  the  sheath  the  better  to  preserve  the  vasa 
vasorum),  the  flat  surface  of  the  knife  being  turned  to  the  artery  (Fig.  229, 
C).     As  soon  as  the  incision  is  made  in  the  sheath,  a  gap  appears  between 
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Fin.  229. — Ligation  or  an  Artery:  Opening  the  Sheath. 
Retraction  of  adjacent  muscles;  B,  toothed  forceps  raising  sheath  of  artery  in  a  longitudinal 
fold;  C,  incising  sheath  in  long  axis  of  artery;  D,  artery  visible  through  incised  sheath. 


the  wall  of  the  artery  and  the  wall  of  the  sheath  (Fig.  229,  D).  The 
hold  of  the  forceps  upon  the  wall  of  the  sheath  should  be  retained,  not 
being  relaxed  after  once  grasping  the  fold  of  sheath.  In  ligating  smaller 
arteries  which  have  no  well-defined  sheath  the  vessel  is  simply  freed 
of  all  visible  connective  tissue.  (This  axial  division  of  the  sheath  of  the 
artery  is  preferable  to  the  transverse  division  so  often  advised.) 

The  artery  is  now  cleared  for  the  passage  of  the  ligature.  A  path 
for  the  passage  of  the  ligature  between  the  outer  wall  of  the  artery  and 
the  inner  wall  of  the  sheath  is  now  to  be  made,  and  the  best  instrument 
with  which  to  make  it  is  the  dull,  flat  end  of  a  curved  aneurism  needle. 
Having  retained  the  original  hold  of  the  forceps  upon  the  sheath  (Fig.  230, 
B),  insinuate  the  end  of  the  needle  between  this  wall  of  the  sheath  and 
the  artery,  and  while  drawing  this  lip  of  the  sheath  gently  away  from 
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the  artery  carefully  work  the  point  of  the  needle  around  one-half  of  the 
circumference  of  the  artery,  in  the  connective-tissue  plane  between 
artery  and  sheath,  by  a  combination  of  forward  movement  on  the  part 
of  the  tip  of  the  needle,  with  a  side-to-side  movement  on  the  part  of 
the  lateral  margins  of  the  curved  tip  over  a  distance  of  from  6  to  8  mm. 
— {  to  §  inch  (Fig.  230,  C).  Having  thus  cleared  a  path  around  half  the 
vessel  and  still  holding  the  tip  of  the  needle  in  the  path  already  cleared, 
the  forceps  for  the  first  time  relinquish  their  hold  on  the  lip  of  the 
sheath  originally  grasped,  and  grasps  the  opposite  lip  of  the  sheath  and 
similarly  draws  this  part  of  the  sheath  away  from  the  artery  (Fig.  230,  D), 
at  the  same  time  also  similarly  working  the  point  of  the  needle  onward 
and  from  side  to  side,  until  it  clears  a  path  completely  around  the 


Fio.  230. — Ligation  op  an  Artert:  Clearing  the  Artery. 
A,  A,  Retraction  of  adjacent  muscles;  B,  forceps  grasping  nearer  lip  of  sheath;   C,  aneurism 
needle  clearing  artery  in  its  passage  between  sheath  and  vessel;  D,  forceps  grasping  further  lip  of 
sheath;  E,  aneurism  needle  emerging  between  artery  and  further  lip  of  sheath. 

artery  and  appears  between  the  vessel  and  the  further  lip  of  the  sheath 
(Fig.  230,  E).  Throughout  this  entire  maneuver  the  handle  of  the 
needle  is  held  approximately  at  a  right  angle  to  the  vessel,  and  the  tip 
of  the  needle  hugs  the  wall  of  the  artery,  especially  working  under  its 
deepest  part,  particularly  where  a  common  sheath  contains  other 
structures,  and  thereby  is  prevented  from  penetrating  the  sheath  and 
injuring  the  vessels,  nerves,  or  viscera  beyond. 

The  ligature  is  next  passed.  Once  a  passage  has  been  cleared 
between  the  artery  and  sheath,  the  aneurism  needle  readily  traverses 
it,  so  that  as  soon  as  the  needle  has  appeared  on  the  further  side  of  the 
artery  it  is  withdrawn.  The  needle  is  now  threaded  and  carefully 
passed  between  the  vessel  and  sheath,  through  the  previously  cleared 
way,  following  precisely  the  same  course  and  carrying  out  the  same 
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steps,  first  opening  the  entrance  to  the  passage  by  drawing  the  sheath 
away  with  forceps,  then  hugging  the  vessel  in  making  the  circuit,  and 
finally  emerging  on  the  opposite  side  between  the  vessel  and  the  further 
lip  of  the  sheath,  which  the  forceps  have  now  grasped  and  drawn  away 
(Fig.  231).  An  aneurism  needle  may  be  passed  with  a  fine  silk  ligature- 
loop  as  a  carrier,  and  through  this  "  carrier  "  the  proper  ligature  may  be 
threaded  and  drawn  back.  There  is  no  fixed  rule  for  the  direction  in 
which  the  needle  should  be  passed  in  each  case;  the  rule  should  be  that 
the  needle  is  to  be  passed  from  the  more  important  structures  toward 


Fio.  231. — Ligation  of  an  Artert.     (Passing  the  ligature  and  tying  the  knot.) 
A,  A,  Retraction  of  neighboring  parts;  B,  aneurism  needle  carrying  ligature  beneath  artery; 
C.  tenaculum  drawing  one  end  of  ligature  under  artery,  while  aneurism  needle  is  being  withdrawn; 
£>,  tying  the  knot;  F,  retracting  lip  of  sheath. 

Fio.  232. — Knot  Uhed  in  Lioatino  Medium  and  Large  Arteries. 
E,  Two  turns  of  a  friction-knot  followed  by  a  reef-knot,  constituting  a  surgeon's  knot. 


the  least  important,  or  from  the  structures  more  difficult  to  avoid  toward 
those  more  easily  avoided.  Therefore  the  needle  may  enter  the  sheath 
in  the  reverse  order  to  that  in  which  it  has  been  freed  from  the  artery, 
or  vice  versa,  as  seems  safest  and  easiest.  Having  passed  the  needle 
completely  around  the  vessel,  until  its  threaded  eye  protrudes  on  the 
opposite  side,  grasp  one  of  the  threads  of  the  looped  ligature  with 
forceps  or  tenaculum  and,  while  thus  held,  carefully  withdraw  the 
needle,  following  the  curve  of  the  artery  (Fig.  231,  B,  C).  Thus  a  single 
thread  is  left  beneath  the  vessel,  an  end  coming  out  between  the  artery 
and  sheath  on  either  side.     Some  surgeons  pass  the  needle  unthreaded 
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and  thread  the  eye  on  the  opposite  side,  then,  holding  one  arm  of  the 
ligature  with  forceps,  withdraw  the  needle,  with  the  same  result.  There 
is  no  objection  to  this  method  in  simple  cases  where  the  artery  is  accessi- 
ble and  the  threading  easily  done  with  the  needle  in.  situ  (as  in  the  lower 
third  of  the  radial),  but  it  should  not  be  attempted  in  a  region  where 
the  exposure  is  difficult  (as  in  the  retroperitoneal  ligation  of  the  common 
iliac).  Such  an  instrument  as  the  Cleaveland  needle  (ligature  carrier) 
is  preferred  to  the  common  aneurism  needle  by  some,  the  instrument, 
being  passed  under  the  artery  empty,  grasps  the  ligature  on  the  opposite 
side  and  draws  back  one  end  under  the  vessel.  In  arteries  too  small 
to  have  sheaths  the  ligature  is  simply  carried  under  and  around  the 
artery,  which  has  been  freed  of  all  connective  tissue,  the  general  method 
being  the  same  as  just  described. 

Tying  the  Knot. — The  largest 
arteries  are  most  safely  and  satis- 
factorily tied  with  the  "stay-knot" 
of  Ballance  and  Edmunds.  The 
stay-knot  of  these  surgeons  is 
made  by  conducting  two  or  more 
bundles  of  soft  floss  silk  or  two  or 
more  pieces  of  kangaroo  tendon, 
catgut,  silkworm-gut,  or  plain  silk 
around  the  artery,  parallel  with 
each  other  and  side  by  side;  the 
first  hitch  of  a  reef-knot  is  then  tied 
in  each  bundle,  so  that  two  or  more 
knots  lie  side  by  side,  the  force  to 
tie  them  having  been  sufficient  to 
closely  approximate  the  inner  and 
middle  coats  of  the  artery  and 
completely  stop  the  flow,  but  with- 
out rupturing  these  coats  (Fig.  233, 
A,  and  Fig.  234).  A  friction-knot 
is  even  safer  than  the  first  hitch 
of  a  reef-knot  as  the  prelimin- 
ary step,  especially  in   tying   the 

larger  vessels.  After  tying  these  at  first  lightly,  they  are  both  taken 
up  together  and  gently  tightened  simultaneously.  The  two  or  more 
ends  of  the  bundles  are  then  taken  up  on  the  one  side  and  the  two  or 
more  ends  of  the  other  bundles  on  the  opposite  side,  the  several  bundles 
on  each  side  now  being  regarded  as  one,  and  these  two  bundles  are 
tied  in  a  single  knot,  after  the  manner  of  the  second  step  of  a  reef-knot 
(Fig.  233,  B).  Thus  a  knot  is  formed,  the  first  part  of  which  will  not  slip 
while  the  second  is  being  tied  (which  is  apt  to  be  the  case  in  large 
arteries,  especially  if  they  be  pulsating  at  the  time,  thus  allowing  the 
establishment  of  a  small  stream  of  blood).  By  this  method  a  broad 
compression  and  approximation  of  the  arterial  coats  will  be  accom- 
plished, which  will  add  strength  to  the  site  of  ligation  against  secondary 


Fio.  233.- 


Flohh-hilk  Stay-knot  of  Ballance 
and  Edmunds. 


A,  First  stage;  B,  second  stage. 
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hemorrhage.  This  simple  approximation  is  sufficient  to  excite  endothe- 
lial proliferation  and  union  of  the  opposed  surfaces.  It  is  hard  to  draw 
such  a  ligature  tight  enough  to  rupture  the  inner  coats.  An  artery 
with  its  two  inner  coats  ruptured  by  ligation  has  only  the  strength  of 
its  outer  coat  to  withstand  the  strain  of  the  circulation  until  the  sec- 
ondary phenomena  take  place,  which  permanently  strengthen  the  site, 
prior  to  which  secondary  hemorrhage  may  occur.  Several  parallel 
strands  of  smaller  size  chromic  catgut  led  under  the  artery  by  a  carrier 
are  sometimes  used,  thus  securing  width  for  the  ligature  and  the  con- 
sequent distribution  of  pressure.  All  medium-sized  arteries  should  be 
tied  with  a  surgeon's  knot  (a  friction-knot  followed  by  the  second  step 
of  the  reef-knot)  (Fig.  232,  E).     All  small  arteries  are  safely  tied  with 

the  reef-knot  alone.  In  making  tension 
upon  the  ends  of  the  ligature  special  care 
should  be  taken  not  to  lift  the  artery  out  of 
its  sheath.  To  avoid  this  the  tips  of  the 
right  and  left  forefingers  should  come  to- 
gether, end  to  end,  directly  upon  the  knot 
in  the  act  of  being  tied,  and  the  tightening 
should  be  done  by  putting  the  terminal  and 
middle  knuckles  of  the  index-fingers  in  ap- 
position, back  to  back,  and  using  them  as 
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Fig.    234. — The     Stay-knot    or  Fig.  235. — Showing  the  Pleating  of  the   Coats 

Ballanck      and     Edmunds;  or  a  Lioated  Artery  in  Cross-section.    (Modi- 

Siiowinu     the     First    Step  fied  from  Ballance  and  Edmunds.) 
ok  Tying  Three  Kangaroo- 
tendon  Ligatures. 

fulcra  (Fig.  231,  D).  The  thumbs  may  be  similarly  used  instead  of  the 
forefingers.  It  is  a  disputed  point  as  to  how  much  tension  should  be 
used  in  tightening  the  ligature.  It  may  be  said  that  it  is  best  to  tighten 
the  ligature  upon  all  large  vessels  sufficiently  thoroughly  to  approximate 
their  inner  wall  in  pleats,  thereby  completely  closing  the  lumen  without 
rupturing  the  two  inner  coats  (Fig.  235).  The  same  holds  true  of  all 
diseased  vessels,  independently  of  their  size.  All  medium  vessels  may 
be  similarly  ligated.  The  smaller  arteries  generally  have  their  ligatures 
tightened  sufficiently  to  rupture  their  inner  and  middle  coats.  A 
tightening  almost  sufficient  to  sever  all  coats,  especially  when  using  silk, 
is  distinctly  to  be  avoided.  Secondary  hemorrhage  seems  less  frequent 
and  the  strength  of  the  vessel  greater  when  the  vessels  are  only  con- 
stricted enough  to  closely  approximate  the  two  inner  coats  without 
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causing  their  rupture.  All  knots  should  be  cut  comparatively  short. 
A  round  ligature  tightly  drawn  will  rupture  the  inner  coats.  A  broad 
ligature  will  do  so  far  less  readily. 

The  Closure  of  the  Wounds. — Where  a  large,  well-marked  sheath 
has  been  opened  in  exposing  the  artery,  although  not  absolutely  neces- 
sary, it  is  well  to  unite  the  edges  of 
the  sheath  by  one  or  two  fine  catgut 
sutures.  Where  any  muscle  tissue 
has  been  incised  in  order  to  reach 
the  artery  it  is  usually  best  to  re- 
pair the  divided  muscle  tissue  by  a 
catgut  suture  passed  through  the  lips 
of  the  muscle  wound,  which  suture 
becomes  buried  in  the  final  steps  of 
the  operation.  Where  deep  inter- 
muscular planes  have  been  opened 
up  and  dead  spaces  are  apt  to  be 
left,  it  is  advisable  to  put  in  a  few 
buried  catgut  sutures  through  the 
muscle  tissue,  drawing  together  the 
muscles  into  their  normal  inter- 
muscular cleavage  line.  Where  no 
muscle  has  been  wounded,  and  in 
the  final  step  of  those  cases  where 
muscle  has  been  incised  and  sutured, 
complete  closure  of  the  wound  is  ac- 
complished by  a  line  of  interrupted 
silkworm-gut  sutures,  the  suturing 
being  materially  aided  by  putting 
the  wound  on  the  stretch  by  a 
wound-hook  in  either  end  (Fig. 
236).  No  form  of  drainage  is  used 
in  clean  cases.  A  simple  gauze  and 
cotton  dressing,  held  in  place  by  a 
bandage,  completes  the  dressing. 

The  after-treatment  is  simple 
in  the  ligation  of  the  smaller  arteries. 
Where  a  large  artery  is  ligated  a 
splint  should  be  incorporated  in  the 
dressing  where  feasible,  in  order  to 
control  all  movement  of  this  part. 
In  the  case  of  the  main  artery  of  the 
limb,  the  limb  should  be  incased  in 

cotton,  and  artificial  warmth  should  be  applied  in  addition  until  the 
new  circulation  is  established.  The  limb  is  elevated  in  bed  to  favor 
venous  return.  The  skin  sutures  are  removed  from  the  fifth  to  the 
seventh  day,  according  to  circumstances.  A  rest  in  bed  of  from  two  to 
four  weeks  is  required  in  the  ligation  of  the  larger  arteries. 


Fio.  236. — Illustrating  tub  Manner  of 
Suturing  the  Wound,  the  Eduem  or 
which  are  Put  upon  the  Stretch  by 
Wound-hooks  at  Either  End. 

Interrupted  sutures  are  shown  at  one  end. 
ana  continuous  suturing  at  the  other. 
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The  local  results  of  ligation  consist  of  the  obliteration  of  the  artery 
at  the  site  of  ligation  and  of  the  establishment  of  a  new  (collateral) 
circulation. 


1 


Fig.  237. — Incisions*  for  Ligation  of  Chief  Arteries  of  Head  and  Neck. 
A,  A,  Innominate,  by  angular  incision;  B.  B.  same,  by  oblique  incision;  C.  C,  same,  by  partial 
bony  resection,  through  an  oblique  incision;  D,  D,  same,  by  partial  bony  resection  ( Bardenheuer's 
operation);  E,  same,  by  splitting  manubrium;  F,  common  carotid,  above  omohyoid;  G.  same,  below 
omohyoid;  H,  external  carotid,  below  digastric;  I,  same,  above  digastric;  J,  thyroid,  at  origin; 
K.  lingual,  at  origin;  L,  lingual,  beneath  hyoglossus;  M,  facial,  over  inferior  maxilla;  N,  occipital, 
behind  mastoid  process;  O,  temporal,  just  above  zygoma;  P,  trunk  of  middle  meningeal,  by  trephine 
opening  exposed  by  curved  oblique  incNiou  (lower  of  two  trephine  openings);  Q,  anterior  branch 
of  middle  meningeal,  by  trephine  opening  exposed  by  horseshoe  incision  (higher  of  two  trephine 
openings);  R.  posterior  branch  of  middle  meningeal,  by  trephine  opening  exposed  by  horseshoe 
incision;  S,  internal  carotid,  near  origin;  T.  third  part  of  subclavian;  U,  transversafis  colli  and 
suprascapular,  at  outer  margin  of  stemomastoid;  V,  internal  mammary,  in  second  intercostal  space; 
\Y,  first  part  of  axillary,  by  curved  transverse  incision  below  clavicle. 


The  chief  dangers  in  the  ligation  of  arteries  are  secondary  hemor- 
rhage, gangrene,  and  infection. 
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The  following  observations  may  be  made  in  conclusion:  (a)  Where 
it  is  difficult  or  impossible  to  separate  one  or  more  veins  from  the  artery, 
the  artery  and  vein  or  veins  may  be  included  in  the  one  ligature.  (6) 
Especial  care  should  be  taken  to  avoid  the  inclusion  of  the  smallest 
nerve  in  the  ligature,  (c)  When  a  large  vein  is  wounded,  the  wound 
should  be  at  once  closed  by  lateral  ligature  or  by  suturing,  preferably 
the  former.  If  this  be  not  feasible,  the  vein  should  be  ligated.  All 
medium  and  small  veins  should  be  ligated  if  wounded.  If  the  ligation 
of  the  artery  can  be  accomplished  without  the  likelihood  of  again 
wounding  the  vein,  it  should  be  completed  at  the  original  site.  If  there 
be  danger  of  further  complication,  a  new  site  should  be  chosen  just 
above  or  below  the  one  originally  selected,  (d)  It  is  held  by  some 
that  secondary  hemorrhage  is  less  likely  if  an  artery  be  ligated  in  two 
places,  from  2.5  to  5  cm.  (1-2  inches)  apart,  and  then  divided  between 
these  two  ligatures,  allowing  each  end  to  retract,  upon  the  principle 
that  the  arteries  of  the  body  are  constantly  under  longitudinal  tension 
and,  when  ligated  in  continuity  (especially  where  the  inner  coats  are 
severed),  there  are  present  the  conditions  calculated  to  predispose 
to  secondary  hemorrhage.  Practical  experience  seems  to  have  borne 
out  the  claim  of  the  double  ligature  with  division,  but  the  operation 
is  not  always  feasible,  especially  in  the  deeper,  larger  vessels,  (e)  All 
ligature  material  should  be  made  thoroughly  pliable  before  being  used. 

LIGATION  OF  SPECIAL  ARTERIES. 

Ligation  of  the  Innominate  Artery.— The  innominate  is  ligated 
for  aneurism  of  the  right  carotid  and  subclavian,  and  of  the  innominate 
itself. 

Several  methods  of  exposing  the  artery  are  in  use,  of  which  those 
given  below  are  the  chief.  Comparatively  speaking,  the  choice  of  ap- 
proach would  be  given  to  non-division  of  muscles,  with  retraction — 
the  oblique  incision  thus  being  preferable  to  the  angular  one — where 
these  incisions  promise  sufficient  room  for  manipulation.  Where  more 
room  is  necessary,  especially  from  abnormal  displacement  of  the  parts 
(as  from  aneurism),  the  angular  incision  or  the  methods  of  partial 
resection  give  more  space  for  the  safe  carrying-out  of  the  necessary 
steps;  and  of  these  latter  the  method  of  partial  resection  of  the  right 
aspect  of  the  manubrioclavicular  region  is  applicable  to  cases  where 
a  more  limited  sacrifice  of  bone  will  suffice;  and  Bardenheuer's  operation, 
or  splitting  of  the  manubrium,  where  the  maximum  space  is  required. 
The  innominate  has  also  been  less  satisfactorily  ligated  through  a  large 
trephine  opening  made  in  the  manubrium  sterni,  after  turning  back  a 
flap  of  soft  parts. 

The  chief  source  of  failure  is  secondary  hemorrhage.  The  common 
carotid  and  vertebral  arteries  should,  therefore,  be  also  tied,  being 
the  main  sources  through  which  the  recurrent  flow  occurs. 

The  free  section  of  muscles  leaves,  by  their  retraction,  a  deep  gap 
at  the  root  of  the  neck  for  infection  and  slow  filling  up.     As  much  re- 
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pairing  of  cut  muscle  tissue  as  possible  by  suturing  should,  conse- 
quently, be  done  in  completing  the  operation.  Provision  for  drainage 
should  be  made  where  much  oozing  is  occurring,  and  temporary  drainage 
is  probably  better  in  all  cases. 

Kangaroo-tendon  and  floss-silk  are  the  best  materials  for  ligatures. 
Artificial  illumination  is  desirable  in  the  deeper  planes  of  the  operation. 
The  line  of  the  artery  runs,  approximately,  from  the  center  of  the 
manubrium  to  the  center  of  the  right  sternoclavicular  joint. 

The  chief  causes  of  death  after  operation  are:  secondary  hemorrhage, 
cellulitis,  pneumonia,  and  pericarditis. 

Ligation  of  the  Innominate  Artery  by  an  Angular  Incision 
(Hott's  Operation). — The  patient  lies  supine,  with  chest  raised,  head 


Fia.  238. — Ligation  ok  the  Innominate  Artery  by  an  Angular  Incision;  almo  of  the  Right 
Common  Carotid  below  the  Omohyoid,  and  ok  the  Vertebral  near  Its  Origin. 
A,  A,  Platysma;   B,  B,  B.  B,  sternomastoid;  C,  C,  sternohyoid;  D,  sternothyroid;  E,  innomi- 
nate artery  bifurcating  into  subclavian  and  common  carotid;  F,  internal  jugular  vein;  G,  pneumo- 
gastric  nerve;  H,  vertebral  artery;  I,  trachea;  J,  thyroid  gland;  K,  right  sternoclavicular  articulation. 


backward,  and  to  opposite  side.  The  surgeon  is  to  the  outer  side  of 
the  shoulder.     His  assistant  stands  opposite. 

The  landmarks  are  the  clavicle,  sternomastoid  muscle,  and  sterno- 
clavicular joint. 

The  incision  is  ^-shaped.  The  horizontal  portion  of  the  incision 
is  made  along  the  upper  margin  of  the  inner  third  of  the  clavicle  for  a 
distance  of  about  7.5  cm.  (3  in.).  The  oblique  portion  (meeting  the 
horizontal  at  an  acute  angle)  is  made  along  the  anterior  margin  of  the 
sternomastoid,  for  about  7.5  cm.  (3  in.)  (Fig.  237,  A). 

Having  incised  the  skin  and  superficial  fascia,  the  triangular  flap 
thus  outlined    is  dissected  upward  (Fig.  238).     Cut  the  sternal  and 
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clavicular  attachments  of  the  sternomastoid  as  far  as  exposed.  The 
sternohyoid  and  sternothyroid  muscles  are  also  cut  or  are  nicked  and 
drawn  well  inward.  Expose  and  double  ligate  the  anterior  jugular 
vein  and  divide  it  between  its  two  ligatures  as  it  lies  between  the 
sternomastoid;  and  also  the  right  inferior  thyroid  vein.  Divide  the 
deep  cervical  fascia  along  the  original  lines  of  the  incision,  thus  exposing 
the  common  carotid.  Open  its  sheath  and  follow  it  to  its  origin, 
avoiding  the  recurrent  laryngeal  nerve.  Thus  guided  to  the  innominate, 
clear  its  trunk — with  especial  care  on  the  outer  side  of  the  pneumo- 


Fig.  239. — Ligation  of  Innominate  by  Oblique  Incihion;  Also  of  Right  Common  Carotid 
below  Omohyoid;  Vehtebkal  near  Origin;  and  Inferior  Thyroid  near  Origin. 
A,  Platysma;  B,  sternomastoid  retracted  outward  and  downward;  C,  right  sternoclavicular 
articulation;  E,  manubrium  sterni;  F,  omohyoid;  G,  sternohyoid;  H,  sternothyroid;  I,  thyroid 
gland;  J.  innominate  artery  dividing  into  common  carotid  and  subclavian;  L,  inferior  thyroid;  M, 
vertebral;  N,  right  innominate  vein,  with  subclavian  and  internal  jugular;  O,  pneumngastric; 
P,  recurrent  laryngeal;  R,  nerves  from  loop  between  communicans  and  descendens  hypoglossi;  S, 
superficial  cervical  nerves. 

gastric  nerve,  right  innominate  vein,  and  pleura — and  pass  the  needle 
from  these  structures. 

Ligation  of  the  Innominate  by  an  Oblique  Incision. — The 
position  of  the  patient  and  operators,  as  well  as  the  landmarks  of  the 
operation,  are  the  same  as  for  Mott's  exposure  just  given. 

The  incision  begins  at  the  junction  of  the  middle  and  lower  thirds 
of  the  anterior  border  of  the  right  sternomastoid  muscle,  passes  down 
along  the  lower  third  of  its  anterior  margin,  and  thence  sweeps  over 
the  upper  edge  of  the  episternal  notch  onto  the  manubrium  sterni 
(Fig.  237,  B,  B). 


670  LIGATION    OF    ARTERIES. 

Incise  the  skin,  superficial  fascia,  platysma,  and  deep  fascia  (Fig.  239). 
Tie  the  anterior  jugular  vein  between  two  ligatures;  also  ligate  the  trans- 
verse branch  between  the  two  anterior  jugulars  if  in  the  way.  Draw 
the  sternomastoid  outward,  and,  if  necessary,  its  inner,  sternal  portion 
may  be  divided.  Draw  inward  the  sternohyoid  and  sternothyroid 
muscles,  dividing,  if  need  be,  the  sternal  attachments  in  whole  or  in 
part.  Incise  the  deep  cervical  fascia  over  the  carotid  sheath.  Open 
the  sheath  and  follow  the  common  carotid  behind  the  sternoclavicular 
articulation  to  the  subclavian  and  to  the  innominate,  guarding  the 
recurrent  laryngeal  nerve  behind  the  common  carotid  sheath.  Ligate 
the  right  inferior  thyroid  vein.  Clear  the  innominate  artery,  avoiding 
the  left  innominate  vein  in  front,  the  right  pleura  behind,  and  the 
right  pneumogastric  nerve,  right  innominate  vein,  and  right  pleura  to 
the  right.  By  the  separation  and  retraction  of  the  muscles  here  de- 
scribed less  damage  is  done  to  the  parts  and  less  of  a  cavity  is  left  than 
after  the  operation  by  angular  incision. 

Ligation  of  the  Innominate  by  Partial  Bony  Resection  through 
Transverse  and  Vertical  Incisions  (Bardenheuer's  Operation). — 
The  following  parts  are  excised  through  a  combined  transverse  and 
vertical  incision:  the  right  and  left  sternoclavicular  articulations,  the 
sternal  ends  of  right  and  left  first  ribs,  the  sternal  end  of  the  right 
second  rib,  and  the  upper  2.5  cm.  (1  in.)  of  the  manubrium,  thus 
exposing  the  innominate. 

The  position  of  the  principals  in  the  operation  are  as  in  Mott's 
operation,  given  above. 

The  landmarks  are  the  suprasternal  notch  and  manubrium,  the 
sternal  ends  of  the  clavicles,  and  the  inferior  margin  of  the  thyroid 
cartilage. 

The  parts  are  approached  through  a  double  incision.  The  transverse 
incision  passes  along  the  upper  border  of  the  sternum  and  over  the 
surface  of  the  inner  thirds  of  both  clavicles.  The  vertical  incision 
extends  from  the  lower  border  of  the  larynx  down  the  median  line, 
and  well  on  to  the  manubrium  sterni  (Fig.  237,  D,  D). 

Carry  both  incisions  through  the  skin  and  superficial  and  deep  fascia. 
In  the  transverse  incision  divide  the  sternomastoid,  sternohyoids,  and 
sternothyroids.  Subperiosteally  resect  (with  Gigli  saw,  rongeur,  bone- 
cutting  forceps,  or  chisel)  the  inner  extremities  of  the  left  clavicle  and 
the  left  first  rib  for  about  1.3  cm.  {\  in.)  of  their  extent.  Having  made 
this  exposure  of  the  upper  and  outer  portion  of  the  manubrium  upon 
its  left  aspect,  free,  through  this  approach,  the  posterior  surface 
of  the  manubrium  subperiosteally.  The  manubrium  is  then  cut 
transversely  through  at  a  level  about  2.5  cm.  (1  in.)  below  its  upper 
border,  the  division  being  accomplished,  preferably,  by  a  Gigli  saw 
conducted  beneath  the  bone,  between  it  and  the  periosteum.  The 
sternal  ends  of  the  right  clavicle  and  the  right  first  and  second  ribs, 
after  having  been  well  cleared,  are  divided  close  to  the  outer  margin 
of  the  sternum,  in  the  same  manner  as  the  manubrium  was  divided. 
The  mass  of  bone  detached  by  the  above  cuts  is  now  removed.    The 
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periosteum  is  then  incised  in  the  median  line,  the  inferior  thyroid  veins 
ligated,  the  left  innominate  vein  depressed,  the  right  innominate  vein 
retracted,  the  right  pneumogastric  nerve  and  pleura  guarded  on  the 
outer  side  and  behind,  the  innominate  artery  cleared,  and  the  ligature 
passed  from  the  pleura  and  the  pneumogastric. 

Ligation  of  the  Innominate  by  Splitting  the  Manubrium  Sterni. 
— The  manubrium  is  exposed  by  a  transverse  incision,  divided  trans- 
versely at  its  junction  with  the  gladiolus,  then  split  vertically  at  its 
center,  followed  by  the  separation  of  the  two  halves  of  the  manubrium 
and  the  exposure  of  the  innominate.  Upon  completing  the  operation 
the  bony  parts  are  returned  to  their  normal  positions,  with  or  with- 
out suturing  of  the  edges  of  the  vertically  divided  manubrium  into 
apposition. 

The  patient  is  supine,  with  shoulders  raised  and  neck  prominent. 
The  surgeon  is  upon  the  right  side,  the  assistant  opposite. 

The  landmarks  are:  the  sternoclavicular  articulations;  lower  border 
of  manubrium  (marked  by  the  line  extending  transversely  across 
between  the  articulations  of  the  second  ribs). 

The  site  is  reached  through  a  curved  transverse  incision,  passing 
from  the  inner  third  of  the  anterior  surface  of  one  clavicle  to  the  inner 
third  of  the  anterior  surface  of  the  opposite  clavicle,  and  passing  down 
over  the  manubrium  to  the  junction  of  its  upper  and  middle  thirds 
(Fig.  237,  E). 

Having  incised  the  skin,  fascia,  and  anterior  borders  of  the  platysma 
down  to  the  bone,  clamp  and  tie  all  bleeding  vessels.  Free  the  manu- 
brium subperiosteally  over  its  anterior  surface  downward  to  the  junction 
of  the  manubrium  and  gladiolus,  and  upward  to  its  superior  border. 
Follow  the  superior  border  backward  and  downward  along  its  posterior 
aspect,  also  freeing  the  surface  subperiosteally  as  far  as  the  junction  of 
the  manubrium  and  gladiolus.  Retract  the  overlying  soft  parts  on  the 
anterior  aspect  of  the  manubrium  and  divide  the  sternum  along  the 
manubriogladiolar  junction,  accomplishing  the  division  with  a  Gigli 
saw,  if  one  can  be  conducted  across  beneath  the  bone,  or  by  bone- 
cutting  forceps.  Through  the  opening  thus  made  by  the  transverse 
division  carry  a  Gigli  saw  from  the  center  of  the  lower  border  of  the 
divided  manubrium  to  the  center  of  the  suprasternal  notch,  and  divide 
the  manubrium  vertically  in  its  center,  cutting  from  the  manubrio- 
gladiolar junction  upward  toward  the  free  superior  border,  the  Gigli 
saw  traveling  between  the  posterior  surface  of  the  manubrium  in 
front  and  its  periosteum  posteriorly.  After  the  completion  of  the 
vertical  section  retract  the  two  halves  of  the  manubrium  laterally,  incise 
the  posterior  periosteum,  ligate  the  inferior  thyroid  veins,  depress  the 
left  innominate  vein,  retract  the  right  innominate  vein,  guard  the  right 
pneumogastric  and  pleura  externally  and  posteriorly,  clear  the  innomi- 
nate, and  pass  the  ligature  from  the  pleura  and  pneumogastric.  Where 
it  is  wished  to  suture  together  the  vertical  borders  of  the  split  manu- 
brium, at  the  end  of  the  operation,  two  or  three  holes  should  be  drilled 
on  each  side  as  soon  as  the  manubrium  has  been  exposed  anteriorly 
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and  posteriorly  and  before  its  division,  the  soft  parts  below  being  pro- 
tected by  some  thin,  flat  metallic  instrument  during  the  drilling. 

Ligation  of  the  Common  Carotid.— The  indications  for  ligation 
of  the  common  carotids  are  wounds  of  the  vessels  themselves  and  of 
the  branches  of  the  external  and  internal  carotids;  distal  and  proximal 
aneurisms;  distal  angeiomata;  as  a  temporary  ligature;  to  limit  the 
growth  of  inoperable  tumors;  to  control  hemorrhage  from  areas  supplied 
by  distal  branches. 

The  line  of  the  artery  (with  the  head  turned  moderately  to  the 
opposite  side  and  upward)  extends  from  the  sternoclavicular  articula- 
tion to  a  point  midway  between  the  angle  of  the  jaw  and  the  tip  of  the 
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Fig.  240. — Ligation  op  Right  Common  Carotid  Above  Omohyoid. 
A,  A,  Platysma;  B,  sternomastoid  (retracted  outward);  C,  omohyoid  (retracted  downward); 
D,  sternothyroid;  E,  common  carotid  (its  sheath  incised  above  omohyoid);  F,  sternomastoid  artery; 
G,  internal  jugular  vein;  H,  superior  thyroid  vein;  1,  inferior  thyroid  vein;  J,  communicating 
vein  between  anterior  and  external  jugular;  K,  one  of  transversalis  colli  nerves;  L,  nerves  from 
loop  between  descendens  and  communicans  hypoglossi. 


mastoid  process,  that  portion  of  this  line  between  the  sternoclavicular 
articulation  and  the  level  of  the  upper  border  of  the  thryoid  cartilage 
representing  the  common  carotid.  The  course  of  the  artery  would  be 
more  accurately  represented  by  a  line  from  the  clavicle  a  little  external 
to  the  sternoclavicular  articulation.  The  anterior  margin  of  the  sterno- 
mastoid  muscle  overlaps  the  carotid  throughout.  The  omohyoid  muscle 
crosses  the  carotid  opposite  and  directly  over  Chassaignac's  "  carotid 
tubercle''  (the  costal  process  of  the  sixth  cervical  vertebra),  which  is 
about  6.3  cm.  (2£  in.)  above  the  clavicle. 

The  common  carotid  may  be  ligated  above  the  omohyoid,  which 
constitutes  the  place  of  election,  or  below  the  omohyoid,  where  the 
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depth  of  the  artery  and  the  nature  of  the  relations  makes  the  operation 
more  difficult  and  more  fatal  (Fig.  237,  F  and  G). 

Ligation  of  the  Common  Carotid  Above  the  Omohyoid  Muscle. — 
The  patinet  is  supine,  with  shoulders  elevated,  neck  prominent,  and 
chin  upward  and  to  opposite  side.  The  surgeon  stands  on  the  side  of 
the  operation  or  on  the  right  for  both  sides. 

The  landmarks  for  the  vessel  are  the  anterior  border  of  the  sterno- 
mastoid and  the  cricoid  cartilage. 

The  incision  is  about  7.5  cm.  (3  in.)  in  length,  with  its  center  at 
the  level  of  the  cricoid  cartilage,  and  lying  in  the  line  of  the  artery. 


CEFD 


Fig.  241. — Cross-section  or  the  Neck  at  the  Level  of  the  Seventh  Cervical  Vertebra. 

(Modified  from  Braune.) 
A,  A,  Scaleni  muscles;  B,  B,  sternocleidomastoid  muscles;  C,  C,  sternohyoid  and  sternothyroid 


muscles; 
veins; 


les;  D.  D,  common  carotid  arteries  and  internal  jugular  veins;  E,  E,  vertebral  arteries  and 
;  F,  F,  inferior  thyroid  arteries  and  veins. 


Incise  the  skin,  superficial  fascia,  and  platysma.  The  superficial 
veins  connecting  the  anterior  and  external  jugulars,  and  sometimes 
intercommunicating  veins  between  the  fascial  and  anterior  jugular, 
as  well  as  cutaneous  nerves,  are  encountered  (Fig.  240).  Divide  the 
deep  fascia  along  the  anterior  border  of  the  sternomastoid  and  open 
up  the  cellular  tissue.  The  upper  border  of  the  omohyoid  is  here 
exposed,  either  by  direct  incision  or  by  following  up  the  anterior  border 
of  the  sternomastoid. 

Having  identified  the  intersection  of  the  sternomastoid  and  omo- 
hyoid, the  omohyoid  is  retracted  downward  (or  may  be  divided  if  in 
vol.  v — 43 
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the  way),  and  the  sternomastoid  outward.  Flexing  the  chin  aids  during 
these  manipulations  by  relaxing  the  parts.  The  common  carotid  is 
now  located  as  it  crosses  the  carotid  tubercle  (v.  s.)  Clear  the  sheath 
of  the  artery,  avoiding  or  tying  the  sternomastoid  artery  and  the 
superior  and  middle  thyroid  veins.  Carefully  incise  the  sheath,  ap- 
proaching from  the  inner  side  to  avoid  the  descendens  hypoglossi  nerve 
(which  is  generally  upon  the  antero-external  aspect  of  the  sheath) 
and  the  internal  jugular  vein,  and  see  that  the  artery  is  freed  from  its 
sheath  in  its  entire  circumference  (Fig.  241).  Pass  the  needle  from  the 
internal  jugular  and  pneumogastric  nerve. 

Ligation  of  the  Common  Carotid  Below  the  Omohyoid  Muscle. — 
The  position  and  landmarks  are  the  same  as  in  the  above  operation. 

An  incision,  about  7.5  cm.  (3  in.)  in  length,  is  made  in  the  line 
of  the  artery,  from  just  below  the  cricoid  cartilage  to  just  above  the 
sternoclavicular  articulation  (Fig.  237,  G). 

Incise  the  skin,  superficial  fascia,  and  platysma.  Here  are  en- 
countered the  superficial  veins  between  the  facial  and  anterior  and 
external  jugular  veins  and  the  cutaneous  cervical  nerves.  Divide  the 
deep  fascia  along  the  anterior  border  of  the  sternomastoid.  Expose 
the  inner  border  of  this  muscle,  flexing  the  head  to  relax  the  parts. 
The  sternohyoid  is  then  exposed  and  sometimes  the  underlying  sterno- 
thyroid. The  omohyoid  is,  ordinarily,  not  brought  into  the  field  of 
operation.  These  muscles,  if  encountered,  are  retracted  in  their  respec- 
tive directions,  or  may  be  divided  as  far  as  necessary.  Tie  the  inferior 
thyroid  veins.  The  sheath  of  the  vessel  is  to  be  exposed  as,  and  with 
the  precautions,  mentioned  in  the  above  operation.  The  recurrent 
laryngeal  nerve  and  the  inferior  thyroid  artery  are  to  be  especially 
guarded  in  operating  at  this  site. 

The  ligation  of  the  common  carotid  is  more  difficult  on  the  left  side, 
owing  to  the  nearness  of  the  internal  jugular  vein. 

The  common  carotid  may  be  temporarily  ligated,  where  it  is  necessary 
to  control  bleeding  in  the  field  supplied  by  the  vessel  or  its  branches. 
This  is  best  accomplished  by  passing  a  ligature-loop  of  floss  silk  beneath 
the  artery,  by  means  of  which  the  vessel  is  gently  lifted  forward  when 
it  is  desired  to  stop  the  flow,  the  ligature  being  withdrawn  at  the  end 
of  the  operation. 

Ligation  of  the  External  Carotid  Artery.— The  indications  for 
ligation  are:  wrounds  and  aneurism  of  the  main  trunk  and  branches, 
hemorrhage  from  the  areas  supplied  by  the  branches,  as  a  palliative 
in  malignant  growths,  as  a  preliminary  to  operations  in  the  general 
area  of  supply,  and  aneurism  by  anastomosis  in  the  region  of  the 
trunks. 

The  line  of  the  external  carotid  is  the  same  as  the  line  given  for  the 
upper  part  of  the  common  carotid  (p.  672). 

The  external  carotid  may  be  ligated  in  two  sites:  belowT  the  digastric 
(between  the  superior  thyroid  and  lingual  branches),  the  place  of  elec- 
tion, where  the  operation  is  easier  and  more  branches  are  thus  controlled ; 
above  the  digastric,  where  the  operation  is  more  difficult  and  more  apt 
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to  involve  branches  of  the  facial  nerve.  The  digastric  muscle  crosses 
the  artery  about  3.2  cm.  (1{  in.)  above  its  origin,  opposite  the  upper 
border  of  the  thyroid  cartilage.  The  lingual  artery  arises  opposite  the 
great  cornu  of  the  hyoid  bone.     (Fig.  237,  H  and  I.) 

The  external  carotid  may  be  distinguished  from  the  internal  carotid 
by  the  presence  of  its  branches  and  by  being  to  the  inner  side  of  the 
external  carotid.  The  ligation  of  the  external  carotid  is  now  generally 
done  where  formerly  the  common  carotid  was  ligated  for  conditions 
of  the  former  vessel  and  its  branches — the  practicability  and  desir- 
ability of  the  operation  having  been  demonstrated  by  the  work  of 
Wyeth.  r    _. 


Fia.  242. — Ligation  of  Right  External  Carotid  Below  Digastric;  and  also  of  Internal 
Carotid,  Superior  Thyroid,  Lingual,  Facial,  and  Occipital,  near  Origin. 
A,  Superficial  fascia;  B,  B,  platysma;  C,  cervical  fascia;  D,  sternomastoid  (retracted outward); 
E,  posterior  belly  of  digastric;  F,  hyoglossus,  with  lingual  artery  disappearing  beneath  it;  G, 
thyrohyoid  muscle;  H,  middle  constrictor  muscle;  I,  inferior  constrictor  muscle;  J,  tip  of  great  cornu 
of  hyoid  bone;  K,  external  carotid  artery;  L,  internal  carotid;  M,  superior  thyroid;  N\  facial;  O, 
occipital;  P,  internal  jugular  vein;  O,  lingual  and  facial  veins  emptying  into  internal  jugular;  R, 
superior  thyroid  vein;  S,  hypoglossal  nerve;  T,  descendens  noni  nerve. 

Ligation  of  the  External  Carotid  Artery  Below  the  Digastric 
Muscle. — The  position  of  the  principals  in  the  operation  is  as  for  the 
ligation  of  the  common  carotid  (p.  673). 

The  landmarks  are  the  sternomastoid  muscle,  thyroid  cartilage, 
and  angle  of  the  jaw. 

The  incision  is  about  7.5  cm.  (3  in.),  extending  along  the  anterior 
border  of  the  sternomastoid  or  slightly  in  front  of  the  border,  from  the 
level  of  the  middle  of  the  thyroid  cartilage  to  near  the  angle  of  the 
jaw  (Fig.  237,  H). 

Incise  the  skin,  superficial  fascia,  and  platysma  (Fig.  242).  Tie 
any  veins  which  may  lie  in  the  line  of  the  incision.     Divide  the  deep 
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fascia  and  expose  the  anterior  border  of  the  sternomastoid  and  draw 
it  outward.  Find  the  posterior  belly  of  the  digastric  at  the  upper  angle 
of  the  wound.  Next,  locate  the  hypoglossal  nerve,  crossing  the  external 
carotid  below  the  origin  of  the  occipital  artery.  Locate  the  tip  of  the 
great  cornu  of  the  hyoid  bone,  opposite  which  the  lingual  artery  arises. 
Having  fixed  the  location  of  these  three  structures,  and  avoiding  the 
superior  thyroid,  facial,  and  lingual  veins,  expose  the  artery  opposite 
the  tip  of  the  great  cornu  of  the  hyoid.  Clear  the  sheath  and  pass  the 
ligature  between  the  superior  thyroid  and  lingual  branches,  guarding 
the  descendens  hypoglossi  nerve  in  front  and  the  superior  laryngeal 
nerve  passing  behind  the  artery,  directing  the  needle  from  the  internal 
carotid.  The  operation  is  not  an  easy  one  and  it  is  often  difficult  to 
recognize  the  branches.  Jacobson  advises  the  simultaneous  ligation 
of  the  superior  thyroid,  the  lingual,  and,  if  possible,  the  ascending 
pharyngeal  branches,  on  account  of  secondary  hemorrhage. 

Ligation  of  the  External  Carotid  Above  the  Digastric  Muscle. — 
The  position  of  the  patient  and  operator  is  as  for  the  ligation  of  the 
common  carotid  (p.  673). 

The  landmarks  are  the  line  of  the  artery  (page  672)  and  the  ramus 
of  the  inferior  maxilla. 

The  incision  extends  from  the  tragus  of  the  ear  to  below  the  angle 
of  the  inferior  maxilla,  placed  just  behind  the  ramus  of  the  jaw,  in  the 
line  of  the  artery  (Fig.  237,  I). 

Incise  the  skin  and  superficial  fascia.  Avoid  or  doubly  ligate  and 
incise  the  tributaries  of  the  external  jugular  and  facial  veins.  Divide 
the  deep  fascia.  Expose  the  anterior  border  of  the  sternomastoid  and 
retract  outward.  Expose  the  posterior  belly  of  the  digastric  and  stylo- 
hyoid and  draw  downward,  partially  or  entirely  dividing  them,  if  nec- 
essary. Avoid  the  branches  of  the  facial  nerve.  Expose  the  parotid 
gland  and  draw  upward  and  forward,  thus  exposing  the  vessel.  Clear 
the  artery  and  open  its  sheath,  and  pass  the  ligature  around  the  artery 
prior  to  its  entrance  into  the  substance  of  the  parotid  gland.  Repair 
by  suturing  wrhatever  may  have  been  incised. 

Ligation  of  the  Lingual  Branch  of  the  External  Carotid.— 
The  lingual  is  usually  ligated  in  connection  with  operations  upon  the 
tongue. 

The  first  portion  of  the  lingual  lies  between  the  external  carotid 
and  the  hyoglossus  muscle,  the  second  portion  lies  under  the  hyoglossus, 
and  the  third  portion  extends  beyond  the  hyoglossus.  The  artery 
is  generally  ligated  in  its  first  or  second  parts;  of  these,  the  second 
part  is  preferable. 

Ligation  of  the  Second  Part  of  the  Lingual  Beneath  the  Hyo- 
glossus.— The  patient  is  supine,  with  shoulders  raised,  neck  prominent, 
head  to  opposite  side,  and  chin  upward.  The  surgeon  is  on  the  side  of 
the  operation,  cutting  from  before  backward  on  the  right,  and  vice 
versa. 

The  landmarks  are  the  lower  border  of  the  inferior  maxilla,  the 
facial  artery  crossing  the  inferior  maxilla,  and  the  hyoid  bone. 


LIGATION    OF    SPECIAL    ARTERIES.  677 

The  incision  is  curved,  beginning  just  below  and  external  to  the 
symphysis  menti,  and  ending  just  below  and  internal  to  the  crossing 
of  the  facial  artery  over  the  inferior  maxilla,  its  center  being  just  above 
the  greater  cornu  of  the  hyoid  bone  (Fig.  237,  L). 

Incise  the  skin,  superficial  fascia,  platysma,  and  deep  fascia.  Avoid 
or  ligate  the  tributaries  of  the  facial,  anterior  jugular,  or  temporo- 
maxillary  veins.  Incise  the  transverse  cervical  fascia  over  the  sub- 
maxillary gland,  exposing  the  gland  and  retracting  it  upward,  out  of  its 
bed,  over  the  margin  of  the  lower  jaw  (Fig.  243).     Incise  transversely 
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Fig.  243. — Ligation  of  Right  Lingual  Artery  Beneath  Hyoglopsub. 

A,  A,  Platysma;  B,  transverse  cervical  fascia  over  submaxillary*  gland;  C,  deep  transverse 
cervical  fascia  under  submaxillary  gland;  D,  submaxillary  gland;  E,  hyoid  bone;  F,  anterior  belly 
of  digastric;  G,  posterior  belly  of  digastric:  H,  stylohyoid;  I,  mylohyoid;  .1,  hyoglossus;  K.  omohyoid; 
L,  thyrohyoid;  M,  lingual  artery  seen  through  incision  in  hyoglossus;  N.  submental  artery;  O,  trib- 
utary of  temporomaxillary  vein;  P,  tributary'  of  anterior  jugular  vein;  Q,  raninevein;  It,  trans- 
verse cervical  nerve;  S,  superior  laryngeal  nerve  and  vessels;  T,  hypoglossus  nerve. 

the  deep  cervical  fascia,  exposing  the  submaxillary  gland  by  lifting  it 
out  of  its  bed,  and  identify  the  mylohyoid  muscle  in  the  anterior  aspect 
of  the  wound.  Expose  the  two  bellies  of  the  digastric,  and  firmly 
retract  them  downward  at  their  point  of  attachment  to  the  hyoid  bone, 
which  steadies  the  parts  and  renders  the  hyoglossus  more  prominent. 
Clear  the  surface  of  the  hyoglossus  and  identify  the  hypoglossal  nerve 
crossing  its  anterior  aspect.  The  ranine  vein  crosses  the  same  surface 
just  below  and  parallel  with  the  nerve  and  at  about  the  same  level 
as  the  artery  lies  on  the  opposite  side  of  the  muscle.     Retract  both 
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the  hypoglossal  nerve  and  the  ranine  vein  upward.  Divide  the  hyo- 
glossus  transversely  for  about  1.3  cm.  (A  in.)  just  above  and  parallel 
with  the  hyoid  bone.  This  incision  falls  just  over  the  artery,  which 
generally  bulges  into  the  opening  as  soon  as  it  is  made,  or  through  which 
it  is  easily  reached.  Having  isolated  the  artery,  trace  it  backward 
until  the  dorsalis  linguae  branch  is  reached,  so  that  the  ligature  may  be 
placed  upon  its  proximal  side.  Having  passed  the  ligature,  replace 
the  submaxillary  gland  and  close  the  wound.  Before  completing 
the  operation  the  fascia  of  the  submaxillary  gland  may  be  sutured  over 
it,  and  the  incision  in  the  hyoglossus  may  be  repaired  by  suturing,  if 
either  be  considered  indicated. 

Ligation  of  the  Facial  Branch  of  the  External  Carotid.— 
The  indications  for  ligation  of  the  facial  are  wounds  and  aneurism. 


Fig.  244. — Ligation  of  Right  Facial  Over  Border  of  Inferior  Maxilla. 
A,  Cervical  fascia;  B,  platysma;  (\  deep  cervical  fascia;  D.  submaxillary  gland;  E.  mylohyoid 
muscle;   F,  inferior  maxilla;  (J,  masseter  muscle;   H,  depressor  anguli  oris;   I,  facial  artery;  J,  facial 
vein;  K,  submental  artery;  L,  suprainaxillary  nerve. 


The  usual  site  for  ligation  is  along  the  line  where  the  vessel  crosses 
the  inferior  maxilla.     It  may  also  be  ligated  near  its  origin. 

Ligation  of  the  Facial  Artery  Over  the  Inferior  Maxillary. — 

The  patient  is  supine,  with  shoulders  raised  and  the  head  thrown  back- 
ward to  the  opposite  side.  The  surgeon  stands  upon  the  side  of  the 
operation  or  on  the  right  for  both  operations. 

The  landmarks  are  the  anterior  margin  of  the  masseter  muscle 
and  the  horizontal  portion  of  the  inferior  maxilla. 

The  incision,  about  2.5  cm.  (1  in.)  in  length,  is  placed  along  and 
under  cover  of  the  lower  border  of  the  lower  jaw,  with  its  center  over 
the  course  of  the  artery  (at  the  anterior  margin  of  the  masseter  muscle) 
(Fig.  237,  M). 

Incise  the  skin,  superficial  fascia,  platysma,  and  deep  fascia,  when 
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the  artery  should  come  into  view,  with  the  facial  vein  just  posterior 
to  it.  Avoid  branches  of  the  facial  nerve  (Fig.  244).  Pass  the  ligature 
from  the  vein. 

Ligation  of  the  Occipital  Branch  of  the  External  Carotid.— 
The  indications  for  ligation  are  wounds,  aneurism  of  the  scalp,  and 
hemorrhage  from  abscess. 

The  artery  may  be  ligated  behind  the  mastoid  process  (the  more 
usual  position)  or  near  its  origin,  according  to  the  site  of  lesion  requiring 
ligature. 

Ligation  of  the  Occipital  Branch  of  the  External  Carotid 
Behind  the  Mastoid  Process. — The  patient  is  supine,  with  shoulders 
and  head  elevated,  and  head  turned  well  to  the  opposite  side  (or  the 


Fig.  245. — Ligation  or  Left  Occipital  Artery  Behind  Mahtoid  Procemh. 
A,  Posterior  cervical  fascia;   B,  trapezius  muscle;  C\  sternomastoid;   D,  splenitis  capitis;  E, 
trachelomastoid;   F,  occipital  artery  and  vemr  comitex,  lying  upon  complexus  muscle;  G,  great 
occipital  nerve;  H,  letter  occipital  nerve;  I,  posterior  external  jugular  vein. 

patient  rests  slightly  to  one  side).  The  surgeon  stands  behind  the 
head  on  the  side  of  the  operation. 

The  landmarks  are  the  mastoid  process  and  the  external  occipital 
protuberance. 

The  incision  is  about  5  cm.  (2  in.)  in  length,  beginning  from  the 
tip  of  the  mastoid  process  and  extending  toward  the  external  occipital 
protuberance  (Fig.  237,  N). 

Having  incised  the  skin  and  fascia,  divide  the  posterior  half  of  the 
sternomastoid  and  its  strong  aponeurosis,  then  the  splenitis  capitis, 
next,  as  many  fibers  of  the  trachelomastoid  as  are  in  the  way  (Fig.  245). 
Relax  and  retract  the  muscles  by  turning  the  head  to  the  side  of  the 
operation.  Expose  the  artery  deep  down  l>etween  the  mastoid  process 
of  the  temporal  and  the  transverse  process  of  the  atlas,  resting  upon  the 
superior  oblique  and  complexus  muscles.  Having  separated  from  it 
the  accompanying  veins,  and  having  guarded  the  vein  from  the  mastoid 
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foramen,  the  ligature  is  passed.  The  lesser  occipital  nerve  runs  on  the 
posterior  surface  of  the  sternomastoid,  near  its  posterior  border,  and 
the  great  occipital  nerve  pierces  the  trapezius  muscle  near  its  outer 
border. 

Ligation  of  the  Temporal  Branch  of  the  External  Carotid 
Artery. — The  indications  for  ligation  are  wounds  and  aneurism. 

The  main  trunk  may  be  ligated  just  above  the  root  of  the  zygoma. 
The  anterior  and  posterior  branches  may  be  ligated  about  3.8  to  5  cm. 
(1J-2  in.)  above  the  zygoma. 

Ligation  of  the  Temporal  Artery  Just  Above  the  Zygoma.— 
The  patient  lies  supine,  with  shoulders  raised  and  head  to  the  opposite 
side.  The  surgeon  stands  on  the  side  of  the  operation,  cutting  from 
above  downward  on  the  right,  and  vice  versa,  or  stands  on  the  right  side 

for  both  operations,  cutting  from 
above  downward. 

The  landmarks  are  the  tragus 
of  the  ear,  the  condyle  of  the  jaw, 
and  the  zygoma. 

The  incision  is  vertical,  about 
2.5  to  3.8  cm.  (1-14  in.)  in  length, 
over  the  line  of  the  artery,  with  its 
center  over  the  zygoma  and  ex- 
tending downward  in  the  interval 
between  the  tragus  of  the  ear  and 
the  condyle  of  the  lower  jaw  (Fig. 
237,  O). 

Incise  the  skin  and  dense  sub- 
cutaneous tissue  and  parotid  fascia, 
when  the  artery  will  be  exposed 
lying  quite  superficial,  as  it  crosses 
the  zygoma.  Avoid  the  accom- 
panying vein  posteriorly,  also  avoid 
the  branches  of  the  temporofacial 
division  of  the  facial  nerve  and  the 
The  needle  is  passed  without  diffi- 
culty, as  the  vessel  is  quite  superficial. 

Ligation  of  the  Middle  Meningeal  Artery  in  the  Cranium.— 
The  indication  for  the  ligation  of  this  vessel  is  intracranial  hemorrhage. 
The  common  trunk  may  be  tied  or  the  anterior  or  posterior  branches, 
as  indicated  (Fig.  237,  P,  Q,  R).  The  point  of  bifurcation  is  generally 
given  by  anatomists  as  corresponding,  on  the  exterior  of  the  skull, 
with  a  point  3.8  cm.  (1£  in.)  behind  the  external  angular  process 
of  the  frontal  bone,  and  3.8  to  4.5  cm.  (H-l^  in.)  above  the  zygoma. 
The  anterior  branch  runs  in  a  groove  on  the  great  ala  of  the  sphenoid 
and  the  anterior  inferior  angle  of  the  parietal.  The  posterior  branch 
crosses  the  squamous  portion  of  the  temporal  and  then  enters  the 
groove  on  the  posterior  inferior  angle  of  the  parietal  bone.  In  the 
young  these  measurements  are  less. 


Fig.  246. — Ligation  of  Right  Temporal  Just 
Above  Zygoma. 
A,  Temporal  artery,  with  its  anterior 
and  posterior  bifurcations,  and  its  transverse 
facial,  middle  temporal,  and  anterior  auricular 
branches;  B,  temporal  vein,  with  branches 
corresponding  to  those  of  artery;  C,  temporal 
branches  of  auriculotemporal  nerve;  D,  branch 
of  temporofacial  division  of  facial  nerve;  E, 
temporal  fascia. 


auriculotemporal  nerve  (Fig.  246). 
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The  following  practical  anatomic  points  may  be  summarized:  That 
no  parts  of  the  middle  meningeal  artery  or  its  anterior  or  posterior 
branches  have  fixed  relations,  except  the  main  trunk  at  its  exit  from 
the  foramen  spinosum  and  the  anterior  branch  where  it  crosses  the 
sphenoparietal  suture  to  reach  the  anteroinferior  angle  of  the  parietal. 
That  the  common  trunk  is  generally  present.  That  the  anterior  branch 
may  be  given  off  from  the  orbital  branch  of  the  lacrymal  branch  of 
the  ophthalmic.  That  a  tendency  to  symmetry  exists  upon  the  two 
sides  of  the  skull,  but  is  not  constant.  That  the  anterior  branch  runs 
through  a  bony  canal  in  the  anterior  inferior  angle  of  the  parietal  bone 
in  the  majority  of  cases. 

Ligation  of  the  Main  Trunk  of  the  Middle  Meningeal  Artery 
in  the  Cranium  through  a  Trephine  Opening  Exposed  by  a  Curved 
Oblique  Incision. — The  patient  is  supine,  with  the  head  supported, 
shaved,  and  turned  to  the  opposite  side.  The  surgeon  stands  on  the 
side  of  the  operation. 

The  landmarks  are  the  following:  a  point  is  selected  as  the  center 
of  the  trephine  opening  which  will  fall  over  the  trunk  of  the  artery 
proximal  to  its  bifurcation,  and  which  is  taken  to  be  about  3.8  cm. 
(H  in.)  behind  the  external  angular  process  of  the  frontal  bone  and 
2.5  cm.  (1  in.)  above  the  zygoma. 

The  incision  begins  at  the  external  angular  process  of  the  frontal 
bone,  passes  obliquely  downward  and  backward  to  the  posterior  end 
of  the  zygoma,  and  from  this  point  upward  and  backward  above  the 
auricle  (Fig.  237,  P). 

Having  incised  the  skin  and  temporal  fascia,  ligate  the  superficial 
temporal  artery  and  vein,  guarding  the  auriculotemporal  nerve  and 
branches  of  the  facial  (Fig.  247).  Then  carry  the  incision  along  the 
posterior  border  of  the  temporal  muscle  through  the  periosteum  to  the 
bone.  Detach  the  temporal  muscle  forward  subperiosteal^,  baring 
parts  of  the  squamous,  parietal,  and  sphenoid  bones,  guarding  the 
deep  temporal  arteries.  Firmly  retract  the  soft  parts  thus  freed 
upward  and  forward.  Using  a  trephine  of  a  diameter  of  about  3.8  cm. 
(1J  in.),  place  its  center  over  a  point  about  3.8  cm.  (1J  in.)  behind 
the  external  angular  process  and  2.5  cm.  (1  in.)  above  the  zygoma. 
Having  removed  the  disk  of  bone  (which  is  here  thin)  expose  the 
the  artery,  and  pass  the  needle  carefully  to  avoid  wounding  the  brain. 
In  completing  the  operation  the  disk  of  bone  may  be  replaced  or  not, 
according  to  the  individual  ideas  of  the  surgeon.  Allow  the  periosteum 
and  soft  parts  to  reoccupy  their  normal  positions.  Suture  the  margins 
of  the  severed  periosteum  with  buried  catgut.  Repair,  by  gut  suturing, 
any  muscle  tissue  which  may  have  been  cut,  and  close  the  skin  incision. 

The  following  comments  may  be  made:  This  incision  of  Kocher, 
together  with  the  subsequent  retraction  of  the  soft  parts,  involves 
less  injury  to  the  parts  than  the  turning  downward  or  upward  of  a 
semilunar  or  horseshoe  flap,  which  is  the  method  of  approach  most 
frequently  adopted.  According  to  the  researches  of  Plummer,  the 
osteoplastic  flap  operation  of  Hartley-Krause  furnishes  the  best  method 
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of  exposing  the  main  trunk  of  the  middle  meningeal  artery  and  its 
branches.  If  the  above  trephine  opening  expose  the  artery  incon- 
veniently near  the  circumference,  the  opening  may  be  enlarged  in  the 
direction  of  the  artery  with  rongeur  forceps. 

The  anterior  branch  of  the  middle  meningeal  artery  may  be 
exposed  by  selecting  a  point  for  the  center  of  the  trephine  opening 
which  will  fall  over  the  anterior  branch  just  beyond  the  bifurcation  of 
the  main  trunk,  which  is  taken  to  be  about  3.8  cm.  (1£  in.)  behind  the 
external  angular  process  of  the  frontal  bone,  and  from  3.8  cm.  to  4.5 
cm.  (1^-1$  in.)  above  the  zygoma. 


Fig.  247. — Ligation  of  Trunk  of  Right  Meningeal  through  Trephine  Opening  in  Temporal 
Fohma  by  Curved  Oblique  Incision. 
A,  Temporal  muscle  (its  posterior  border  retracted  upward  and  forward);  B,  zygomatic  arch, 
and  temporal  fossa  just  above;  C,  main  trunk  and  anterior  and  posterior  branches  of  middle  men- 
ingeal, exposed  through  trephine  opening  (which  is  here  shown  somewhat  too  high);  D,  deep 
temporal  artery;  K,  superficial  temporal  artery  and  vein;  F,  auriculotemporal  nerve  (retracted 
backward);  G,  branches  of  facial  nerve  (retracted  downward  and  backward). 

The  posterior  branch  of  the  middle  meningeal  artery  may  be 

exposed  through  a  trephine  opening,  the  center  of  which  will  fall  over 
the  posterior  branch  in  the  groove  of  the  parietal  bone,  and  is  taken 
to  be  at  the  intersection  of  a  line  drawn  horizontally  backward  on  a 
level  with  the  roof  of  the  orbit,  and  one  drawn  vertically  upward  from 
directly  behind  the  mastoid  process,  which  point  of  intersection  lies 
just  below  the  parietal  eminence  (Jacobson). 

Either  branch  may  also  be  exposed  through  an  osteoplastic  flap 
method. 

Ligation  of  the  Internal  Carotid  Artery.— The  indications 
for  ligation  of  the  internal  carotid  are  wounds  and  aneurisms,  and 
when  ligated  the  vessel  is  exposed  near  its  origin.    The  line  of  the 
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artery  is  practically  the  same  as  that  of  the  external  carotid,  or  possibly 
a  little  to  the  outer  side  of  that  line  at  its  lower  part. 

The  incision  lies  slightly  posterior  to  the  incision  for  the  external 
carotid  artery,  that  is,  along  the  anterior  border  of  the  sternomastoid, 
instead  of  just  in  front  of  it,  with  the  center  of  the  incision  about  1.3  cm. 
(i  in.)  above  the  upper  border  of  the  thyroid  cartilage  (Fig.  237,  S). 

The  steps  of  the  operation  are  at  first  the  same  as  those  for  exposing 
the  external  carotid  below  the  digastric.  The  artery  (external  carotid) 
is  first  sought  (all  the  structures  mentioned  in  that  operation,  page  675, 
being  encountered)  and  traced  to  its  bifurcation,  and  thus  the  internal 
carotid  is  exposed,  the  external  carotid  being  drawn  inward  and  the 
digastric  upward.  In  opening  the  sheath  special  care  must  be  taken 
to  guard  the  internal  jugular  vein,  pneumogastric  nerve,  cervical  sym- 
pathetic, and  ascending  pharyngeal  artery,  the  needle  being  passed 
from  the  vagus  and  internal  jugular  vein  (Fig.  242,  L). 

Ligation  of  the  Subclavian  Artery.— The  chief  indications  for 
ligation  of  this  artery  are  wounds,  aneurisms,  and  as  a  preliminary 
step  for  the  control  of  hemorrhage  in  extensive  operations  about  the 
shoulder  and  upper  extremity. 

But  few  successful  cases  of  ligation  of  the  first  portion  of  the  right 
subclavian  are  recorded,  and  fewer  of  the  left,  the  ligation  being  par- 
ticularly hazardous,  especially  upon  the  latter  side.  Nor  is  ligation 
of  the  second  portion  to  be  recommended,  owing  to  the  depth  and 
relations  of  the  artery.  The  third  portion  is  the  part  of  the  artery 
usually  selected  for  ligature  (Fig.  237,  T).  Ligation  of  the  first  portion 
of  the  subclavian  differs  slightly  upon  the  two  sides,  owing  to  the 
anatomic  relations. 

The  course  of  the  artery  is  represented  by  a  curve,  with  convexity 
upward,  at  the  base  of  the  posterior  triangle  of  the  neck,  beginning  at 
the  sternoclavicular  articulation  and  ending  at  the  center  of  the  inferior 
border  of  the  clavicle,  its  midpoint  being  about  1.3  (4  in.)  above  the 
superior  border  of  the  clavicle. 

Ligation  of  the  First  Portion  of  the  Right  Subclavian  by  an 
Angular  Incision. — The  position  of  the  principals,  the  landmarks, 
and  the  incision  are  the  same  as  for  the  ligation  of  the  innominate  by 
an  angular  incision. 

Having  incised  the  skin  and  superficial  fascia,  this  triangular  flap 
is  dissected,  as  in  ligation  of  the  innominate.  The  anterior  jugular 
vein  is  doubly  ligated  and  divided,  and  the  external  jugular  similarly 
treated,  if  in  the  way.  Divide  the  deep  fascia  and  expose  and  sever 
the  sternal  and  clavicular  heads  of  the  sternomastoid.  Divide  the 
sternohyoid  and  sternothyroid  either  in  whole  or  in  part.  Expose  the 
common  carotid,  carefully  retracting  the  internal  jugular  vein  and 
pneumogastric  nerve  outward  and  displacing  or  doubly  ligating  any 
overlying  veins.  Identify  the  subclavian  vein  by  following  down  the 
common  carotid  on  its  postero-external  aspect  to  the  bifurcation. 
Clear  the  subclavian  artery,  carefully  guarding  the  recurrent  laryngeal 
and  phrenic  nerves  and  vertebral  artery.     Displace  the  pleura  down- 
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ward  and  outward  with  the  tip  of  the  finger,  and  pass  the  needle  from 
below  (from  the  pleura).  The  vertebral  should  also  be  secured  at  the 
same  time  and  through  the  same  incision,  to  accomplish  which  the 
internal  jugular  and  pneumogastric  nerve  are  now  retracted  inward 
and  the  vertebral  exposed  by  a  few  strokes  of  the  knife  as  it  lies  between 
the  longus  colli  and  scalenus,  guarding  the  phrenic  and  recurrent 
laryngeal  nerves  and  the  inferior  thyroid  artery.  When  required  by 
the  circumstances,  the  right  sternoclavicular  articulation  may  be  excised, 
as  in  the  operation  of  the  ligation  of  the  innominate  by  partial  bony 
resection. 

Ligation  of  the  First  Portion  of  the  Left  Subclavian  by  an 
Angular  Incision. — The  steps  of  the  operation  are  similar  to  those 
for  the  ligation  of  the  first  portion  of  the  right  subclavian,  up  to  the 
exposure  of  the  common  carotid  and  internal  jugular.  Here  the 
common  carotid  and  pneumogastric  are  retracted  inward,  the  internal 
jugular  is  drawn  outward  and  downward,  and,  with  it,  the  left  innomi- 
nate vein.  At  this  stage  the  head  is  bent  forward  to  relax  the  parts. 
Special  care  is  here  given  to  identifying  the  thoracic  duct  before  pro- 
ceeding, the  duct  arching  from  the  seventh  cervical  vertebra  forward 
and  downward  over  the  subclavian  artery  in  front  of  the  scalenus 
anticus,  and  emptying  into  the  left  subclavian  vein  at  the  junction 
with  it  of  the  left  internal  jugular,  being  imbedded  in  the  loose  areolar 
tissue  of  the  part,  making  it  often  difficult  to  find  and  sometimes  dividing 
into  several  branches.  Having  safeguarded  the  important  neighboring 
structures,  follow  down  the  common  carotid  with  the  finger  until  the 
subclavian  is  identified,  on  a  plane  posterior  and  external  to  that  of 
the  former  vessel.  The  artery  is  then  to  be  freed,  carefully  guarding 
the  pleura,  the  sheath  is  opened,  and  the  needle  passed  from  the  pleura. 
If  more  room  be  required  than  given  by  the  above  incision,  or  if  it  be 
required  to  ligate  the  vessel  nearer  the  arch,  an  excision  of  the  sterno- 
clavicular articulation  can  be  made. 

Ligation  of  the  Third  Portion  of  the  Subclavian. — The  patient 
is  supine,  with  shoulders  raised,  head  thrown  back  and  to  opposite  side, 
and  the  operated  shoulder  depressed  by  the  arm  drawn  downward 
and  placed  under  the  back  (to  open  out  the  posterior  cervical  triangle). 
The  surgeon  stands  in  front  of  the  shoulder. 

The  landmarks  are  the  posterior  border  of  the  sternomastoid  (which 
corresponds  with  the  outer  border  of  the  scalenus  anticus),  the  anterior 
border  of  the  trapezius,  and  the  middle  of  the  clavicle. 

After  having  drawn  the  skin  of  the  posterior  cervical  triangle  down 
over  the  clavicle  with  the  left  hand,  an  incision  about  7.5  cm.  (3  in.) 
is  made  transversely  over  the  clavicle  down  to  the  bone,  from  the 
posterior  border  of  the  sternomastoid  to  the  anterior  border  of  the 
trapezius,  and  with  its  center  about  2.5  cm.  (1  in.)  internal  to  the* 
center  of  the  superior  border  of  the  clavicle  (Fig.  237,  T). 

This  incision  will  divide  the  skin,  fascia,  plastysma,  some  supra- 
clavicular nerves,  and  may  be  a  connecting  vein  between  the  cephalic 
and  internal  jugular,  but  will  avoid  the  external  jugular,  which  passes 
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through  the  deep  fascia  above  the  clavicle.  The  incision  will  lie  about 
2.5  cm.  (i  in.)  above  the  clavicle  when  the  tension  upon  the  skin  is 
relaxed  (Fig.  248).  The  margins  of  the  sternomastoid  and  trapezius 
will  be  exposed  and,  if  more  room  be  needed,  may  be  divided  along 
the  clavicle  as  far  as  necessary.  The  deep  cervical  fascia  is  next  incised, 
the  external  jugular  vein  being  carefully  exposed  and  retracted,  or 
divided  between  double  ligatures.  Tributary  veins  of  the  external 
jugular  are  to  be  similarly  treated,  especially  the  transversalis  colli 
and  suprascapular.  Generally  the  transversalis  colli  artery  lies  trans- 
versely above  the  incision,  and  the  suprascapular  transversely  below  it, 
under  the  clavicle  and  out  of  the  way,  but  one  or  both  may  present 
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Fig.  248. — Ligation  of  Third  Part  or  Right  Subclavian. 

A,  Platysma;  B.  trapezius;  C.  sternomastoid  (posterior  border  incised);  D,  scalenus  anticus; 
E,  posterior  belly  of  omohyoid  (retracted  upward);  F,  clavicle;  CJ,  third  part  of  subclavian;  H, 
transversalis  colli  artery;  I.  suprascapular  artery;  J,  subclavian  vein;  K,  upper  end  of  external 
jugular  vein  (divided  and  retracted),  with  transversalis  colli  vein  and  communicating  branch  to 
anterior  jugular;  L,  lower  end  of  external  jugular  (divided  and  retracted),  with  suprascapular 
branch;  M,  brachial  plexus;  N,  N,  N,  supraclavicular  nerves;  O,  deep  cervical  fascia. 


in  the  field,  and  are  to  l>e  carefully  preserved  for  collateral  circulation. 
Retract  the  posterior  belly  of  the  omohyoid  upward  if  in  the  way. 
Identify  the  outer  margin  of  the  scalenus  just  under  the  outer  margin 
of  the  sternomastoid  as  a  guide  to  the  artery,  and  follow  its  outer  horde: 
downward  until  the  finger  reaches  the  tubercle  on  the  upper  border 
of  the  first  rib,  which  lies  between  the  subclavian  vein  in  front  and  the 
subclavian  artery  behind,  when  the  artery  will  be  recognized  and  may 
be  traced  upward.  Expose  the  lowest  cord  of  the  brachial  plexus  for 
the  purpose  of  henceforth  avoiding  it  (as  it  has  been  mistaken  and 
Hgated  for  the  artery).  The  subclavian  vein  will  lie  anteriorly  and 
inferiorly  to  the  artery.     Open  the  sheath,  clear  the  artery,  and  pass 
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the  needle  from  the  brachial  plexus,  guarding  the  subclavian  vein 
and  the  pleura. 

Ligation  of  the  Vertebral  Artery.— The  artery  is  ligated  for 
wounds,  traumatic  aneurisms,  and  in  connection  with  the  ligation  of 
the  innominate  artery  (in  order  to  prevent  secondary  hemorrhage). 

The  most  usual  site  of  ligation  is  in  the  first  or  cervical  portion, 
being  but  rarely  tied  in  the  third  or  occipital  portion. 

The  patient  is  supine,  with  shoulders  raised,  neck  prominent,  and 
head  to  opposite  side.  The  surgeon  stands  to  the  right  in  operating 
upon  either  vertebral. 

The  landmark  of  the  operation  is  the  anterior  border  of  the  sterno- 
mastoid. 

The  incision  is  about  7.5  cm.  (3  in.)  in  length,  extending  along 
the  anterior  border  of  the  sternomastoid,  ending  below  at  the  clavicle 
(as  for  the  ligation  of  the  common  carotid  below  the  omohyoid). 

Divide  the  skin,  superficial  fascia,  and  anterior  portion  of  the 
platysma,  when  branches  of  the  superficial  cervical  nerve,  and  com- 
municating veins  between  the  anterior  and  external  jugular  veins,  are 
encountered,  and  are  to  be  treated  as  indicated.  Incise  the  deep 
cervical  fascia,  exposing  the  anterior  border  of  the  sternomastoid, 
which  is  to  be  drawn  outward;  and  the  omohyoid,  which  is  to  be  retracted 
downward  and  inward;  and  also  the  sternohyoid,  which  is  drawn 
inward.  Having  freed  the  attachment  of  the  inner  aspect  of  the 
common  sheath,  the  carotid,  internal  jugular,  and  pneumogastric  are 
drawn  outward  from  over  the  vertebral  artery.  The  prevertebral 
fascia  is  then  incised  vertically  between  the  carotid  tubercle  (transverse 
process  of  the  sixth  cervical  vertebra)  and  the  arch  of  the  inferior 
thyroid  artery  (where  it  turns  inward  to  the  posterior  surface  of  the 
thyroid  gland),  where  the  vertebral  artery  will  be  found  ascending, 
partly  covered  by  the  longus  colli,  to  the  foramen  in  the  transverse 
process  of  the  sixth  cervical  vertebra,  having  the  anterior  scalenus 
muscle  and  phrenic  nerve  to  its  outer  side  and  the  longus  colli  muscle 
and  recurrent  laryngeal  nerve  to  its  inner  side,  and  the  inferior  thyroid 
artery  and  vein  and  the  vertebral  vein  lying  over  it.  All  these  struc- 
tures, therefore,  are  to  be  displaced  in  the  most  convenient  directions, 
as  the  finger  seeks  the  vertebral  artery  in  the  above  triangular  space. 
The  pleura  lies  below  and  internally.  The  thoracic  duct,  on  the  left, 
crosses  the  artery  from  within  outward.  The  artery  is  to  be  exposed, 
and  the  ligature  passed  with  especial  care,  in  order  to  avoid,  as  far  as 
possible,  the  fibers  of  the  sympathetic,  some  of  which  are  apt  to  be 
included  in  the  ligature  (Fig.  238,  H). 

The  vertebral  may  also  be  ligated  by  an  incision  made  along  the 
posterior  border  of  the  sternomastoid,  followed  by  the  inward  retraction 
of  that  muscle  (with  or  without  a  partial  division  of  its  clavicular 
attachment),  but  is  a  less  simple  operation  than  the  above  technic. 
The  artery  may  also  be  ligated  in  the  suboccipital  triangle. 

Ligation  of  the  Internal  Mammary  Branch  of  the  Subclavian 
Artery. — This  vessel  is  but  rarely  ligated,  except  for  wounds,  when 
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it  is  usually  ligated  at  the  site  of  injury.  If  the  artery  has  retracted 
out  of  reach,  it  is  ligated  in  the  interspace  above  or  below. 

The  artery  is  most  readily  reached  in  the  first,  second,  or  third 
interspace,  especially  in  the  second. 

Ligation  of  the  Internal  Mammary  in  the  Second  Intercostal 
Interspace. — The  patient  is  supine,  with  the  chest  supported  from 
behind  (to  increase  the  width  of  the  intercostal  spaces). 

The  landmarks  are  the  outer  border  of  the  sternum,  the  lower  border 
of  the  second,  and  the  upper  border  of  the  third  costal  cartilages. 

The  incision  is  transverse  in  direction  and  about  6.3  cm.  (2\  in.)  in 
length,  beginning  over  the  center  of  the  sternum  and  passing  outward 


1 


Fig.  249. — Ligation  of  Right  Internal  Mammary  in  Second  Intercostal  Space. 
A,  Pectoralis  major;  B,  external  intercostal  muscle,  continued  to  sternum  by  anterior  inter- 
costal membrane;  C,  internal  intercostal  muscle;  D,  margin  of  sternum;  E,  endothoracic  fascia; 
F,  pleura;  G,  internal  mammary  artery  and  vense  comites. 

over  the  center  of  the  interspace  between  the  second  and  third  costal 
cartilages  (Fig.  237,  V). 

Divide  the  skin,  fascia,  pectoralis  major,  anterior  intercostal  mem- 
brane (running  downward  and  inward),  internal  intercostal  muscle 
(running  downward  and  outward),  and  the  endothoracic  fascia,  when 
the  artery  will  be  found  lying  upon  the  pleura,  with  the  venae  comites 
to  either  side.  Separate  the  artery,  and  pass  the  needle  with  especial 
care  to  avoid  the  pleura  (Fig.  249). 

Ligation  of  the  Axillary  Artery. — The  chief  indications  for 
ligation  are  wounds,  aneurisms,  and  for  hemorrhage  in  inoperable 
axillary  growths. 

The  artery  is  ligated  in  its  third  part  by  preference,  and  in  its  first 
part  if  the  third  part  be  not  available.     Ligation  of  the  third  part  of 
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the  subclavian  is  usually  considered  preferable  to  that  of  the  first 
portion  of  the  axillary   (Figs.  250,  C,  and  237,  W). 

The  line  of  the  vessel  is  represented,  when  the  arm  is  at  a  right 
angle  to  the  trunk  and  the  hand  supine,  by  a  line  extending  from  the 
middle  of  the  clavicle  to  the  junction  of  the  anterior  and  middle  thirds 
of  the  outer  axillary  wall,  between  the  anterior  and  posterior  folds 
of  the  axilla.  It  is  to  be  remembered  that  when  the  arm  is  at  a  right 
angle  with  the  body  the  axillary  vein  is  drawn  across  the  first  part  of 
the  artery. 

Ligation  of  the  First  Part  of  the  Axillary  Artery  by  a  Curved 
Transverse  Incision  Below  the  Clavicle. — The  patient  lies  upon  the 
back,  at  the  edge  of  the  table,  with  the  upper  thorax  raised  and  the 


Fig.  250. — Incisions  for  Ligating  Right  Axillary  and  Brachial  Arteries. 
A,  Junction  of  anterior  and  middle  thirds  of  outer  axillary  wall;  B,  center  of  bend  of  elbow;  C,  liga- 
tion of  third  part  of  axillary;  D,  of  brachial  in  middle  of  arm;  E,  of  brachial  at  bend  of  elbow. 

shoulder  backward.  The  surgeon  stands  near  the  thorax  on  the  left 
for  the  operation  of  the  left  side,  and  near  the  head  on  the  right  for  the 
operation  of  the  right  side,  or  between  the  abducted  limb  and  the  body 
on  either  side. 

The  landmarks  are  the  clavicle,  the  sternoclavicular  articulation, 
and  the  coracoid  process. 

A  curved  incision  is  made  in  the  infraclavicular  fossa,  beginning 
just  external  to  the  sternoclavicular  joint,  dipping  at  its  lowTest  point 
about  1.3  cm.  (]  in.)  below  the  clavicle,  and  ending  at  the  coracoid 
process  (Fig.  237,  W). 

Incise  the  skin,  platysma,  supraclavicular  nerves,  and  fascia. 
Carefully  guard  the  cephalic  vein  and  branches  of  the  acromial  thoracic 
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artery  at  the  outer  part  of  the  wound  on  account  of  the  collateral 
circulation.  Divide  the  clavicular  origin  of  the  pectoralis  major 
throughout  the  wound.  Clear  the  areolar  tissue  beneath  the  pectoralis 
major.  Expose  the  upper  border  of  the  pectoralis  minor  and  draw  it 
downward.  Divide  obliquely  downward  and  outward,  near  the  coracoid 
process,  the  costocoracoid  membrane,  through  which  pass  the  cephalic 


Fio.  251. — Ligation  or  Third  Part  of  Right  Axillary. 
A,  Coracobrachialis  (retracted  outward);  B,  pectoralis  major;  C,  teres  major;  D,  triceps;  Et 
axillary  artery;  F,  basilic  vein,  becoming  axillary  vein  after  receiving  two  brachial  venw  comites; 
G,  right  brachial  vena  comes;  I,  median  nerve;  J,  internal  cutaneous  nerve;  K,  K,  ulnar  nerve. 

vein,  branches  of  the  acromiothoracic  artery,  and  the  anterior  thoracic 
nerves,  and  displace  it  upward  and  outward.  The  cephalic  vein,  indica- 
ting the  position  of  the  axillary  vein,  is  generally  closely  adherent  to 
the  costocoracoid  membrane.  Expose  the  sheath  and  clear  the  artery, 
which  lies  between  the  axillary  vein  on  the  inner  side  and  the  brachial 
plexus  on  the  outer,  aided  in  the  exposure  by  bringing  the  arm  nearer 
the  body,  when  the  axillary  vein  will  be  carried  from  over  the  artery 
vol.  v — 44 
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to  its  inner  side.  The  ligature  is  placed  above  the  acromiothoracic 
branch.  The  incised  pectoralis  major  muscle  is  closed  by  gut-suturing. 
This  is  the  easiest  and  most  frequent  ligation  of  the  first  portion  in  the 
rare  cases  in  which  a  ligation  at  this  site  is  done.  The  first  part  may 
also  be  exposed  by  an  oblique  incision  in  the  groove  between  the 
pectoralis  major  and  the  deltoid. 

Ligation  of  the  Third  Portion  of  the  Axillary  Artery.— The 
patient  is  supine  at  the  edge  of  the  table,  with  shoulders  raised  and 
arm  at  a  right  angle  with  the  body  and  slightly  rotated  outward.    The 


Fig.  252. — Cross-section  op  Right  Arm  at  the  Axillary  Level. 
A.  Axillary  artery  and  vein;  B,  ulnar  nerve;  C,  musculospiral  nerve;  D,  median  nerve;  E.  internal 
cutaneous  nerve;  F,  musculocutaneous  nerve;  G.  coracobrachialis  muscle;  H.  biceps;  I,  pectoralis 
major  muscle  and  biceps  tendon;  J,  deltoid;  K,  triceps;  L,  latissimus  dorsi.   (Modified  from  Esmarch.) 

surgeon  stands  between  the  arm  and  the  chest  on  either  side.  The 
axilla  is  shaved. 

The  landmarks  are  the  junction  of  the  anterior  and  middle  thirds 
of  the  external  axillary  wall  and  the  coracobrachialis. 

An  incision  is  made  about  7.5  cm.  (3  in.)  in  length,  beginning  at 
the  middle  of  the  outlet  of  the  axilla,  at  the  junction  of  the  anterior 
and  middle  thirds  of  its  outer  wall,  and  passing  downward  along  the 
inner  border  of  the  coracobrachialis  (Fig.  250,  C). 

Having  incised  the  integument  and  fascia,  expose  the  inner  border 
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of  the  coracobrachialis  (Fig.  251).  Draw  this  muscle  and  musculo- 
cutaneous nerve  outward.  The  median  nerve  is  exposed  and  also 
drawn  outward.  The  internal  cutaneous  and  ulnar  nerves  are  drawn 
inward.  Venae  comites  are  generally  present  at  the  lower  part  of  the 
axilla,  and  sometimes  the  basilic  vein,  which  have  to  be  guarded.  Again, 
the  axillary  vein  alone  may  be  present  to  the  inner  side  of  the  artery 
(Fig.  252).  Pass  the  needle  from  the  vein,  ligating  the  artery  as  far 
from  a  large  branch  as  possible.      ^ 

Ligation  of  the  Brachial 
Artery, — The  indications  for 
ligation  are  wounds  and  trau- 
matic aneurisms. 

The  sites  of  ligation  are  the 
middle  of  the  arm  (preferably) 
and  at  the  bend  of  the  elbow. 

The  line  of  the  artery  (with 
the  arm  extended  and  abducted 
and  hand  supine)  from  the 
junction  of  the  anterior  and 
middle  thirds  of  the  outer  wall 
of  the  axilla  to  the  center  of  the 
bend  of  the  elbow  (Fig.  250, 
A  and  B). 

Ligation  of  the  Brachial 
Artery  in  the  Middle  of  the 
Arm. — The  limb  is  extended 
and  abducted  with  the  hand 
supine.  The  surgeon  stands 
to  the  outer  side  of  the  limb, 
cutting  from  above  downward 
on  the  right,  and  from  below 
upward  on  the  left. 

The  landmarks  are  the  inner 
border  of  the  coracobrachialis 
and  the  biceps  and  the  line  of 
the  artery. 

The  incision  is  from  5  to  7.5 
cm.  (2  to  3  in.)  in  length,  ex- 
tending along  the  inner  border  of  the  biceps  in  the  line  of  the  artery, 
opposite  the  middle  of  the  arm  (Fig.  250,  D). 

The  skin  and  the  fascia  having  been  divided,  the  inner  border  of 
the  biceps  must  be  clearly  recognized  and  retracted  outward,  when 
the  artery  will  generally  be  found  under  its  inner  margin,  the  median 
nerve  usually  crossing  the  front  of  the  artery  at  its  middle,  the  internal 
cutaneous  nerve  lying  to  the  inner  side  (Fig.  253).  The  venae  comites 
and  basilic  vein  are  to  be  separated  from  the  artery.  The  needle  is 
passed  from  the  nerve.  The  artery  is  not  as  easily  found  in  this  situa- 
tion as  its  superficial  position  would  suggest  (Fig.  254).     Its  exposure 


Fio.  253.— Ligation  of  Rioht  Brachial  at  Middle 
of  Arm. 
A,  Biceps;  B,  coracobrachialis  (retracted  out- 
ward); C,  triceps;  D,  brachial  artery  and  branches;  E, 
brachial  vena*  comites  and  communicating  branches; 
F,  basilic  vein;  G,  branch  from  basilic  to  cephalic 
vein;  H,  median  nerve;  I,  ulnar  nerve;  J,  internal 
cutaneous  nerve. 
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is  made  easier  by  an  assistant  holding  the  limb  by  the  wrist,  so  that  it 
cannot  rest  on  the  table,  where  the  triceps  is  apt  to  be  pushed  upward 
and  may  protrude  the  inferior  profunda  artery  and  the  ulnar  nerve 
instead  of  the  brachial  artery  and  median  nerve  (Heath).  In  ligating 
higher  than  the  middle  third  the  artery  lies  to  the  inner  side  of  the 
coracobrachialis,  the  median  nerve  to  the  outer  side,  and  the  ulnar 
nerve  to  the  inner. 

Ligation  of  the  Brachial  Artery  at  the  Bend  of  the  Elbow. — 
The  limb  is  extended  (not  overextended)  and  abducted.    The  surgeon 


Fig.  254. — Cross-section  or  the  Middle  of  the  Right  Arm. 
A,  Brachial  artery  and  veins  and  inferior  profunda  artery  and  median  and  ulnar  nerves;  B, 
musculo!*piral  nerve  and  superiorprofunda  artery;  C,  nutrient  vessels;  D,  biceps  muscle;  E,  triceps; 
F,  braclualis  anticus  muscle.     (Cross-section  modified  from  Braune.) 


stands  to  the  outer  side  of  the  limb,  cutting  from  above  on  the  right 
and  from  below  on  the  left. 

The  landmark  of  the  operation  is  the  inner  border  of  the  biceps 
tendon. 

An  incision  about  5  cm.  (2  in.)  in  length  is  made  in  the  internal 
bicipital  fossa,  along  the  inner  border  of  the  biceps  tendon,  its  center 
corresponding  to  the  "  fold  of  the  elbow."  This  incision  will  be  oblique, 
and  its  upper  end  will  commence  opposite  the  tip  of  the  internal  condyle 
of  the  humerus.  It  is  well  to  compress  the  veins  above,  to  get  an 
idea  of  their  position  at  the  elbow,  and  thus  avoid  them  if  possible. 
Ordinarily  the  incision  will  lie  above  and  to  the  outer  side  of  the  median 
basilic  (Fig.  250,  E). 
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Having  incised  the  skin  and  superficial  fascia,  isolate  the  median 
basilic  vein  and  the  accompanying  internal  cutaneous  nerve  and 
retract  them  inward  (Fig.  255).  Incise  in  the  direction  of  the  original 
wound  the  deep  fascia  and  bicipital  fascia;  the  latter  (passing  inward 
and  downward)  is  to  be  incised  to  as  limited  an  extent  as  possible. 
Beneath  the  bicipital  fascia  lies  the  artery  with  its  venae  comites,  the 
median  nerve  generally  lying  out  of  the  way  and  to  the  inner  side, 
nearer  the  upper  than  the  lower  part  of  the  wound  (Fig.  256).  Pass 
the  needle  from  the  side  of  the  ulnar  nerve.  Resuture  the  bicipital 
fascia  with  catgut. 


Fig.  255. — Ligation  of  the  Right  Brachial  at  the  Bend  or  the  Elbow. 
A,  A,  Median  basilic  vein;  B,  median  cephalic  vein;  C,  internal  cutaneous  nerve  and  branches; 
D,  biceps;  E,  E,  bicipital  fascia;  F,  brachial  artery;  G,  brachial  vena;  comites  and  communicating 
branch;  H,  median  nerve;  1,  brachialis  anticus  muscle. 

Ligation  of  the  Radial  Artery,— The  ligation  of  this  vessel  is 
usually  resorted  to  for  the  control  of  hemorrhage  due  to  a  wound  in 
some  part  of  its  course. 

The  sites  for  ligation  are  the  upper  forearm  (rarely),  the  middle 
forearm,  the  lower  forearm  (preferably),  and  on  the  back  of  the  hand, 
in  the  "tabati£re"  (rarely).  In  the  palm  the  arch  may  be  tied  in  case 
of  wounds,  under  which  circumstances  it  is  ligated  at  any  site  (Fig. 
257,  A,  B,  C,  D). 

The  line  of  the  artery:  In  the  forearm  (with  hand  supine — from 
the  center  of  the  bend  of  the  elbow  to  the  inner  side  of  the  forepart  of 
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the  styloid  process  of  the  radius  (Fig.  257,  H  and  I).     At  the  wrist 

from  the  inner  side  of  the  forepart  of  the  styloid  process  to  the  base 
of  the  first  interosseous  space.  In  the  palm — the  artery  runs  about 
2  cm.  (i  in.)  nearer  the  wrist  than  does  the  superficial  palmar  arch 
(which  corresponds  with  a  line  continued  across  the  palm  on  a  level 
with  the  lower  border  of  the  outstretched  thumb). 

Ligation  of  the  Radial  in  the  Upper  Third  of  the  Forearm. — 
The  hand  is  supine,  with  wrist  extended.  The  surgeon  stands  outside 
of  the  limb,  cutting  downward  on  the  right  and  upward  on  the  left. 
The  assistant  holds  the  fingers  with  one  hand  and  grasps  the  forearm 
with  the  other. 


Fig.  256. — Cross-section  of  Right  Arm  Just  Below  the  Elbow-joint. 

A,  Brachial  artery  dividing  into  radial  and  ulnar,  with  venae  comites;  B,  median  basilic  vein; 
C,  radial  recurrent  artery  and  radial  and  interosseous  nerves;  D,  ulnar  nerve  and  posterior  ulnar 
recurrent  artery;  E,  median  nerve  and  anterior  ulnar  recurrent  artery;  F,  biceps  tendon;  G,  supinator 
longus  muscle;  H,  extensor  carpi  radialis  longior;  1,  extensor  carpi  radialis  brevior;  J,  extensor  carpi 
ulnaris;  K,  anconeus;  L,  pronator  radii  teres;  M,  flexor  sublimit  digitorum;  N,  flexor  carpi  ulnans 
(a  fascial  line  is  seen  between  its  two  parts);  the  brachialis  anticus  muscle  lies  just  below  the  bra- 
chial artery.  The  flexor  carpi  radialis  lies  just  to  the  right  of  the  pronator  radii  teres.  (Cr 
tion  modified  from  Braune.) 


The  landmarks  are  the  line  of  the  artery  and  the  inner  border  of 
the  supinator  longus. 

The  incision  is  from  5  to  7.5  cm.  (2  to  3  in.)  in  the  line  of  the 
artery,  with  its  center  over  the  center  of  the  upper  third  of  the  forearm 
(Fig.  257,  A). 

Having  incised  the  skin  and  superficial  fascia  the  radial  or  median 
vein  may  be  met.  Divide  the  deep  fascia  and  open  up  the  space 
between  the  supinator  longus  (its  fibers  running  directly  downward) 
and  the  pronator  radii  teres  (its  fibers  running  downward  and  outward 
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(Fig.  258).    The  artery  lies  under  the  edge  of  the  supinator  longus 
and  upon  the  insertion  of  the  pronator  radii  teres.    The  radial  nerve 
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Fig.  257. — Incisions  for  Ligating  Right  Radial  and  Ulnar  Arteries,  and  Superficial  and 

Deep  Palmar  Arch  eh. 
A,  Ligation  of  radial  in  upper  third  of  forearm;  B,  of  radial  in  middle  third;  (\  of  radial  in 
lower  third;  D,  of  deep  palmar  arch;  E,  ligation  of  ulnar  in  middle  third  of  forearm;  F.  of  ulnar 
in  lower  third;  (1,  of  superficial  palmar  arch;  H,  center  of  bend  of  elbow;  I,  antero-internal 
aspect  of  styloid  process  of  radius;  J,  radial  side  of  pisiform  bone;  K,  anterior  aspect  of  inner 
condyle  of  humerus;  L,  point  on  inner  aspect  of  forearm  at  junction  of  upper  and  middle  thirds. 


lies  well  to  the  outer  side.  Unless  one  recognize  the  inner  margin  of 
the  supinator  longus,  there  is  the  possibility  of  hitting  off  the  wrong 
intermuscular  septum  and  getting  too  near  the  middle  of  the  forearm 
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(Fig.  259).  The  anterior  surface  of  the  supinator  longus  (and  not  its 
inner  border)  appears  at  first  in  operating  upon  the  muscular,  and 
this  must  be  well  retracted  outward. 

Ligation  of  the  Radial  in  the  Lower  Third  of  the  Forearm. — 
The  landmarks  are  the  tendons  of  the  supinator  longus  and  the  flexor 
carpi  radialis. 

An  incision,  from  2.5  to  5  cm.  (1  to  2  in.)  long,  is  made  vertically 
in  the  center  of  the  interval  between  the  tendons  of  the  supinator  I6ngus 
and  flexor  carpi  radialis  (Fig.  257,  C). 


Fig.  258. — Ligation  of  the  Right  Radial  Artery  in  the  Upper  Part  of  the  Forearm. 

A,  Radial  artery;  B,  radial  vena;  comites;  C,  radial  nerve;  D,  supinator  longus  muscle;  E,  pronator 

radii  teres  muscle;  F,  flexor  carpi  radialis  muscle.     (Modified  from  Deaver.) 

Having  incised  the  skin  and  superficial  fascia,  the  radial  vein,  or 
a  large  branch,  and  often  the  superficial  is  volae  artery,  are  met  and  are 
displaced  to  one  side  (Fig.  260).  The  deep  fascia  is  divided,  and  the 
interval  between  the  tendon  of  the  supinator  longus,  externally,  and 
the  tendon  of  the  flexor  carpi  radialis,  internally,  is  opened  up  and 
the  artery  and  its  venae  comites  are  found  between  them,  accompanied 
by  the  anterior  branch  of  the  musculocutaneous  nerve  (Fig.  261). 

Ligation  of  the  Deep  Palmar  Branch  of  the  Radial. — The  limb 
is  supine,  with  hand  extended.  An  assistant  steadies  the  fingers  and 
wrist.     The  surgeon  cuts  from  above  downward  on  both  sides. 
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The  landmark  is  the  oblique  crease  running  downward  and  outward 
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Fig.  259. — Cross-section  of  the  Upper  Third  of  the  Right  Forearm. 
A,  Radial  artery  and  branches,  veins,  and  nerve;  B,  ulnar  and  interosseous  arteries,  veins,  and 
median  nerve;  C,  ulnar  nerve;  D,  pronator  radii  teres  muscle;  E,  flexor  carpi  radialis;  F.  subcutaneous 
vein  and  nerve;  G,  flexor  profundus  digitorum;  H,  flexor  carpi  ulnaris;  I,  anconeus;  J,  supinator 
longus;  K,  extensor  carpi  radialis  longior;  L,  supinator  brevis;  M,  extensor  carpi  radialis  brevior; 
N,  extensor  communis  digitoruin;  O,  extensor  carpi  ulnaris.     (Cross-section  modified  from  Braune.) 
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Fig.  260. — Ligation  of  Lower  Third  or  Right  Radial  Just  Above  Wrist. 
A,  Radial  vein;  B.  anterior  branch  of  musculocutaneous  nerve;  C,  supinator  longus  tendon; 
D.  flexor  carpi  radialis  tendon;  E,  pronator  quadratus;  F,  radial  artery;  G,  superficialis  vohr  artery; 
H,  H,  radial  vente  com  i  tea. 

from  the  junction  of  the  thenar  and  hypothenar  eminences  and  partially 
circumscribing  the  thenar  eminence. 
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An  incision  is  made  from  the  junction  of  the  thenar  and  hypothenar 
eminences — running  along  the  thenar  crease  toward  the  metacarpo- 
phalangeal joint  of  the  index-finger,  with  the  center  of  the  incision 
opposite  the  center  of  the  ball  of  the  thumb  (Fig.  257,  D). 

Having  incised  the  skin  and  superficial  fascia,  expose  and  ligate 
the  superficial  palmar  arch  (crossing  the  palm  on  a  level  with  the 
lower  border  of  the  outstretched  thumb)  (Fig.  262).  The  muscles  of 
the  thenar  eminence  are  now  exposed,  and  these,  with  the  annular 
ligament,  are  incised  at  the  upper  part  of  the  wound  to  as  limited  an 
extent  as  possible  (Fig.  262).  The  interval  between  the  flexor  tendons 
of  the  index-finger  and  its  accompanying  lumbrical  muscle,  on  the 
one  hand,  and  the  muscles  of  the  thumb,  on  the  other,  is  made  out  and 


Fig.  261. — Cross-section  of  the  Lower  Third  of  the  Right  Forearm. 
A,  Radial  artery  and  veins;  B,  ulnar  artery,  veins,  and  nerve;  C,  anterior  interosseous  artery; 
D,  posterior  interosseous  artery;  E,  median  nerve;  F,  flexor  sublimis  diptorum  muscle;  H,  flexor 
digitorum  profundus;  I.  flexor  longus  pollicis;  J,  pronator  quadratus;  K,  extensor  indicis  pollicis; 
L,  extensor  proprius  pollicis;  M,  extensor  indicis;  N,  extensor  communis  digitorum;  O,  supinator 
longus  tendon;  r,  flexor  carpi  radialis.     (Modified  from  Braune.) 

opened  up  by  deep  retraction,  guarding  the  branches  of  the  median 
nerve.  In  the  interval  thus  exposed  by  retraction  is  seen  the  abductor 
obliquus  pollicis,  which  is  to  be  divided  vertically,  when  the  arch  will 
be  found  under  it,  running  transversely  from  between  the  adductor 
obliquus  pollicis  and  the  adductor  transversus  pollicis  onto  the  deep 
fascia  covering  the  interossei,  and  about  2  cm.  (}  in.)  nearer  the 
wrist  than  does  the  superficial  arch.  The  needle  is  to  be  carefully 
passed  in  the  deep  wound  to  avoid  the  nerves  and  veins. 

Ligation  of  the  Ulnar  Artery.— The  indications  for  the  ligation 
of  this  vessel  are  the  same  as  for  the  ligation  of  the  radial. 

The  sites  for  ligation  are  the  upper  third  of  the  forearm  (rarely), 
the  middle  third,  the  lower  third  (commonly),  and  the  superficial 
palmar  arch  (for  wounds  at  that  site)  (Fig.  257,  E,  F,  G). 
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The  line  of  the  upper  third  of  the  artery  corresponds  with  the  line 
from  a  point  about  1.3  cm.  (£  in.)  below  the  center  of  the  bend  of 
the  elbow,  passing  to  the  inner  side  with  a  gentle  curve  (convexity  to 
the  ulnar  side),  to  a  point  at  the  junction  of  the  upper  and  middle  thirds 
of  the   following  line.     The  lower  two-thirds  corresponds  with   the 


Fig.  262. — Ligation  ok  Left  Superficial  and  Deep  Palmar  Arches. 
A,  Annular  ligament;  B.  flexor  brevis  pollicis  (part  of  its  origin  from  annular  ligament  incised); 
C,  tendons  of  flexor  sublimi*  digitorum  and  outer  lumbrical  (drawn  inward);  D,  adductor  obliquus 
pollicis;  E,  adductor  transversus  pollicis;  F,  F.  branches  of  median  nerve;  H,  H,  superficial  palmar 
arch;  G,  deep  palmar  arch  and  its  vena>  comites;  I,  I,  superficial  vein. 

line  from  the  anterior  surface  of  the  internal  condyle  of  the  humerus 
to  the  radial  side  of  the  pisiform  bone  (Fig.  257,  H,  L,  and  K,  J). 

Ligation  of  the  Ulnar  Artery  in  the  Middle  Third  of  the  Fore- 
arm.— The  position  is  as  for  the  ligation  of  the  radial  artery. 

The  landmark   is   the  line  of  the  artery  as  given  above,  for  the 
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muscular  landmarks  at  the  middle  of  the  forearm  are  difficult  to  recog- 
nize. 

The  incision  is  about  7.5  cm.  (3  in.),  placed  in  the  line  of  the 
artery,  with  its  center  corresponding  with  the  center  of  the  forearm 
(Fig.  257,  E). 

Incise  the  skin  and  the  superficial  fascia.  The  anterior  ulnar  vein 
and  the  anterior  ulnar  branch  of  the  internal  cutaneous  nerve  are 
likely  to  be  encountered  (Fig.  263).  Divide  the  deep  fascia  somewhat 
to  the  outer  side  of  the  skin  incision,  as  the  flexor  sublimis  digitorum 
is  generally  slightly  overlapped  by  the  flexor  carpi  ulnaris.     In  this 


Fio.  263. — Ligation  of  Right  Ulnar  in  Upper  Part  of  Middle  Third. 
A,  Anterior  ulnar  vein;  B,  anterior  branch  of  internal  cutaneous  nerve;  C,  flexor  carpi  ulnaris; 
D,  flexor  sublimis  digitorum;  E,  flexor  profundus  digitorum;  F,  ulnar  nerve;  G,  ulnar  artery;  H, 
vena?  comites. 


deep  fascia  the  intermuscular  plane  between  the  flexor  carpi  ulnaris 
and  the  flexor  sublimis  digitorum  is  sought  by  exposure  and  by  the 
sense  of  touch.  A  muscular  branch  will  often  lead  to  it.  These 
muscles  are  retracted  well  apart,  when  the  ulnar  nerve  is  first  encountered 
between  them,  and,  following  inward  on  the  same  plane,  the  artery 
will  be  found  on  the  flexor  profundus  surrounded  by  the  vense  comites, 
and  with  the  ulnar  nerve  to  the  ulnar  side  (Fig.  264).  It  is  sometimes 
exceedingly  difficult  to  hit  off  the  intermuscular  space  and  to  find  the 
artery  when  once  in  it.  Remember  that  the  even  anterior  margin  of 
the  flexor  carpi  ulnaris  slightly  overlaps  the  flexor  sublimis  digitorum 
at  this  level.     Also  remember,  when  once  in  the  intermuscular  space, 
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not  to  pass  below  the  ulnar  nerve,  and  thus  go  too  deeply  on  the  ulnar 
side  of  the  forearm,  but  rather  work  inward  from  the  level  of  the  nerve. 

Ligation  of  the  Ulnar  Artery  in  the  Lower  Third  of  the  Fore- 
arm.— The  landmark  here  is  the  outer  border  of  the  flexor  carpi  ulnaris. 

The  incision  is  about  5  cm.  (2  in.)  in  length,  ending  about  2.5 
cm.  (1  in.)  above  the  pisiform  bone,  and  placed  between  the  tendon 
of  the  flexor  carpi  ulnaris  and  the  innermost  tendon  of  the  flexor  sub- 
limis  digitorum.  (As  the  innermost  tendon  of  the  flexor  sublimis 
digitorum  is  not  always  recognizable,  the  incision  is  generally  placed 
to  the  outer  side  of  the  tendon  of  the  flexor  carpi  ulnaris — Fig.  257,  F.) 


L  ■ 
M« 
N 

0. 
P 


Fig.  264. — Crobr-bbction  ok  the  Middle  of  the  Right  Forearm. 

A,  Flexor  carpi  radialis;  B.  median  nerve;  C,  supinator  longus;  D.  radial  artery,  veins,  and 
nerve;  E.  flexor  longus  pollicis;  F,  extensor  carpi  radialis;  G,  extensor  ossis  metararpi  pollicis; 
H,  flexor  sublimis  digitorum;  I,  flexor  carpi  ulnaris;  J,  ulnar  artery,  veins,  and  nerve;  K,  flexor 
profundus  diKitorum;  L, anterior  interosseous  vessels;  M,  extensor  induis;  N,  extensor  carpi  ulnaris; 
O,  extensor  minimi  digiti;  P,  extensor  communis  digitorum.    (Cross-section  modified  from  Braune.) 

Having  incised  the  skin  and  superficial  fascia,  avoid  the  anterior 
ulnar  vein  or  its  branches  (Fig.  265).  Divide  the  deep  fascia.  Partly 
flex  the  wrist  to  relax  the  structures  and  retract  the  flexor  carpi  ulnaris 
to  the  ulnar  side.  The  artery  will  be  found  upon  the  flexor  profundus 
digitorum  with  the  venae  comites  closely  surrounding  it  and  the  ulnar 
nerve  lying  closely  to  the  ulnar  side  (Fig.  261). 

Ligation  of  an  Intercostal  Artery. — The  intercostal  arteries 
are  sometimes  ligated  for  hemorrhage  in  their  course,  or  as  a  preliminary 
step  to  an  operation  upon  the  thorax. 

The  landmark  to  the  artery  is  the  lowrer  border  of  the  rib  in  the 
groove  of  which  the  special  artery  runs,  or  the  upper  border,  in  case  it 
be  the  lower  branch  of  the  intercostal  artery. 

The  patient  lies  supine,  and  is  so  turned  as  to  render  the  site  of 
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operation  prominent,  wi^h  the  chest  supported  below,  so  as  to  increase 
the  width  of  the  intercostal  spaces.  The  surgeon  stands  on  the  side  of 
the  operation,  the  assistant  opposite. 

Ligation  of  an  Intercostal  Artery  by  an  Intercostal  Incision. — 
An  incision  about  5  cm.  (2  in.)  is  made  parallel  with  and  just  below 
the  lower  border  of  the  indicated  rib,  or  just  above  the  upper  border, 
as  the  case  may  be. 

Incise  the  skin  and  superficial  fascia.  As  to  what  muscle,  and  as 
to  what  amount  of  muscle  tissue,  as  well  as  fascia,  will  have  to  be 
further  incised  in  the  line  of  the  original  incision  before  the  intercostal 
muscles  are  reached,  will  depend  upon  the  site  at  which  the  artery  is 
to  be  exposed.     Having  passed  through  the  overlying  muscle  covering 


Fig.  265. — Ligation  of  Lower  Third  of  Right  Ulnar  Just  Above  the  Wrist. 

A,  Anterior  ulnar  vein;  C,  tendon  of  flexor  carpi  ulnaris;  D,  tendon  of  flexor  sublimis  digitoruin; 

E,  ulnar  artery;  G,  ulnar  vena?  comites;  H,  ulnar  nerve. 

of  the  thoracic  wall,  the  intercostal  fascia  is  met  and  incised,  then  the 
external  intercostal  muscle  (if  operating  anywhere  between  the  tubercles 
of  the  ribs  behind  and  the  costal  cartilages  in  front).  The  two  cut 
margins  of  the  external  intercostals  are  then  drawn  upward  and  down- 
ward and  the  artery  sought  as  it  lies  partially  or  entirely  concealed 
in  the  inferior  intercostal  groove,  with  the  intercostal  nerve  below  and 
vein  above.  The  artery  may  be  drawn  out  of  its  groove  and  down 
into  view  by  the  curved  tip  of  the  aneurism  needle.  The  vessel  should 
be  doubly  ligated  (its  supply  coming  from  both  directions).  The 
incised  intercostal  muscle  and  fascia  may  be  sutured  with  gut  in  closing 
the  wound.  If  difficulty  in  exposing  the  artery  be  experienced,  the 
rib  may  be  exposed  subperiosteal^,  as  in  the  following  operation, 
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to  be  described.  It  is  to  be  remembered,  in  operating  posteriorly  to 
the  angle  of  the  rib,  that  the  intercostal  artery  has  not  yet  reached  the 
inferior  groove  of  the  upper  rib,  but  lies  between  the  two  ribs  and  has 
not  divided  into  its  upper  and  lower  branches.  If  it  be  desired  to 
ligate  the  upper  and  lower  branches  of  the  intercostal  (anywhere 
between  the  angle  and  costal  cartilages) ,  the  incision  is  made  midway 
between  the  ribs  and,  after  retracting  the  cut  external  intercostal 
muscle,  the  upper  branch  is  sought  in  the  above  manner  and  the  lower 
branch  is  found  along  the  upper  border  of  the  lower  rib.  Both  are 
doubly  ligated.  The  upper  intercostal  artery  is  often  so  small  as  to 
be  difficult  or  impossible  to  find. 

Ligation  of  an  Intercostal  Artery  by  Partial  Subperiosteal 
Excision  of  Rib  (Hartley's  Operation). — An  incision  about  6  cm. 
(2\  in.)  is  made  parallel  with  and  directly  over  the  center  of  the  rib. 


tia.  266. — Ligation  or  Left  Intercostal  Artery,  in  Lower  Anterior  Thoracic  Region, 
by  Partial  Excimon  of  a  Rib. 
A,  Thoracic  muscles;  B,  external  intercostal  muscle;  C,  rib.  with  half-button  of  bone  bitten  out 
with  rongeur  forceps;  D,  periosteum,  incised  over  center  of  rib;  E,  lower  half  of  anterior  layer  of 
periosteum  retracted  downward;  F,  F,  posterior  layer  of  periosteum  incised  and  retracted  upward 
and  downward,  showing  intercostal  vessels  beneath;  G,  intercostal  artery;  H,  intercostal  vein; 
I,  intercostal  nerve.     (Hartley's  method.) 

The  above  incision  passes  through  the  skin,  superficial  fascia,  and 
overlying  thoracic  muscles  (according  to  the  site  of  the  operation), 
deep  fascia,  and  periosteum  (Fig.  266).  With  periosteal  elevator  free 
the  lower  half  of  the  anterior  surface,  the  inferior  groove,  and  the 
lower  half  of  the  posterior  surface  of  the  rib,  all  subperiosteally.  Then, 
with  rongeur  bone-forceps,  bite  out  a  "half-button"  of  bone  from  the 
bared  lower  half  of  the  rib,  being  careful  to  insert  the  lower  blade  of 
the  rongeur  between  the  detached  periosteum  and  the  rib.  After  the 
half-button  of  bone  is  removed,  the  position  of  the  artery  is  plainly 
evident,  and  the  vessel  is  exposed  by  incising  through  the  periosteal 
membrane  directly  over  it.  The  artery  may  also  be  exposed  by  the 
ordinary  method  of  subperiosteal  excision  of  about  4  cm.  (1A  in.)  of 
rib  throughout  its  entire  thickness. 


704 


LIGATION    OF    ARTERIES. 


Ligation  of  the  Abdominal  Aorta.— The  indications  for  ligation 
are  iliac  and  inguinal  aneurisms,  and  primary  and  secondary  hemor- 
rhage, in  cases  where  no  other  means  are  possible. 

The  site  for  ligation  is  between  the  origin  of  the  inferior  mesenteric 
(between  2.5  and  5  cm.,  or  1  to  2  in.,  above  the  bifurcation)  and 
the  bifurcation. 

The  line  of  the  artery  extends  from  a  point  in  the  anterior  median 
line,  on  a  level  with  the  lower  border  of  the  twelfth  dorsal  vertebra, 
to  a  point  a  little  to  the  left  of  the  umbilicus,  on  a  level  with  the  highest 
points  of  the  iliac  crests. 
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Fio.  267. — Incisionb  for  Ligations  in  the  Abdominopelvic  Region. 
A,  Exposure  of  abdominal  aorta  by  transperitoneal  route,  through  median  incision  over  um- 
bilicus; B.  exposure  of  internal  iliac,  common  iliac,  and  abdominal  aorta  by  retroperitoneal  route 
through  oblique  incision  parallel  with  Poupart's  ligament;  C,  exposure  of  external,  internal,  and 
common  iliacs  by  transperitoneal  route,  through  median  incision  below  umbilicus;  D,  of  external 
and  deep  epigastric,  retroperitoneally,  through  oblique  incision  parallel  with  Poupart's  ligament; 
E,  of  common,  internal,  and  external  iliacs,  transperitoneally,  through  vertical  incision  in  linea 
semilunaris;  F,  of  external  iliac,  transperitoneally,  through  intramuscular  incision;  G,  G,  anterior 
superior  iliac  spines;   H,  symphysis  pubis. 

Ligation  of  the  Abdominal  Aorta  by  the  Transperitoneal 
Method. — The  abdomen  is  opened  in  the  median  line  and  the  posterior 
parietal  peritoneum  is  opened  over  the  artery. 

The  patient  lies  in  the  supine  position  with  the  shoulders  raised 
and  the  knees  slightly  flexed.  The  surgeon  stands  on  the  right  side. 
The  assistant  is  opposite. 

The  landmarks  are  the  median,  vertical  abdominal  line,  and  the 
transverse  line  on  the  level  with  the  highest  points  of  the  iliac  crest. 

The  incision  is  made  about  10  cm.  (4  in.)  in  length  in  the  linea 
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alba,  with  its  center  corresponding  with  the  umbilicus,  the  incision 
passing  slightly  to  the  left  of  the  navel,  to  avoid  the  round  ligament 
of  the  liver  and  urachus  (Fig.  267,  A). 

The  peritoneal  cavity  having  been  opened  in  the  usual  manner, 
the  small  intestines  and  mesentery  are  well  retracted  upward  and  to 
the  sides.  Guided  to  the  artery  by  its  known  position  and  by  its  pul- 
sation, the  peritoneum  covering  the  vessel  is  carefully  divided  between 
the  inferior  mesentery  and  its  bifurcation  into  the  iliacs.  The  clearing 
of  the  artery  should  be  done  with  especial  care,  as  inclusion  of  the 
sympathetic  nerve  fibers  is  otherwise  apt  to  take  place,  and  is  supposed 
to  have  occurred  in  one  case  which  quickly  ended  fatally.  A  flat  liga- 
ture should  be  used  (kangaroo  tendon,  chromicized  gut,  and  silk,  flat 
and  round,  have  been  used).  The  needle  should  be  of  special  shape, 
and  should  be  passed  in  the  direction  away  from  the  inferior  vena  cava. 
The  above  technic  constitutes  the  most  desirable  form  of  operation, 
though  one  of  the  most  successful  cases,  as  to  length  of  life,  was 
through  a  posterior  retroperitoneal  exposure. 

Ligation  of  the  Abdominal  Aorta  Through  a  Retroperitoneal 
Approach. — The  artery  is  here  approached  from  the  anterolateral 
abdominal  region,  the  peritoneum  being  pushed  back  from  the  iliac 
vessels  until  the  aorta  is  reached  and  exposed.  The  operation  is 
practically  similar  to  that  for  the  exposure  and  ligation  of  the  common 
iliac  extraperitoneally,  the  site  being  reached  by  an  extension  of  those 
steps  (Fig.  267,  B,  except  on  left  side,  and  Fig.  268).  The  patient  is 
placed  so  as  to  be  tilted  toward  the  left  right  side,  the  surgeon  standing 
behind  the  patient,  upon  the  side  of  the  operation  (the  left).  An 
extension  of  the  incision  employed  for  the  common  iliac  is  carried 
further  upward  to  give  the  necessary  room;  and,  if  still  required, 
additional  room  may  be  gotten  by  a  second  incision  running  parallel 
with  the  ribs,  at  a  right  angle  to  the  main  incision.  The  incision  is 
made  upon  the  left  side,  its  general  direction  being  from  just  within 
the  anterior  superior  iliac  spine  toward  the  tip  of  the  tenth  rib,  and 
the  aorta  is  reached  by  following  up  the  common  iliac  in  the  peeling 
back  of  the  peritoneum  from  the  iliac  fascia.  The  separation  of  the 
parts  and  exposure  of  the  common  iliac  are,  otherwise,  the  same  as  for 
the  ligation  of  that  vessel.  The  vessel  is  thus  less  satisfactorily  exposed 
than  by  the  intra-abdominal  operation,  and  there  is  greater  difficulty 
in  avoiding  the  sympathetic  nerve-cords  that  surround  the  vessel. 
The  ligature  is  placed  upon  the  same  site  as  in  the  intra-abdominal 
operation,  and  the  inferior  vena  cava  is  guarded  in  passing  the  needle. 

Ligation  of  the  Common  Iliac  Arteries.— The  indications  for 
ligation  are  aneurisms,  wounds,  the  arrest  of  hemorrhage  from  distal 
parts,  and  preparatorily  to  other  operations. 

The  vessel  is  ligated  in  as  nearly  the  middle  of  its  course  as  possible. 

The  line  of  the  artery  is  indicated  in  the  following  manner:   draw 

a  line  transversely  across  the  abdomen,  on  a  level  with  the  highest 

points  of  the  iliac  crests,  which  will  cross  the  abdominal  aorta  at  its 

bifurcation,  draw  a  second  line  transversely  across  the  abdomen  on  a 

vol.  v— 45 
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level  with  the  anterior  superior  iliac  spines,  which  will  cross  the  common 
iliacs  at  their  bifurcation;  draw  a  third  line  from  a  point  on  the  first 
line  about  1.3  cm.  (A  in.)  to  the  left  of  its  center  (which  is  the  linea 
alba),  to  a  point  midway  between  the  anterior  superior  iliac  spine  and 
the  symphysis  pubis.  That  portion  of  the  third  line  between  the  two 
zones  represents  the  common  iliac,  and  that  portion  below  the  lower 
zone,  the  external  iliac.  The  right  common  iliac  is  about  5  cm.  (2  in.) 
in  length,  and  the  left  about  4.5  cm.  (1J  in.). 


B 
M 
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Fig.  268. — Ligation  of  Right  Common  and  Internal  Iliacs,  Retroperjtoneallt. 

A,  A,  External  oblique  muscle  and  aponeurosis;  B,  internal  oblique;  C,  transversalis;  D,  con- 
joint tendon^  E,  E,  peritoneum,  retracted;  F,  ureter,  retracted;  G,  common  iliac  artery  (sheath 
incised);  H.  internal  iliac  artery  (sheath  incised);  I.  external  iliac  artery;  J,  external  and  internal 
iliac  veins;  K,  K,  deep  epigastric  artery;  L,  deep  circumflex  iliac  artery;  N,  iliolumbar  artery;  O, 
spermatic  artery;  P,  anterior  crural  nerve;  Q,  ilio-inguinal  nerve:  R,  genitocrural  nerve;  S,  external 
cutaneous  nerve;  T,  iliac  fascia;  M,  lumbar  artery  and  iliohypogastric  (or  dorsal)  nerve. 


Ligation  of  the  Common  Iliac  Artery  by  the  Retroperitoneal 
Method. — The  patient  is  supine  or  slightly  turned  to  one  side.  The 
intestines  are  more  easily  displaced  from  the  field  of  operation  if  the 
patient  be  in  the  Trendelenburg  position.  The  surgeon  stands  upon 
the  side  of  operation.     The  assistant  is  opposite. 

The  landmarks  are  the  line  of  the  external  iliac  artery  (v.  s.),  Pou- 
part's  ligament,  the  anterior  superior  spine  of  the  ilium,  and  the  eleventh 
rib. 
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The  incision  is  begun  as  for  the  exposure  of  the  external  iliac  (page 
711)  and  continued  in  the  cleavage  line  of  the  external  oblique  as  far 
upward  toward  the  eleventh  rib  as  necessary  to  furnish  sufficient  room 
(Fig.  267,  B). 

The  steps  of  the  operation  are  identical  with  those  for  exposure 
of  the  external  iliac  (page  711),  with  an  extension  upward,  in  the 
present  operation,  of  the  separation  of  the  fibers  of  the  external  oblique 
and  a  division  of  the  fibers  of  the  internal  oblique  and  transversalis 
as  far  up  toward  the  eleventh  rib  as  necessary,  the  incision  of  the  two 
latter  muscles  corresponding  in  direction  with  the  separation  of  the 
fibers  of  the  external  oblique  (Fig.  268).  In  this  higher  part  of  the 
wound  the  last  dorsal  and  other  dorsal  nerves  are  apt  to  be  encountered 
between  the  internal  oblique  and  transversalis  and  are  to  be  carefully 
preserved.  The  deep  circumflex  iliac  artery  and  the  lumbar  arteries 
are  apt  to  be  met  here  above  the  crest  of  the  ilium.  Having  divided 
the  transversalis  fascia  and  separated  the  peritoneum  from  the  iliac 
fascia  (which  overlies  the  iliacus  muscle),  detaching  it  downward 
and  backward  to  the  psoas  muscle,  and  then  upward  to  the  sacral 
promontory,  the  structures  in  the  floor  of  the  iliac  fossa  are  exposed. 
The  external  iliac  artery  is  first  found,  and  this  is  followed  up  to  the 
common  iliac,  guarding  the  deep  epigastric.  The  genitocrural,  external 
cutaneous,  and  anterior  crural  nerves,  branch  of  the  iliolumbar,  and 
the  spermatic  arteries  cross  this  area.  The  ureter  crosses  either  the 
common  iliac  or  the  external  iliac  obliquely  opposite  the  first  piece  of 
the  sacrum,  having  the  ileum  in  front  of  it  on  the  right  and  the  sigmoid 
flexure  of  the  colon  in  front  of  it  on  the  left,  but  in  the  peeling  back  of 
the  peritoneum  the  ureter  usually  adheres  to  the  peritoneum,  and  is 
thus  removed  from  the  area  of  operation  without  trouble.  The  artery 
having  been  reached  and  bared  of  peritoneum,  the  needle  is  passed 
from   the   iliac   vein. 

The  line  of  incision  may  begin  further  to  the  outer  side  of  the  external 
iliac  than  for  the  typical  operation  upon  that  artery,  though  that 
vessel  is  then  a  little  less  easily  encountered.  As  to  a  choice  between 
the  extraperitoneal  and  intraperitoneal  operation,  the  former  is  to  be 
preferred  wherever  the  relations  of  the  parts  are  not  too  much  dis- 
turbed by  disease  or  injury.  The  common  iliac  artery  may  also  be 
ligated  by  the  transperitoneal  route.  The  steps  are  practically  the 
same  as  for  the  transperitoneal  ligation  of  the  abdominal  aorta,  though 
somewhat  less  extensive,  and  with  the  slight  modifications  necessitated 
by  the  anatomy  of  the  parts  (Fig.  267,  C).  Especial  care  is  taken  to 
recognize  the  position  of  the  ureter  before  incising  the  peritoneum. 

Ligation  of  the  Internal  Iliac  Artery.— The  indications  for 
the  ligation  of  this  artery  are  gluteal  and  sciatic  aneurism,  hemorrhage, 
and  to  cause  atrophy  of  the  prostate  gland. 

The  vessel  is  secured  midway  between  its  origin  and  its  bifurcation. 

The  line  of  the  artery  is  given  under  that  of  the  common  iliac. 

The  vessel  may  be  secured  by  either  the  retroperitoneal  or  trans- 
peritoneal route. 
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Ligation  by  the  Retroperitoneal  Route. — The  position,  land- 
marks, and  incision  are  the  same  as  for  the  retroperitoneal  ligation  of 
the  external  iliac,  which,  having  been  exposed,  is  followed  up  to  the 
bifurcation  of  the  common  iliac  (Fig.  267,  B,  and  Fig.  269). 

Ligation  by  the  Transperitoneal  Route. — The  position,  land- 
marks, incision,  and  operation  are  the  same  as  for  the  transperitoneal 
ligation  of  the  abdominal  aorta,  with  the  modifications  necessitated 
by  the  anatomy  of  the  parts  (Fig.  267,  C  and  page  704).  Recognize 
the  position  of  the  ureter  before  incising  the  peritoneum. 

Ligation  of  the  Sciatic  Branch  of  the  Internal  Iliac— The  indi- 
cations for  ligation  are  wounds  and  hemorrhage. 


Fig.  269. — Incisions  for  Ligations  About  the  Buttock. 
A,  Posterior  superior  iliac  spine;  B.  great  trochanter;  C,  tuberosity  of  ischium;  D,  incision  for 
exposure  of  gluteal  branch  of  internal  iliac  at  its  emergence  from  upper  part  of  great  sacrosciatic 
notch:  E,  for  exposure  of  sciatic  and  internal  pudic  branches  of  internal  iliac  at  their  emergence 
from  lower  part  of  great  aacrosciatic  notch. 

The  site  for  ligation  is  at  the  emergence  of  the  vessel  onto  the 
gluteal  region,  just  below  the  pyriformis  muscle. 

The  line  of  the  artery  is  gotten  in  the  following  manner — having 
rotated  the  thigh  inward  and  slightly  flexed  it,  draw  a  line  from  the 
posterior  superior  iliac  spine  to  the  outer  border  of  the  tuberosity  of 
the  ischium.  The  point  on  this  line,  at  the  junction  of  its  middle  and 
lower  thirds,  will  represent  the  site  at  which  the  sciatic  and  pudic 
arteries  emerge  from  the  lower  part  of  the  sciatic  foramen  upon  the 
gluteal  region  (Fig.  269,  A,  C,  E). 

Ligation  of  the  Sciatic  upon  the  Buttock. — The  patient  lies 
upon  the  uninvolved  side,  rolled  nearly  onto  the  chest,  with  the  knee 


LIGATION    OF    SPECIAL    ARTERIES.  709 

flexed  and  thigh  rotated  inward.  The  surgeon  is  on  the  side  of  the 
operation,  the  assistant  standing  opposite. 

The  landmarks  are  the  posterior  superior  iliac  spine  and  the  tuberos- 
ity of  the  ischium. 

Having  drawn  the  line  of  the  artery,  as  given  above,  make  an  incision 
about  10  cm.  (4  in.)  in  length,  obliquely  across  this  line,  in  the  direc- 
tion of  the  fibers  of  the  gluteus  maximus  (which  run  from  above  and 
behind,  downward  and  forward),  with  its  center  corresponding  to 
the  junction  of  the  middle  and  lower  thirds  of  the  line  (Fig.  269,  E). 

Having  incised  the  skin  and  thick  fatty  areolar  tissue,  divide  the 
fibers  of  the  gluteus  maximus  in  their  cleavage  line  (Fig.  270,  F).  Re- 
tract the  separated  margins  of  this  muscle  upward  and  downward 
respectively.  Expose  the  lower  margin  of  the  pyriformis  muscle. 
Follow  the  lesser  sacrosciatic  ligament  to  the  spine  of  the  ischium, 


L 

Fig.  270. — Ligation  ok  Right  Internal  Pddic  and  Sciatic  Arteries  upon  the  Buttock,  Below 

THE  PYRIFORMIft. 

A,  A,  Gluteus  maximus  (incised  and  retracted);  B,  pyriformis  (lower  border  retracted  upward): 
C,  obturator  interims,  with  gemellus  superior  and  inferior  above  and  below;  D,  pudic  artery  and 
venae  comites;  E,  internal  pudic  nerve;  F,  sciatic  artery  and  veme  comitea;  G,  small  sciatic  nerve; 
H,  great  sciatic  nerve. 

when  the  sciatic  artery  will  be  found  emerging  from  beneath  the  pyri- 
formis muscle,  passing  out  of  the  pelvis  above  the  spine  of  the  ischium, 
and  the  lesser  sacrosciatic  ligament  attached  to  it  and  lying  posterior 
and  external  to  the  pudic  artery. 

Ligation  of  the  Internal  Pudic  Artery.— Wounds  and  hemor- 
rhage are  the  chief  indications  for  ligation  of  this  vessel. 

The  artery  may  be  tied  over  the  spine  of  the  ischium  or  in  the 
perineum  (Figs.  269,  270). 

The  line  of  the  artery  is  indicated  under  Ligation  of  the  Sciatic 
Artery  (page  708). 

The  position,  landmarks,  incision,  and  operation  are  the  same  as 
for  the  ligation  of  the  sciatic  branch  of  the  internal  iliac  upon  the 
buttock,  the  arteries  lying  side  by  side  at  their  exit  from  the  pelvis, 
below  the  lower  border  of  the  pyriformis  (Fig.  268,  E,  and  Fig.  269,  D). 
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Ligation  of  the  Gluteal  Artery.— The  indications  for  ligation 
are  wounds  and  aneurism. 

The  site  for  ligation  is  at  the  emergence  from  the  sciatic  notch,  at 
the  upper  border  of  the  pyriformis  muscle. 

To  find  the  line  of  the  artery,  having  rotated  inward  and  slightly 
flexed  the  thigh,  draw  a  line  from  the  posterior  superior  iliac  spine  to 
the  top  of  the  great  trochanter.  A  point  on  this  line  at  the  junction 
of  the  upper  and  middle  thirds  will  correspond  with  the  emergence  of 
the  gluteal  artery  from  the  sciatic  notch  (Fig.  268,  A,  B,  D). 

Ligation  of  the  Gluteal  Artery  Upon  the  Buttock. — The  patient 
lies  on  the  involved  side,  rolled  nearly  onto  the  chest,  with  knee  flexed 
and  the  thigh  rotated  inward.  The  surgeon  is  on  the  side  of  the  opera- 
tion. 


Fig.  271. — Ligation  of  Right  Gluteal  Artery  upon  the  Buttock,  Above  the  Pyriformis. 
A,  Deep  fascia  over  gluteus  maximus;  B,  B,  gluteus  maximus,  incised  and  retracted;  C,  gluteus 
medius  (retracted  upward);  D,  pyriformis  (retracted  downward);  E,  fascia  between  gluteus  max- 
imus and  gluteus  medius  and  pyriformis;  F,  gluteal  artery  and  venie  comites;    G,  superior  gluteal 
nerve  and  branches;  H,  gluteus  minimus. 

The  landmarks  are  the  posterior  superior  iliac  spine  and  the  top 
of  the  great  trochanter. 

The  incision  is  about  10  cm.  (4  in.)  in  length,  and  is  placed  along 
the  line  given  above,  with  its  center  at  the  junction  of  its  upper  and 
middle  thirds,  which  will  be  over  the  site  at  which  the  gluteal  artery 
leaves  the  sciatic  notch  (Fig.  268,  I)). 

After  dividing  the  skin  and  superficial  fascia,  some  superficial  nerves 
and  the  fascia  of  the  gluteus  maximus,  the  muscle  itself  is  met,  its 
fibers  running  parallel  with  the  skin  incision  (Fig.  271).  Incise  the 
muscle-fibers  of  the  gluteus  maximus  along  their  cleavage  line.  Having 
passed  through  the  thickness  of  the  gluteus  maximus,  a  branch  of  the 
gluteal  artery  will-  generally  lead  to  the  interval  between  the  gluteus 
medius  and  pyriformis  (which  otherwise  is  sought  without  this  guide). 
Having  divided  the  fascia  over  the  lower  border  of  the  gluteus  medius, 
separate  these  muscles  by  retractors  and  expose  the  upper  margin  of 
the  sciatic  notch  by  passing  the  finger  under  the  lower  border  of  the 
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gluteus  medius,  and  through  the  upper  portion  of  the  sciatic  notch, 
between  the  lower  border  of  the  gluteus  medius  and  the  upper  border  of 
the  pyriformis,  emerge  the  gluteal  artery,  vein,  and  superior  gluteal  nerve. 

Ligation  of  the  External  Iliac  Artery.— The  indications  for 
ligation  are  wounds,  secondary  hemorrhage,  femoral  or  iliofemoral 
aneurisms,  to  arrest  malignant  growths,  elephantiasis  arabum,  and 
as  a  distal  ligation  in  aneurism  of  the  common  iliac. 

The  site  of  the  ligation  is  proximal  to  the  deep  epigastric  and  deep 
circumflex  iliac  branches. 

The  line  of  the  artery  is  indicated  under  the  Common  Iliac,  page  705. 

Ligation  of  the  External  Iliac  by  the  Retroperitoneal  Route. — 
The  patient  lies  in  the  supine  position,  near  the  edge  of  the  table.     The 


Fia.  272. — Ligation  of  Right  External  Iliac,  Retroperitoneally  through  Oblique  Incision 
Parallel  with  Poupart'b  Ligament. 
A,  A,  Superficial  epigastric  artery;  B,  external  oblique  muscle;  C,  C,  external  oblique  aponeurosis; 
D,  internal  oblique;  E.  ilio-inguinal  nerve;  F,  transversalia  muscle;  G,  conjoint  tendon;  H,  deep 
circumflex  iliac  artery  and  accompanying  vein;  I,  deep  epigastric  artery  and  vensp  comites;  J,  genito- 
crural  nerve;  K,  peritoneum  (peeled  back  and  retracted  upward);  L.  iliac  fascia;  M,  external  iliac 
artery  (its  sheath  incised);  N,  external  iliac  vein;  O,  anterior  crural  nerve  (seen  through  fascia); 
I*,  Poupart's  ligament. 

surgeon  stands  on  the  side  of  the  operation.  The  landmarks  are 
Poupart's  ligament,  the  anterior  superior  iliac  spine,  and  the  line  of 
the  artery.  The  incision  begins  over  the  external  iliac  artery,  about 
1.3  cm.  (i  in.)  above  Poupart's  ligament,  and  passes  upward  and  out- 
ward, parallel  with  the  ligament,  to  the  anterior  superior  iliac  spine, 
and  is  prolonged  upward  as  far  as  necessary  in  the  cleavage  line  of  the 
external  oblique  (Fig.  267,  D).  Having  incised  the  skin  and  superficial 
fascia,  together  with,  possibly,  the  superficial  epigastric  and  the 
branches  of  the  superficial  circumflex  iliac,  with  their  veins,  ligating 
where  necessary,  expose  the  aponeurosis  of  the  external  oblique  (Fig. 
272).  Divide  this  aponeurosis  in  its  cleavage  line  without  cutting  its 
fibers,  and  continue  this  division  or  separation  in  the  cleavage  line 
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as  far  toward  or  beyond  the  anterior  superior  iliac  spine  as  indicated 
to  give  free  room  for  manipulation.  Having  retracted  the  cut  edges 
of  the  external  oblique  well  apart,  separate  from  the  outer  half  of 
Poupart's  ligament  the  attachment  of  the  internal  oblique.  Carefully 
retract  the  cut  edges  of  the  internal  oblique,  being  on  the  watch  for 
branches  of  the  iliohypogastric  and  ilio-inguinal  nerves  between  the 
internal  oblique  and  transversalis,  and,  if  encountered,  carefully  dis- 
place them  above  or  below,  but  avoid  cutting  them.  If  necessary 
to  gain  more  room,  the  internal  oblique  is  to  be  carefully  incised  in  the 
line  of  the  separation  of  the  external  oblique  as  far  as  the  upper  limit 
of  the  separation  of  the  fibers  of  the  latter  muscle.  Having  incised 
the  internal  oblique  and  protected  the  nerves  encountered,  detach  the 
transversalis  from  the  outer  third  of  Poupart's  ligament,  and  as  far 
beyond  as  necessary,  incising  its  fibers  transversely  to  their  direction, 
but  in  the  direction  of  the  division  of  the  internal  oblique.  After 
dividing  the  transversalis,  guard  the  deep  circumflex  iliac  artery  and 
vein  and  the  genitocrural  nerve,  both  lying  between  the  transversalis 
fascia  and  peritoneum.  Having  now  separated  the  fibers  of  the  apon- 
eurosis of  the  external  oblique,  and  divided  the  fibers  of  the  internal 
oblique  and  transversalis  in  the  same  line  as  the  separation  of  the 
external  oblique  aponeurosis,  and  having  safeguarded  the  important 
nerve  encountered,  the  fascia  transversalis  is  then  exposed  and  is 
divided  over  the  artery  in  a  transverse  direction,  corresponding  with 
the  preceding  incision  lines  and  separation.  The  artery  is  here  clearly 
defined,  and  the  deep  epigastric,  the  main  source  of  collateral  circulation, 
is  carefully  guarded.  As  soon  as  the  artery  is  clearly  located,  the  sub- 
peritoneal tissue  about  the  vessel  is  carefully  opened  up  and  the  artery 
well  exposed  as  well  as  the  deep  epigastric,  for  the  purpose  of  guarding 
it.  The  peritoneum  is  then  pushed  and  rolled  backward  and  upward 
from  the  vessel  with  the  fingers  and*  held  out  of  the  way  by  retractors. 
When  sufficiently  exposed,  the  sheath  of  the  artery  is  opened  and  the 
needle  passes  from  the  vein  on  the  inner  side,  guarding  the  anterior 
crural  nerve  on  the  outer  side.  The  ligature  should  be  about  3  cm. 
(1J  in.)  above  Poupart's  ligament.  In  concluding  the  operation 
the  cut  edges  of  the  transversalis  are  united  by  catgut  sutures  to  their 
line  of  severance  from  Poupart's  ligament,  and  as  far  beyond  as  they 
may  have  been  divided.  The  cut  edges  of  the  internal  oblique  are 
similarly  sutured  to  their  former  attachment  to  Poupart's  ligament, 
and  to  their  opposite  cut  margin  as  far  as  divided.  And,  finally,  the 
separated  margins  of  the  external  oblique  are  united  by  buried  gut 
sutures.     The  skin  wound  is  then  closed. 

The  incision  for  exposure  may,  if  thought  necessary,  begin  about 
3  cm.  (1\  in.)  to  the  outer  side  of  the  spine  of  the  os  pubis,  being  thus 
begun  well  to  the  inner  side  of  the  artery,  as  in  the  modified  Astley 
Cooper  operation. 

Ligation  of  the  External  Iliac  by  the  Transperitoneal  Route. — 
The  position  is  the  same  as  in  the  extraperitoneal  operation,  or  the 
patient  may  be  in  the  Trendelenburg  position. 
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The  landmarks  are  the  same  as  far  as  the  extraperitoneal  exposure. 

The  incision  may  be  made  in  one  of  three  sites:  as  an  intramuscular 
incision,  placed  over  the  site  of  the  artery  to  be  tied  (Fig.  267,  F) ; 
as  a  vertical  incision  in  the  linea  semilunaris  (Fig.  267,  E);  or  as  a 
vertical  incision  in  the  linea  alba  (Fig.  267,  C). 

The  steps  of  the  operation  and  the  manipulation  to  expose  the  site 
of  ligation  are,  practically,  similar  to  those  in  the  transperitoneal 
exposure  of  the  common  iliac  or  the  internal  iliac. 

Ligation  of  the  Femoral  Artery.— The  indications  for  ligation 
are  the  same  as  for  ligation  of  the  external  iliac  (p.  711). 

The  sites  for  ligation  are  the  common  femoral  at  the  base  of  Scarpa's 
triangle,  rare  (on  account  of  proximity  of  large  vessels) ;  the  superficial 


Fio.  273. — Incisions  for  Ligation  of  Chief  Arteries  of  Thigh. 
A.  Anterior  superior  iliac  spine;  B,  symphysis  pubis;  C.  adductor  tubercle;  D,  midpoint  between 
anterior  superior  iliac  spine  ana  symphysis  pubis;  K,  ligation  of  common  femoral  at  base  of  Scarpa's 
triangle,  by  incision  parallel  with  artery;  F,  same,  by  incision  parallel  with  and  just  below  Poupart's 
ligament;  G.  of  profunda  femoris,  near  origin;  H,  of  superficial  femoral  at  apex  of  Scarpa's  triangle; 
I,  of  superficial  femoral  in  Hunter's  canal;  J,  of  popliteal  in  upper  part  of  popliteal  space,  from  inner 
side  of  thigh. 

femoral  at  the  apex  of  Scarpa's  triangle,  the  operation  of  election; 
and  the  superficial  femoral  in  Hunter's  canal,  not  common  (Fig.  273). 
The  line  of  the  artery  is  determined  in  the  following  manner:  the 
hip  is  slightly  flexed  and  the  thigh  abducted  and  rotated  outward. 
The  line  is  from  a  point  midway  between  the  anterior  superior  iliac 
spine  and  symphysis  pubis,  to  the  abductor  tubercle  of  internal  femoral 
condyle  (Fig.  273,  D,  C).  When  the  thigh  is  in  normal  position  and 
parallel  with  its  fellow,  the  line  is  then  from  a  point  midway  between 
the  anterior  superior  iliac  spine  and  symphysis  pubis  to  inner  border 
of  the  patella.  A  few  observations  may  be  here  made.  A  short 
common  femoral  is  more  frequent  than  a  long  one.  The  apex  of  Scarpa's 
triangle  is  from  7.5  cm.  to  9  cm.  (3  to  3$  in.)  below  Poupart's  liga- 
ment. The  profunda  femoris  arises  about  4  cm.  (1$  in.)  below  Pou- 
part's  ligament.     At  the  groin  the  femoral  artery  and  vein  are  on  the 
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same  plane;  at  the  apex  of  Scarpa's  triangle  the  vein  is  posterior,  in 
the  middle  of  Hunter's  canal  the  vein  is  posterior  and  slightly  external, 
at  the  lower  part  of  Hunter's  canal  the  vein  is  external.  The  order 
of  the  vessels  at  the  apex  of  Scarpa's  triangle,  from  before  backward, 
is  the  femoral  artery,  femoral  vein,  profunda  vein,  and  profunda  artery. 


Fig.  274. — Ligation  of  Rioht  Common  Femoral  at  Base  of  Scarpa's  Triangle. 
A,  A,  Superficial  fascia;  B,  B,  fascia  lata;  D,  pectineus;  E,  psoas;  G,  G,  Poupart's  ligament 
and  external  oblique;  H,  common  femoral  artery,  with  superficial  epigastric,  external  pudic,  and 
circumflex  iliac  branches;  I,  I,  femoral  vein;  J,  internal  saphenous,  with  superficial  epigastric 
external  pudic,  and  circumflex  iliac  veins;  K,  anterior  crural  nerve;  L,  crural  branch  of  genito- 
crural. 


The  line  approximately  representing  the  course  of  the  long  saphenous 
vein  is  one  running  from  a  point  about  2  cm.  (f  in.)  internal  to  the 
midpoint  between  the  anterior  superior  iliac  spine  and  symphysis 
pubis,  to  the  posterior  border  of  the  sartorius  muscle  at  the  femoral 
condyle. 
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Ligation  of  the  Common  Femoral  at  the  Base  of  Scarpa's 
Triangle  by  an  Incision  Parallel  with  Artery. — The  patient  lies 
in  the  supine  position,  the  hip  slightly  flexed,  the  thigh  abducted 
and  rotated  outward,  and  the  knee  bent  and  lying  upon  its  outer  aspect. 

The  surgeon  stands  on  the  side  of  the  operated  limb,  cutting  from 
above  downward  on  the  right,  and  vice  versa. 

The  landmark  is  the  line  of  the  artery. 

The  incision  is  about  5  cm.  (2  in.)  long,  beginning  just  a  little 
above  Poupart's  ligament  and  extending  downward  in  the  line  of  the 
artery  (Fig.  273,  E). 


Fia.  275. — Cross-bection  of  the  Left  Thioh  Through  the  Head  of  the  Femur.     (The  skin 
relations  of  this  section  erroneously  represent  a  lower  level.) 

A,  Iliacus;  B,  sartorius;  C,  femoral  artery,  vein,  and  crural  nerve;  D,  pectineus;  E,  psoas;  F. 
tensor  vagina*  femoris;  G,  gluteus  minimus;  H,  gluteus  medius;  I,  great  sciatic  artery,  vein,  ana 
nerve;  J,  gluteus  maximus;  K,  obturator  internus;  L,  obturator  externus;  M,  adductor  b  rev  is; 
N,  adductor  longus.     (Cross-section  from  Braune.) 

Incise  the  skin  and  the  superficial  fascia.  Avoid  the  lymphatic 
glands,  also  the  superficial  circumflex  iliac,  the  superficial  epigastric, 
and  the  superficial  external  pudic  arteries  and  veins.  Divide  the 
iliac  portion  of  the  fascia  lata  (Fig.  274).  Avoid  the  crural  branch  of 
the  genitocrural  nerve  on  the  femoral  sheath,  a  little  external  to  the 
artery.  Expose  and  open  the  sheath,  guarding  the  femoral  vein, 
which  lies  immediately  to  the  inner  side  of  the  artery  and  within  the 
sheath,  and  the  anterior  crural  nerve  lying  further  to  the  outer  side 
of  the  artery  and  outside  of  the  sheath  (Fig.  275).     Pass  the  needle 
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from  the  vein.  It  may  be  said  that  the  ligation  of  the  femoral  at  the 
base  of  Scarpa's  triangle  is  rarely  done,  owing  to  the  number  and 
nearness  of  the  branches,  except  in  such  cases  as  wounds  and  to  control 
hemorrhage  at  the  hip-joint,  or  for  temporary  control  in  operating 
about  the  thigh.  Where  not  otherwise  indicated,  the  ligation  of  the 
external  iliac  is  the  better  operation.  The  artery  may  also  be  exposed 
at  this  site  by  an  incision  parallel  with  and  about  6  mm.  (£  in.)  below 
the  middle  third  of  Poupart's  ligament  (Fig.  273,  F). 


Fig.  27ti. — Ligation  of  Right  Femoral  at  Apex  ok  Scarpa's  Triangle. 
A.  Sartorius;  B,  adductor  longua;  C,  femoral  artery  and  muscular  branches,  with  its  sheath 
incised  and  retracted;  D,  femoral  vein;  E,  branch  of  internal  saphenous  vein;  F,  long  saphenous 
nerve;  G,  internal  cutaneous  nerve. 

Ligation  of  the  Superficial  Femoral  at  the  Apex  of  Scarpa's 
Triangle. — The  position  and  landmarks  are  the  same  as  in  the  operation 
for  the  exposure  at  the  base  of  Scarpa's  triangle. 

The  incision  is  made  about  7.5  cm.  (3  in.)  in  length  in  the  line 
of  the  artery,  with  its  center  over  the  apex  of  Scarpa's  triangle — that 
is,  about  7.5  cm.  (3  in.)  below  Poupart's  ligament  (Fig.  273,  H). 

Incise  the  skin  and  superficial  fascia.  Draw  aside  or  ligate  the 
branches  of  the  internal  saphenous  vein  (Fig.  276).  Divide  the  fascia 
lata.  Identify  the  inner  margin  of  the  sartorius  (its'  filers  running 
downward  and  inward)  and  retract  it  outward.  Open  up  the  groove 
between  the  sartorius  and  adductor  longus  (the  fibers  of  the  latter 
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running  directly  downward,  or  downward  and  outward),  and  retract 
the  adductor  longus  internally  if  necessary  (Fig.  277). 

The  internal  cutaneous  nerve  and  long  saphenous  nerve  are  en- 
countered anteriorly  to  the  artery  and  are  to  be  displaced  to  one  side. 


Fig.  277. — Cross-section  Through  the  Left  Thigh  at  the  Level  or  the  Lesser  Trochanter. 
A,  Sartorius;  B,  rectus;  C,  superficial  femoral artery,  vein,  and  anterior  crural  nerve;  D,  pro- 
funda femoral  artery  and  vein;  E,  crureus;  F,  iliacus;  G.  tensor  vagina*  femoris;  H,  pectineus; 
I,  vastus  extern  us;  J,  sciatic  nerve  and  artery;  K,  semimembranosus;  L,  biceps  and  semitendinous; 
M,  gluteus  maximus;  N.  adductor  magnus;  O,  adductor  brevis;  P,  adductor  longus;  R,  gracilis. 
(Cross-section  modified  from  Braune.) 

Clearly  identify  the  femoral  sheath  and  incise  it,  guarding  the  femoral 
vein  which  lies  posteriorly  and  internally  to  the  artery.  Pass  the 
needle  from  the  vein. 

Ligation  of  the  Superficial  Femoral  in  Hunter's  Canal. — The 
position  of  the  patient  is  the  same  as  for  the  ligation  at  the  base  of 
Scarpa's  triangle. 

The  landmark  is  the  line  of  the  artery. 

The  incision  is  from  7.5  to  9  cm.  (3  to  3*  in.),  in  the  line  of  the 
artery,  over  the  middle  third  of  the  thigh  (Fig.  273,  I). 

Incise  the  skin  and  superficial  fascia.  The  anterior  branch  of  the 
internal  cutaneous  nerve,  to  the  outer  side,  and  the  long  saphenous 
vein  to  the  inner  side,  are  likely  to  be  encountered.     Divide  the  fascia 
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lata.  Expose  the  outer  edge  of  the  sartorius  (its  fibers  running  down- 
ward and  inward)  and  retract  inward  from  its  position  over  the  roof 
of  Hunter's  canal  (Fig.  278).  Hunter's  canal  is  thereby  exposed  in  the 
interval  l>etween  the  vastus  internus  and  adductor  magnus  (the  fibers 
of  the  latter  running  obliquely  downward  and  outward).  The  nerve 
to  the  vastus  internus  may  be  here  exposed.  Incise  the  roof  of  the 
canal,  when  the  internal  saphenous  nerve  is  found  between  the  aponeu- 


Fi«j.  278. — Ligation  ok  the  Rkjht  Femoral  Arteky  in  Hunter's  Canal. 

A,  Internal  cutaneous  nerve;  B,  sartorius;  C,  Hunter's  canal,  the  roof  incised;  I),  femoral  artery; 

K,  femoral  vein;  F,  internal  saphenous  nerve. 

rotic  roof  and  the  sheath  of  the  vessels,  running  from  without  inward 
(Fig.  279) .  Open  the  sheath  and  pass  the  ligature  from  the  vein.  Guard 
against  taking  the  vastus  for  the  sartorius,  the  fibers  of  the  former 
running  downward  and  outward. 

Ligation  of  the  Popliteal  Artery. — The  indications  for  the 
ligation  of  this  vessel  for  other  conditions  than  those  of  wounds  and 
aneurisms  are  rare. 

The  artery  may  be  ligated  either  in  its  upper  or  lower  part,  the 
vessel  being  tied  with  difficulty  in  its  middle,  owing  to  its  depth  and 
relations  (Figs.  273,  J,  and  280,  F  and  G). 
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The  line  of  the  artery  extends  from  the  outer  border  of  the  semi- 
membranosus, at  the  junction  of  the  middle  and  lower  thirds  of  the 
thigh,  obliquely  down  to  the  middle  of  the  popliteal  space,  directly 
posterior  to  the  knee-joint  (for  the  upper  part  of  the  artery),  and  from 
the  midpoint  of  the  popliteal  space  vertically  down  to  the  level  of  the 
lower  border  of  the  tubercle  of  the  tibia  (for  the  lower  part  of  the 
artery)  (Fig.  280,  A,  B,  C). 


Fio.  279. — Cross-section  Through  the  Middle  or  the  Left  Thigh. 
A,  Rectus  muscle;  B,  vastus  interims;  C,  sartorius;  D,  superficial  femoral  artery,  vein,  and  saph- 
enous nerve;  E,  adductor  longus;  F,  adductor  magnus;  CJ,  gracilis;  H,  semimembranosus;  I, 
vastus  externus;  J,  descending  branch  of  external  circumflex;  K,  terminal  branch  of  profunda 
fcmoris;  L,  cm  reus;  M,  great  sciatic  nerve  and  arteria  comes  ncrvi  ischiadic!;  N,  biceps;  O,  semi- 
tendinous.    (Cross-section  modified  from  Braune.) 

Ligation  of  the  Popliteal  Artery  in  the  Upper  Part  of  the 
Popliteal  Space  from  the  Inner  Side  (Jobert's  Operation). — The 

patient  is  supine,  the  thigh  slightly  flexed  and  fully  abducted  and 
rotated  outward,  with  the  knee  at  a  right  angle  and  resting  on  its 
external  aspect.  The  surgeon  stands  on  the  outside,  cutting  downward 
on  the  right  and  upward  on  the  left  (or  he  may  stand  on  the  inner  side 
of  the  left  and  cut  downward). 

The  landmark  is  the  tendon  of  the  adductor  magnus. 

An  incision  about  7.5  cm.  (3  in.)  in  length,  beginning  opposite 
the  junction  of  the  middle  and  lower  thirds  of  the  thigh,  is  made,  running 
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Fig.  280. — Ligation  of  Popliteal,  Posterior  Tibial,  and  Peroneal  Arteries. 
A,  Outer  border  of  semimembranosus  (at  junction  of  middle  and  lower  thirds  of  thigh);  B, 
middle  of  popliteal  Hpace;  C,  center  of  posterior  aspect  of  leg  on  level  with  tibial  tubercle; 
D,  point  midway  between  convexity  of  heel  and  tip  of  internal  malleolus;  E,  midpoint  between 
outer  border  of  ten  do  Achillis  and  tip  of  external  malleolus;  F,  incision  for  popliteal  artery  in 
upper  part  of  popliteal  space,  from  behind;  G,  same,  in  lower  part  of  popliteal  space;  H,  of 
posterior  tibial  in  its  upper  third;  1,  same,  in  its  middle  third;  J,  same,  in  its  lower  third;  K, 
same,  behind  internal  malleolus;  L,  incision  for  peroneal   in   middle  of  leg. 


parallel  with  and  immediately  posterior  to  the  tendon  of  the  adductor 
magnus  (which  is  inserted  into  the  adductor  tubercle  on  the  internal 
condyle  of  the  femur)  (Fig.  273,  J). 
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Incise  the  skin  and  superficial  fascia.  Avoid  the  anterior  branch 
of  the  internal  cutaneous  nerve  (Fig.  281).  Divide  the  deep  fascia. 
Expose  the  anterior  edge  of  the  sartorius  and  retract  it  backward, 
together  with  the  internal  saphenous  vein,  if  in  view  (the  internal 
saphenous  nerve  being  beneath  the  sartorius,  out  of  view).  Having 
thoroughly  divided  the  deep  fascia,  the  adductor  magnus  tendon  is 
identified  and  drawn  forward,  then  the  semimembranosus  is  identified 
and  drawn  backward,  and  the  artery  is  then  sought  between  these 
two  structures,  near  the  bone  and  in  considerable  fatty  areolar  tissue. 


!   : 


Fia.  281. — Ligation  or  Upper  Part  or  Right  Popliteal  from  Inner  Side  or  Thigh. 

A,  Anterior  branch  of  internal  cutaneous  nerve;  B,  internal  saphenous  vein;  C,  sartorius  (its 
anterior  border  retracted  posteriorly);  D,  internal  saphenous  nerve  (mainly  under  sartorius,  out 
of  sight);  E,  adductor  magnus  (drawn  anteriorly);  F,  semimembranosus  (drawn  posteriorly);  G, 
popliteal  artery;  H,  popliteal  vein  (below  and  external  to  artery). 


Both  the  popliteal  vein  and  nerve  lie  on  a  plane  posterior  to  the  artery, 
and  are  generally  not  brought  to  view. 

Ligation  of  the  Popliteal  Artery  in  the  Lower  Part  of  the 
Popliteal  Space  by  a  Posterior  Median  Incision. — The  patient  lies 
as  nearly  prone  as  feasible,  resting  on  the  side  of  the  shoulder  and 
chest  with  the  limb  extended.  The  surgeon  stands  to  the  outer  side 
of  the  left  limb,  cutting  downward,  and  to  the  outer  side  of  the  right 
limb,  cutting  upwTard  (or  inside  of  the  right  limb,  cutting  downward). 

The  landmarks  are  the  boundaries  of  the  popliteal  space  (the  biceps 
vol.  v — 46 
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above  and  the  plantaris  and  outer  head  of  the  gastrocnemius  below, 
forming  the  outer  boundary,  and  the  semimembranosus  and  semi- 
tendinosus  above  and  the  inner  head  of  the  gastrocnemius  below, 
forming  the  inner  boundary). 

The  incision  is  about  9  cm.  (3 A  in.)  in  length,  beginning  at  the 
middle  of  the  popliteal  space  (on  a  level  with  the  knee-joint)  and  passing 
downward  between  the  two  heads  of  the  gastrocnemius  (Fig.  280,  G). 

Incise  the  skin  and  superficial  fascia.  Avoid  the  external  saphenous 
vein  and  external  saphenous  nerve  in  the  outer  aspect  of  the  wound  or  the 


Fio.  282. — Ligation  or  Right  Popliteal  at  Lower  Part  of  Popliteal  Space. 
A,  Inner  head  of  gastrocnemius  (retracted  inward);  B,  outer  head  of  gastrocnemius  (drawn 
outward);  0,  plantaris;  D,  external  saphenous  vein;  E,  communicant  pophtei  nerve;  F,  internal 
popliteal  nerve  (drawn  inward);  G,  popliteal  vein  (drawn  inward);  H,  popliteal  artery  and  mus- 
cular branches;  I,  popliteus  muscle. 

communicans  poplitei  nerve,  which  helps  form  the  external  saphenous 
nerve  (Fig.  282).  Divide  the  deep  fascia.  Expose  the  inner  and 
outer  heads  of  the  gastrocnemius  with  the  sural  arteries  going  to  them, 
and  retract  these  and  the  plantaris  muscle  to  their  respective  sides. 
Muscular  branches  of  the  internal  popliteal  nerve  may  be  met  with 
here  and  perhaps  the  posterior  tibial  nerve.  The  external  saphenous 
vein  is  the  guide  to  the  popliteal  vessels.  The  internal  popliteal  nerve 
is  found  the  most  superficial  of  the  three  important  structures,  the 
popliteal  vein  next  (both  crossing  to  the  inner  side,  toward  which  side 
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they  are  further  retracted)  and  the  artery  deepest  of   all,   near  the 
bone  and  in  much  fatty  areolar  tissue.     The  needle  is  passed  from  the 


Fio.  283. — Incisions  for  Ligation  of  Anterior  Tibial  and  Dorsalis  Pedis  Arteries. 
A,   Incision  for    upper  third  of    anterior  tibial;  B,  for  middle  third  of  anterior  tibial;  C,  for 
lower  third   of  anterior  tibial;  D,  for  dorsalis  pedis  just  below  ankle-joint;  E,    for  dorsalis  pedis 
in  first  interosseous  apace;  F,  inner  side  of  head  of  fibula;  G,  midpoint  between  two  malleoli. 

side  of  the  vein,  flexure  of  the  knee  aiding  during  this  stage.  A  con- 
tinuation upward  of  the  above  incision  would  amount  to  a  ligation  of 
the  popliteal  artery  in  the  middle  of  the  popliteal  space. 
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Ligation  of  the  Anterior  Tibial  Artery.— The  indications  for  liga- 
tion are  wounds  (of  the  anterior  tibial  or  in  the  foot)  and  aneurisms. 

The  sites  of  ligation  are  the  upper  and  middle  thirds — rarely, 
except  in  wounds — and  the  lower  third,  the  most  frequent  site  (Fig. 
283). 

The  line  of  the  artery  extends  from  the  inner  side  of  the  head  of 
the  fibula  to  the  center  of  the  line  between  the  malleoli.  According 
to  Kocher,  the  line  is  given  as  extending  from  midway  between  the  ex- 


Fig.  284. — Ligation  of  the  Upper  Third  of  the  Right  Anterior  Tibial  Artery. 

A,  Anterior  tibial  artery;   B,  venic  comites;  C,  anterior  tibial  nerve;  D,  extensor  communis  digi- 

to  rum;  E,  branch  of  internal  saphenous  vein;  F,  tibialis  anticus  muscle. 


ternal  surface. of  the  head  of  the  fibula  and  the  center  of  the  tubercle 
of  the  tibia  to  the  same  point  below.  The  artery  passes  through  the 
interosseous  membrane  about  3  cm.  (1J  in.)  below  the  level  of  the 
head  of  the  fibula. 

Ligation  of  the  Anterior  Tibial  Artery  in  Its  Upper  Third. — The 
patient  is  supine,  with  the  leg  extended  and  rotated  inward.  The 
surgeon  is  on  the  outer  side,  cutting  from  above  downward  on  the 
right,  and  vice  versa. 

The  landmark  is  the  line  of  the  artery. 
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An  incision  about  7.5  cm.  (3  in.)  in  length  is  made  in  the  line  of 
the  artery,  beginning  about  2.5  cm.  (1  in.)  below  the  head  of  the  fibula 
(Fig.  283,  A). 

Incise  the  skin  and  superficial  and  deep  fascia.  Define  the  gap 
between  the  tibialis  anticus,  internally,  and  the  extensor  longus  digi- 
torum, externally,  and  retract  these  structures  to  their  respective  sides 
(Fig.  284).  Open  up  this  interval,  flexing  the  foot  to  relax  the  parts. 
Aim  to  reach  the  external  aspect  of  the  tibia,  covered  by  the  tibialis 
anticus,  and  when  reached,  follow  down  to  the  interosseous  membrane, 
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Fig.  285. — Cross-section  through  the  Upper  Third  or  the  Right  Leo. 
A.  Tibialis  anticus;   B,  extensor  longus  digitorum;  C,  anterior  tibial  vessels  and  nerve;  D, 
musculocutaneous  nerve*  E.  peroneus  longus;  F,  F,  F,  F,  gastrocnemius;  H,  posterior  tibial  vessels 
and  nerve;    \r  soleus;   J,    internal    saphenous    vein    and    nerve;    K,    popliteus.      (Cross-section 
modified  from  Braune.) 

upon  which  the  artery  will  be  found  (Fig.  285) .  The  two  venae  comites  lie 
in  very  close  contact,  in  front  of  and  behind  the  artery.  The  anterior 
tibial  nerve  may  not  yet  have  reached  the  outer  side  of  the  artery. 
If  the  vena?  comites  be  not  separable,  include  them  in  the  ligature.  In 
conclusion,  it  may  be  said  that  the  interval  between  the  tibialis  anticus 
and  extensor  longus  digitorum  is  the  key  to  the  situation  and  is  rather 
hard  to  find.  The  outer  edge  of  the  tibialis  anticus  often  overlaps 
the  extensor  longus  digitorum.  And  also  one  may  get  into  the  septum 
between  the  extensor  longus  digitorum  and  peroneus  longus  and  work 
down  toward  the  fibula.     Guides  to  the  proper  intermuscular  gap, 
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accessory  to  the  sensation  of  touch,  are  the  "white  line"  (sometimes 
visible)  and  a  small  artery  leading  to  the  anterior  tibial. 

Ligation  of  the  Anterior  Tibial  Artery  in  Its  Lower  Third. — The 
position  of  the  patient  is  the  same  as  for  the  above  operation,  except 
that  the  foot  is  not  rotated  inward. 

The  landmark  is  the  line  of  the  artery. 

An  incision  from  5  to  7.5  cm.  (2  to  3  in.)  in  length  is  made,  with  its 
center  over  the  center  of  the  lower  third  of  the  leg  (Fig.  283,  C). 

The  skin  and  fascia  are  incised.  Clearly  identify  the  tendon  of  the 
tibialis  anticus.     Divide  the  upper  part  of  the  superior  band  of  the 
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Fig.  286. — Ligation  of  Lower  Third  of  Right  Anterior  Tibial. 
A,  Tendon  of  tibialis  anticus,  retracted  inward;  B,  extensor  proprius  hallucis,  retracted  out- 
ward; C,  extensor  longus  digitorum;  U,  annular  ligament;  E,  anterior  tibial  artery  and  branches; 
F,  F,  anterior  tibial  vence  comites;  G,  anterior  tibial  nerve;  H,  inner  branch  of  musculocutaneous 
nerve;  I,  branch  of  internal  saphenous  vein. 

anterior  annular  ligament  in  the  line  of  the  wound  (Fig.  286).  Demon- 
strate the  interval  between  the  tendon  of  the  tibialis  anticus  and  the 
tendon  of  the  extensor  proprius  pollicis,  flexing  the  foot  and  retracting 
these  tendons  to  their  own  side.  The  anterior  tibial  artery  will  be 
found  between  them,  lying  upon  the  ai-terior  aspect  of  the  tibia  and 
held  down  by  fatty  areolar  tissue,  accompanied  by  two  venae  comites 
and  with  the  anterior  tibial  nerve  on  the  outer  side.  Pass  the 
needle  from  the  nerve.  In  closing  the  wound,  suture  the  anterior 
annular  ligament.  Note,  if  the  artery  were  ligated  after  passing  be- 
neath the  obliquely  crossing  extensor  proprius  pollicis,  it  would  then 
have  the  tendon  of  the  extensor  proprius  pollicis  to  its  inner  side  and 
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the  innermost  tendon  of  the  extensor  longus  digitorum  to  its  outer 
side. 

Ligation  of  the  Posterior  Tibial  Artery.— The  indications  for 
ligation  are  wounds  and  aneurisms. 

The  sites  for  ligation  are  the  upper  third,  not  frequent,  difficult 
because  of  its  depth;  the  middle  third,  the  same;  the  lower  third,  the 
most  usual  site;  and  behind  the  ankle,  also  a  common  site  (Fig.  280, 
H,  I,  J,  K). 

Ligation  of  the  Posterior  Tibial  in  Its  Middle  Third.— The 
patient  lies  in  the  supine  position,  with  the  knee  flexed  and  the  leg 


Fig.  287. — Ligation  op  Middle  Third  of  Right  Posterior  Tibial. 
A.  Internal  saphenous*  vein;  B,  internal  saphenous*  nerve;  C,  soleus,  incised  vertically,  and 
margins  of  incision  well  retracted;    D{  inner  head    of  gastrocnemius  strongly    retracted    outward; 
K,  transverse  intermuscular  fascia;    t,   flexor  longus   digitorum;  G,   tibialis  posticus;   H,  posterior 
tibial  artery;  I,  1,  posterior  tibial  vemr  comite*;  J,  posterior  tibial  nerve. 

on  the  outer  side.  The  surgeon  stands  to  the  outer  side,  cutting  down- 
ward on  the  right  and  upward  on  the  left. 

The  landmark  is  the  inner  margin  of  the  tibia. 

The  incision  is  made  about  7.5  cm.  to  10  cm.  (3  to  4  in.)  in 
length,  placed  parallel  with  and  2  cm.  (J  in.)  l>ehind  the  inner  margin 
of  the  tibia,  along  its  middle  third  (Fig.  280,  I). 

Incise  the  skin  and  superficial  fascia.  Avoid  the  internal  saphenous 
vein  and  the  internal  saphenous  nerve  (Fig.  287).  Divide  the  deep 
fascia.     The  inner  edge  of  the  gastrocnemius  should  be  identified  here 
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and  retracted  outward.  Having  gone  through  the  deep  fascia  the 
soleus  is  exposed,  and  is  to  be  divided  along  its  attachment  to  the 
tibia  and  its  outer  part  retracted.  The  transverse  intermuscular 
fascia  (between  the  superficial  and  deep  muscles  of  the  back  of  the  leg) 
is  now  in  view,  and  is  incised  in  the  axis  of  the  limb,  whereby  the 
flexor  longus  digitorum  is  reached,  and  by  following  along  the  surface 
of  this  muscle  until  nearly  opposite  the  outer  border  of  the  tibia  the 
vena  comes  interna,  posterior  tibial  artery,  vena  comes  externa,  and 
posterior  tibial  are  met  in  order,  lying  upon  the  tibialis  posticus,  or 
between  it  and  the  flexor  longus  digitorum  (Fig.  288).     Pass  the  needle 
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Fig.  288. — Cross-section  or  the  Middle  or  the  Right  Leg. 
A,  Tibialis  anticus;  B,  extensor  longus  digitorum;  C,  extensor  pollicis;  D,  anterior  tibial  artery, 
vein,  and  nerve;  E,  peronei;  F,  tibialis  posticus;  G,  long  saphenous  vein  and  nerve;  H,  flexor  longus 
digitorum;  I,  posterior  tibial  artery,  veins,  and  nerve;  J,  soleus;  K,  gastrocnemius;  L,  peroneal 
artery  and  veins.     (Cross-section  modified  from  Braune.) 


from  the  nerve,  including  the  venae  comites,  flexing  the  knee  and  foot 
to  relax  the  structures.  An  important  part  of  the  technic  is  that  the 
knife  should  be  held  at  a  right  angle  to  the  surface  of  the  muscle  in 
cutting  through  the  soleus,  pointing  toward  the  tibia  until  the  trans- 
verse fascia  is  reached,  and  thereby  wandering  too  deeply  or  in  the 
wrrong  direction  is  less  likely.  If  one  incise  too  near  the  tibia  the  flexor 
longus  digitorum  will  be  divided  and  the  interosseous  membrane  reached. 
While  incising  the  soleus,  do  not  mistake  its  central  membranous  tendon 
for  the  transverse  intermuscular  fascia.  The  artery  lies  about  3  cm. 
(1J  in.)  external  to  the  inner  border  of  the  tibia. 


LIGATION    OF    SPECIAL    ARTERIES.  729 

Ligation  of  the  Posterior  Tibial  Behind  the  Internal  Malleolus. 

— The  position  is  the  same  as  for  the  ligation  of  the  middle  third. 

The  landmark  is  the  internal  malleolus. 

An  incision  is  made  about  5  cm.  (2  in.)  in  length,  placed  about 
1.3  cm.  (4  in.)  posterior  to  and  parallel  with  the  inner  malleolus 
(Fig.  280,  K). 

Incise  the  skin  and  superficial  fascia,  during  which  branches  of 
the  internal  saphenous  vein  are  encountered  (Fig.  289).  Expose  the 
internal  annular  ligament  and  divide  it  over  the  vessels,  the  artery 
being  found  in  the  interval  between  the  flexor  longus  digitorum  and 
the  flexor  longus  hallucis,  surrounded  by  its  venae  comites  and  with 


Fig.  289.— Ligation  or  Right  Posterior  Tibial  Behind  Internal  Malleolus. 
A,  Branch  of  internal  saphenous  vein;  B,  branch  of  internal  saphenous  nerve;  C,  internal  annular 
ligament  (incised);  D,  tendon  of  flexor  longus  hallucis;  E,  tendon  of  flexor  longus  digitorum;  F, 
tendon  of  tibialis  posticus;  G,  posterior  tibial  artery;  H,  H,  posterior  tibial  vena;  comites;  I,  pos- 
terior tibial  nerve. 

the  nerve  upon  the  fibular  side.  The  point  of  the  knife  should  be  kept 
toward  the  tibia  in  making  the  incision.  Avoid  opening  the  sheaths 
of  the  tendons.  Behind  the  internal  malleolus  and  the  posterior  surface 
of  the  tibia  are  four  compartments,  which,  passing  from  the  tip  of  the 
malleolus  toward  the  heel,  are — first,  a  canal  in  the  annular  ligament 
for  the  posterior  tibial  muscle  tendon,  a  second  canal  for  the  flexor 
longus  digitorum  tendon,  a  third  space  occupied  by  the  posterior  tibial 
artery,  its  venae  comites,  and  the  posterior  tibial  nerve,  and  a  fourth 
canal  for  the  flexor  longus  hallucis  (Fig.  290). 

Ligation  of  the  Peroneal  Artery. — The  indications  for  ligation 
are  rare,  except  for  wounds,  when  the  vessel  is  cut  down  upon  at  the 
point  wounded. 
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Where  the  vessel  is  deliberately  exposed  for  ligation  the  site  usually 
selected  is  its  middle,  the  upper  part  being  but  rarely  exposed,  owing 
to  its  depth. 

The  line  of  the  artery  extends  from  the  middle  of  the  popliteal  space, 
on  the  level  of  the  lower  border  of  the  tubercle  of  the  tibia,  arching 
slightly  outward  and  then  downward  along  the  inner  border  of  the 
posterior  surface  of  the  fibula.  For  the  purposes  of  ligation  the  artery 
is  represented  by  a  line  from  the  posterior  border  of  the  head  of  the 
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Fig.  290. — Croks-section  of  the  Right  Leg  Just  Above  the  Ankle. 
A,  Extensor  proprius  pollicis:  B,  anterior  tibial  vessels  and  nerve;  C,  peroneus  brevis;  D,  per- 
oneus  lonjrus;  K,  flexor  longus  pollicis;  F,  tibialis  anticus;  G,  extensor  proprius  pollicis;  H,  tibialis 
posticus;  I,  flexor  longus  digitorum;  J,  posterior  tibial  artery,  veins,  and  nerve;  K,  tendo  Achilla. 
(Cross-section  modified  from  Braune.) 

fibula  to  a  point  midway  between  the  external  malleolus  and  the  outer 
margin  of  the  tendo  Achillis. 

Ligation  of  the  Peroneal  Artery  in  the  Middle  of  the  Leg. — The 

patient  lies  on  the  shoulder  and  chest  of  the  opposite  side,  with  the 
knee  flexed  and  the  leg  on  the  antero-internal  surface.  The  surgeon 
stands  on  the  outer  side,  cutting  from  below  on  the  right  and  from 
above  on  the  left. 

The  landmark  is  the  external  border  of  the  fibula. 

An  incision  about  7.5  cm.  (3  in.)  in  length  is  made,  parallel  with  and 
just  behind   the  external   border  of  the  fibula,  with  its  center  over 
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the  middle  of  the  leg,  which  falls  behind  the  peronei  muscles  (Fig. 
280,  L). 

Incise  the  skin  and  superficial  fascia.  Branches  of  the  external 
saphenous  nerve  and  external  saphenous  vein  are  apt  to  be  encountered 
here  (Fig.  291).  Expose  the  soleus  (which  at  this  site  no  longer  arises 
from  the  fibula)  and  retract  it  upward  and  inward  (incising  its  lower 


Fie;.  291. — Ligation  of  Right  Peroneal  in  Middle  of  Leg. 
A,  Branch  of  external  saphenous  nerve;  B,  branch  of  external  saphenous  vein;  C,  gastrocne- 
mius, retracted  inward;  U,  D,  soleus.  retracted  upward  and  inward;  E,  peroneus  longus;  F,  per- 
oneus  b  rev  is;  G,  tibialis  posticus;   H,  flexor  longui  hallucis,  incised,  showing  roof  of  aponeurotic 
canal  inclosing  vessels;  I,  peroneal  artery;  J,  peroneal  venae  comites. 

fibers  if  any  be  found  attached  to  the  fibula  at  this  height).  Divide 
the  deep  fascia  behind  the  peronei.  Expose  the  flexor  longus  hallucis 
and  incise  through  its  thickness,  close  to  the  fibula,  until  the  fibrous 
canal  of  which  it  forms  the  roof  is  reached.  Divide  the  aponeurotic 
canal  and  expose  the  artery  lying  near  the  fibula,  with  its  vena4  comites, 
passing  the  ligature  from  the  most  convenient  aspect  (Fig.  288). 


CHAPTER  LXXIV. 
OPERATIONS  ON  BONES  AND  JOINTS* 

By  James  Peter  Warbasse,  M.D., 

BROOKLYN,   NEW  YORK. 

GENERAL  OBSERVATIONS. 

In  operating  upon  bone  the  surgeon  should  keep  in  mind  that 
osseous  tissue  is  made  up  of  two-thirds  earthy  matter,  which  surgically 
is  comparable  to  a  foreign  body.  So  long  as  there  is  no  infection,  this 
large  amount  of  inorganic  matter  lies  in  normal  relation  with  the 
organic  cells,  but  when  infection  of  bone  with  irritating  bacteria  takes 
place,  the  earthy  material  becomes  most  objectionable  foreign  matter, 
acting  as  an  harbor  for  infecting  organisms,  into  which  the  phagocytes 
cannot  penetrate,  and  provoking  irritation  by  its  mechanical  presence. 
The  tendency  of  the  inflammation  is  to  continue  until  the  necrotic 
bone  has  Irccome  broken  down  and  absorbed  or  exfoliated  in  mass  or 
in  solution.  Because  of  the  meager  resisting  power  against  infection 
possessed  by  bone,  and  because  of  the  prolonged  destructive  process 
which  is  started  by  infection,  care  to  guard  against  such  infection  is 
imperative. 

In  the  long  bones  the  vitality  of  the  bone  depends  upon  its  relation 
to  the  periosteum  and  marrow.  These  two  structures  should  be 
respected.  In  young  persons  the  periosteum  will  regenerate  new  bone, 
and  this  property  often  may  be  used  to  the  great  advantage  of  the 
patient. 

The  involucrum,  or  deposit  of  new  bone  which  springs  up  from 
the  periosteum  about  the  necrotic  sequestrum,  is  at  first  poor  in  earthy 
material  and,  therefore,  veiy  pliable  and  easily  broken. 

The  operation  of  elevating  the  periosteum,  with  the  view  of  saving 
it,  is  worthy  of  special  consideration.  It  is  important  that  the  operation 
be  begun  right.  This  requires  that  the  periosteum  should  be  cleanly 
and  strongly  incised;  a  sharp-edged  elevator  (not  a  blunt  instrument) 
should  be  used ;  the  elevator  should  be  kept  close  to  the  bone,  working 
its  way  under  the  periosteum,  which  should  be  elevated  untorn,  carrying 
with  it  some  of  the  bone,  if  necessary.  It  should  not  be  scraped  off 
and  torn  into  shreds.  At  points  where  it  is  particularly  desirable  to 
preserve  the  periosteum  or  the  muscular  attachment  into  the  perios- 
teum, a  thin  shell  of  bone  may  be  chiseled  off.  In  the  excision  or 
curetting  out  of  carious  bones  the  interior  of  the  bone  may  often  be 
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wholly  removed  and  the  periosteal  shell  left.    This  should  be  done 
whenever  practicable. 


Fio.  292. — Instruments  Employed  in  Operations  on  Bones  and  Joints. 
1,  Flat  retractors;  2,  3,  and  22,  curettes;  4,  hook  retractors:  5,  round  retractor*;  6,  periosteal 
elevator;  7,  periosteotorne;  8,  9,  and  10,  knives;  11,  mallet;  12  and  13,  probes;  14, 15,  and  16,  chisels; 
17,  osteotome;  18,  19,  20,  and  21,  gouges. 


In  operating  for  acute  inflammation  in  bone  a  point  of  tenderness 
can  often  be  discovered  before  the  patient  is  anesthetized,  and  this 
wall  represent  the  location  of  the  disease.     A  sand-bag  should  be  inter- 
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posed  between  the  soft  parts  and  the  table  when  bone  is  chiseled,  to  take 
up  the  jar  of  the  mallet  and  prevent  traumatism  to  the  opposite  side 


Fig.  293. — Instruments  Employed  in  Operations  on  Bones  and  Joints. 
1,  Chain-saw;  2,  chain-saw  carrier;  3,  flat  saw;  4.  lion-jaw  forceps;  5,  sequestrum  forceps; 
6,  bone  drills;  7.  bone-gouging  forceps;  8,  metacarpal  saw;  9,  bone-gouging  (rongeur)  forceps; 
10,  straight  bone-cutting  forceps;  11,  Adams'  saw;  12,  trephine;  13,  angular  bone-cutting  forceps. 
Not  shown:  Scissors,  hemostats,  needles,  wire,  suture  materials,  anatomic  forceps,  toothed  for- 
ceps, mouth-gag,  tracheotomy  tube,  bone-nails,  Gigli  saw,  sponge-holders,  and  dental  forceps. 

of  the  limb.  The  surgeon  should  have  well  in  mind  the  anatomy  of 
the  structures  lying  in  relation  to  the  bone,  and  also  the  location  of 
epiphyseal  lines  in  the  young. 
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While  typical  operations  are  described,  the  performance  of  such 
operations  is  not  to  be  aimed  at.  The  surgeon  should  treat  each  case 
according  to  its  peculiarities.  Modern  therapeutic  measures  are 
greatly  reducing  the  necessity  of  mutilating  operations  upon  joints 
and  bones.  When  sinuses  exist,  which  it  is  desirable  to  follow  up  to 
their  origin,  methylene-blue  solution  injected  into  the  lumen  produces 
a  deep  blue  stain  of  the  sinus  wall,  which  enables  the  surgeon  to  follow 
it  during  the  progress  of  the  operation;  a  bismuth-vaselin  paste  also 
will  show  the  sinus  in  a  skiagraph.  After  operations  on  bones  of  the 
extremities  it  is  well  to  elevate  the  part  in  order  to  minimize  conges- 
tion and  pain.  Suture  of  bone  is  accomplished  by  means  of  chromi- 
cized  catgut,  silver  wire,  nails,  rings,  and  the  ordinary  suture  materials. 
The  instruments  employed  upon  operations  on  bones  are  shown  in 
Figs.  292  and  293. 

OPERATIONS  FOR  PERIOSTEITIS,  OSTEITIS,  AND  OSTEOMYELITIS. 

Periosteitis. — Periosteitis,  with  elevation  of  the  periosteum  by 
infective  products,  requires  incision,  which  should  be  made  parallel 
with  the  long  axis  of  the  bone.  This  incision  should  be  made  usually 
over  the  point  of  greatest  tenderness,  and  should  supply  free  and 
perfect  drainage. 

Osteomyelitis. — Operation  in  the  acute  stage  of  osteomy- 
elitis, during  the  first  forty-eight  hours,  is  the  operation  of  choice 
and  should  be  practised  whenever  possible.  If  operation  can  be  done 
at  this  early  stage,  the  extensive  destruction  of  bone  which  so  commonly 
results  from  this  disease  can  be  averted.  The  limb  should  be  emptied 
of  blood  by  elevation,  and  the  Esmarch  bandage  applied,  jumping  over 
the  diseased  part  without  compressing  it,  and  the  hemostatic  constriction 
made  well  above  the  seat  of  disease.  If  periosteitis  has  developed, 
the  bone  should  be  exposed  at  that  point.  The  periosteum  should  be 
incised  to  the  full  extent  of  its  inflammation.  It  should  carefully  be 
stripped  up  from  the  bone,  held  apart  by  retractors,  and  the  bone 
examined  for  openings  through  which  pus  is  escaping  from  the  marrow 
cavity.  If  an  opening  is  found,  the  trephine  or  chisel  should  be  applied 
at  this  place  and  the  medullary  cavity  opened.  If  no  fistulous  opening 
is  discovered,  the  medullary  cavity  should  be  opened  at  the  most 
convenient  point  in  the  wound.  When  this  operation  is  done  early 
enough  the  medulla  will  be  found  inflamed  and  infiltrated  with  pus, 
but  not  destroyed.  This  inflamed  medulla  should  not  be  curetted  or 
disturbed.  The  simple  opening  for  drainage  of  the  bone  canal  should 
suffice  to  check  the  progress  of  the  disease,  and  the  earlier  this  operation 
is  performed  the  less  will  be  the  subsequent  destruction  of  bone.  ITpon 
opening  the  canal,  however,  if  broken  down  and  disintegrated  medulla 
is  discovered,  or  if  the  medulla  is  found  to  be  displaced  by  pus,  the 
bone  covering  this  area  should  be  removed  up  to  the  point  where 
simply  inflamed,  but  not  disintegrated,  medulla  is  found.  The  old 
practice  of  curetting  out  inflamed  medulla  cannot  be  condemned  too 
strongly.    The  disease  is  a  cellulitis,  and  the  object  of  operation  should 
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be  to  save  as  much  tissue  as  possible.  Free  drainage,  just  as  in  cellulitis 
in  other  tissues,  and  not  the  removal  of  the  inflamed  structures,  is 
the  important  thing.  This  medullary  tissue  plays  too  important  a 
rdle  in  the  economy  of  the  bone  to  be  sacrificed.  Its  friability  and 
the  ease  with  which  it  can  be  removed  are  no  criteria  of  its  importance, 
any  more  than  are  the  same  qualities  in  cerebral  tissue.  It  should 
always  be  borne  in  mind  that  the  vitality  of  the  bone  depends  upon 
the  periosteum  and  the  medulla,  and  that  the  bone  does  not  perish 
until  these  become  separated  from  it.  All  operations  for  osteomyelitis 
should  aim  to  preserve  these  two  tissues,  and  to  do  so  we  may  sacrifice 
as  much  bone  as  is  necessary.  Inflammatory  products,  confined 
under  the  pressure  of  the  unyielding  bone,  rapidly  destroy  the  medulla; 
and  under  the  periosteum,  until  evacuated,  they  rapidly  strip  it  up 
from  the  bone.  The  cavity  of  the  bone  having  been  opened,  a  rubber 
drainage-tube  or  a  very  loose  capillary  drain  is  inserted  through  the 
soft  tissues  down  to  the  bone,  and  the  wound  left  open  or,  if  large, 
partially  closed  by  suture  and  covered  with  a  copious,  moist,  absorbent 
dressing. 

The  ideal  operation  for  this  disease  is  done  in  two  stages:  the  first 
for  drainage  of  the  medulla,  as  soon  as  the  diagnosis  is  made;  the  second 
during  the  subacute  stage,  for  the  removal  of  necrotic  bone. 

Operation  in  the  subacute  stage  of  osteomyelitis,  after  spon- 
taneous evacuation  of  the  medullary  pus,  is  performed  to  the  best 
advantage  usually  about  two  months  after  the  acute  onset.  This 
can  be  done  in  the  case  of  bones  having  a  parallel  fellow  to  act  as  a 
splint.  At  this  time  new  bone  is  well  advanced  in  development  from 
the  periosteum,  where  it  has  become  separated  from  the  old  bone; 
a  sequestrum  may  be  present;  and,  if  the  death  of  bone  has  been  exten- 
sive, demarcation  is  well  defined.  Esmarch  anemia  should  be  produced. 
The  soft  parts  and  the  periosteum  should  be  divided  down  to  the  necrotic 
bone.  It  is  well  to  make  the  incision  near  the  sinus  opening,  or  to 
follow  the  old  line  of  incision  if  the  operation  is  a  secondary  one.  The 
periosteum,  the  inner  surface  of  which  will  be  found  covered  with  new 
bone,  should  be  elevated  whole  from  as  much  of  the  shaft  as  is  necrotic. 
It  should  be  retracted  with  the  soft  tissues,  and  the  naked  bone  exposed. 
Any  sequestra  which  are  present  should  be  lifted  out,  and  the  dead 
bone  which  is  still  attached  should  be  removed.  It  will  be  observed 
that  the  dead  bone  is  pale  in  color,  does  not  bleed  when  cut,  and  is 
separated  from  its  periosteum.  In  the  case  of  the  long  bones  this  is 
best  removed  with  the  chisel  and  mallet.  The  operation  should  be 
carried  in  each  direction  until  healthy  bone  is  reached.  Living  bone  is 
recognized  by  the  presence  of  minute  bleeding  points,  representing  the 
divided  blood  channels.  The  surgeon  should  not  expect  free  hemor- 
rhage from  the  bone,  he  should  stop  at  the  first  evidences  of  vitality, 
bearing  in  mind  that  the  Esmarch  method  minimizes  the  show  of 
blood.  If  the  whole  diaphysis  is  necrotic  and  is  removed,  profuse 
hemorrhage  often  takes  place  from  the  interior  of  the  involucral  shell. 
This  is  best  controlled  by  packing  with  iodoform  gauze. 
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As  an  operation  of  preference  in  osteomyelitis  of  the  tibia,  Nicholas 
advises  proceeding  as  follows:  The  healthy  remaining  bone  above  and 
below  is  beveled  so  as  to  end  in  a  wedge,  unless  the  epiphyseal  line 
renders  it  impossible.  The  periosteal  new  bone  casing,  after  the 
removal  of  the  dead  shaft,  is  disinfected  with  phenol,  followed  by 
alcohol.  This  tube  of  periosteum  is  then  caused  to  collapse,  and 
its  cavity  obliterated  by  holding  the  opposed  surfaces  together  with 
a  few  interrupted  sutures  of  chromic  gut.  The  soft  parts  are  then 
loosely  closed  with  some  provision  for 
drainage  (Fig.  294). 

In  the  case  of  the  femur  and  humerus 
this  operation  cannot  be  done  to  good 
advantage.  In  these  bones  it  is  well  to 
leave  the  diaphysis  until  the  new  peri- 
osteal bone  has  become  strong  enough 
to  support  the  limb.  Often,  however,  a 
radical  operation  may  be  done  and  the 
fragile  bone-shell  preserved  by  applying 
the  same  splint  apparatus  as  would  be 
employed  in  the  treatment  of  a  fracture 
of  the  particular  bone.  The  best  results 
are  secured  in  the  case  of  either  of  these 
bones,  if  the  wrhole  diaphysis  is  necrotic, 
by  freely  exposing  it  and  laying  open 
the  medullary  canal  or  chiseling  fenestra 
into  it  at  frequent  intervals.  This  gives 
drainage,  and  the  sequestrum  remains 
as  a  splint  until  the  involucrum  has  be- 
come sufficiently  strong. 

Operation  in  the  chronic  stage  of 
osteomyelitis  is  done  when  the  necrotic 
shaft  is  broken  down,  the  new  periosteal 
bone  is  thick  enough  to  support  the  limb, 
and  often  hard  and  eburnated,  and 
when  there  may  be  present  dense  deposits 
of  endosteal  bone.  It  is  in  this  stage 
that  operation  is  usually  performed,  and  to  this  the  term  "seques- 
trotomy"  belongs.  It  was  formerly  the  custom  to  expose  the  bone 
at  the  sinuses,  enlarge  the  opening  sufficiently  to  remove  the  sequestrum, 
scrape  out  the  cavity,  and  pack  it  with  iodoform  gauze.  In  the  case 
of  very  small  bone  cavities  this  method  is  still  the  best.  In  the  ordinary 
large  cavities,  however,  on  account  of  the  great  slowness  with  which 
the  new  periosteal  bone  or  involucrum  grows  into  the  defect  from 
which  the  sequestrum  was  removed,  and  on  account  of  the  fact  that 
by  this  method  small  sinuses  leading  to  other  sequestra  are  apt  to  be 
overlooked,  giving  rise  to  long-continued  suppuration  and  often  re- 
quiring subsequent  operations,  the  old  method  has  been  supplanted 
by  more  radical  measures.  These  measures  for  healing  the  defect 
vol.  v — 47 
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Fia.  294. — Treatment  op  Osteo- 
myelitis in  the  Subacute  Stage. 
(After  Nicholas.) 

Showing  middle  segment  of  bone 
removed,  healthy  bone  ends  made 
wedge  shaped,  and  periosteum  lat- 
erally approximated. 
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in  the  bone,  resulting  from  the  disease  and  from  the  operative  removal 
of  the  dead  bone,  may  be  described  under  the  following  headings: 
(1)  Autoplastic  Operations  with  Soft  Tissue;  (2)  Autoplastic  Operations 
with  Bone;  (3)  Bone-grafting  and  Transplantation;  (4)  Aseptic  Bone- 
cavity  Filling. 

The  ingenuity  of  surgeons  has  devised  many  methods  of  treatment, 
but  only  the  most  important  will  be  described.  Each  case  is  peculiar, 
and  practical  familiarity  with  the  principles  of  surgery  is  absolutely 
essential  for  success.  These  operations  are  all  done  to  the  best  advan- 
tage with  the  limb  rendered  anemic  by  the  method  of  Esmarch.  It 
should  be  understood  that  there  is  no  sharp  dividing  line  between  the 
subacute  and  chronic  stage  of  the  disease,  and  any  of  these  proced- 
ures may  be  applied  in  the  former,  provided  the  limb  is  supported  so 
that  the  involucrum  is  kept  immovable  during  the  healing  process. 

Autoplastic  Operations  with  Soft  Tissue. — The  bone  cavity  should 
be  completely  unroofed ;  that  is,  the  involucrum  should  be  cut  away  with 
chisel  and  rongeur  throughout  the  whole  length  of  the  cavity  on  the 
wound  side  of  the  bone,  to  such  an  extent  that  the  remaining  trough 
represents  nowhere  more  than  half  a  circle.  This  bone  trough  should 
be  thoroughly  scraped  out  with  the  curette.  Sharp  and  rough  edges 
of  bone  should  \ye  removed  because  of  the  tendency  of  projecting  points 
to  fall  into  decay.  A  search  should  be  made  for  other  sinuses,  espe- 
cially small  ones.  These  should  be  laid  open  freely.  It  will  often  be 
found  that  such  sinuses  lead  out  to  the  opposite  side  of  the  bone  and 
end  under  the  soft  tissues.  Invariably  a  periosteitis  has  existed  at 
such  places  and  often  a  superficial  sequestrum  will  be  discovered.  It 
is  well  at  such  points  to  lay  open  the  soft  tissues  to  the  surface,  and 
introduce  a  drainage-tube  down  to  the  bone,  after  having  removed  any 
dead  bone  which  may  l>e  present.  Very  commonly,  however,  these 
places  heal  without  making  the  additional  opening  through  the  soft 
tissues. 

The  cavity  should  now  \ye  sterilized  by  means  of  pure  phenol  applied 
for  two  minutes,  followed  by  alcohol,  and  then  a  washing  out  with  salt 
solution.  There  are  other  measures  for  rendering  bone  cavities  aseptic 
which  the  choice  of  the  surgeon  or  the  circumstances  of  the  case  may 
prompt  him  to  adopt.  Filling  the  cavity  with  olive  oil  and  raising 
the  oil  to  a  temperature  of  212°  F.  by  the  thermocautery;  conducting 
live  steam  by  a  rubber  tube  into  the  bone,  the  surrounding  tissues  l>eing 
well  protected  by  cold  wet  compresses;  filling  the  cavity  or  swabbing 
it  out  with  tincture  of  iodin,  if  it  is  not  too  large,  and  washing  this 
out  immediately  with  alcohol;  irrigation  with  formaldehyd  and  other 
antiseptic  solutions — all  of  these  methods  have  proved  efficient.  It 
should  always  be  borne  in  mind  that  treatment  such  as  this,  while  it 
destroys  bacteria,  also  leaves  a  layer  of  devitalized  tissue  lining  the 
wound,  and  if  it  is  desired  that  transposed  living  tissue  shall  grow 
adherent  to  the  wound  surface,  it  is  best  to  defer  the  transposition  until 
it  can  be  made  against  aseptic  granulations.  Therefore,  after  such 
sterilizations,  the  best  success  is  secured  by  packing  the  cavity  with 
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gauze  and  awaiting  the  development  of  a  layer  of  granulation  tissue. 
By  this  means  a  layer  of  vascular  soft  tissue  is  secured,  and  an  oppor- 
tunity is  afforded  for  the  elimination  of  necrotic  particles.  If  the 
cavity  with  the  whole  leg  is  kept  dressed  under  scrupulous  conditions 
with  copious  wet  salt  solution  or  borosalicylic  dressings,  clean  granula- 
tions will  be  secured,  which  will  require  no  further  chemical  treatment. 
After  granulations  have  appeared,  before  proceeding  with  the  plastic 
operation,  the  cavity  should  be  washed  out  with  salt  solution;  but  the 
granulations  should  not  be  traumatized  or  made  to  bleed  with  either 
sponges  or  instruments.  The  surgeon  may  then  proceed  to  cover  these 
granulations  by  flaps  of  skin  turned  in  from  the  neighboring  surfaces, 
or  by  skin-grafts.  If  neighboring  attached  skin  is  simply  turned  down 
into  the  bone  excavation,  the  operation  may  usually  be  completed  suc- 
cessfully at  the  first  stage;  but  if  grafts  or  skin,  swung  about  upon  a 
pedicle,  are  employed,  the  presence  of  healthy  granulations  adds  much 
to  the  insurance  of  success. 

If  the  bone  cavity  is  not  deep  and  the  surrounding  skin  is  in  good 
condition,  the  skin  may  be  dissected  up  on  either  side  for  the  length 
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Fig.  293. — Skin   Tirned    into    Bone         Fig.  296. — Skin  Turned  into  Bone  Cavity, 
Cavity,  held  by  Nails  and  Gauze.  held  with  Sutures  around  Bolsters 

of  Gauze.     Gauze  Packing. 

of  the  wound  and  simply  turned  down  into  the  bone  trough.  It  may 
be  held  here  by  bone-nails  and  a  light  gauze  packing  (Fig.  295).  Mat- 
tress sutures  are  also  of  service  (Fig.  296).  Pediculate  flaps  may  be 
turned  in  and  held  in  place  in  the  same  manner.  In  cases  in  which 
there  is  a  large  cavity  it  is  wise  not  to  attempt  too  much  at  one  sitting. 
The  plastic  operations  may  be  done  to  advantage  at  intervals.  Flaps 
for  this  purpose  may  be  taken  from  the  other  leg  when  no  other  skin 
is  available. 

Autoplastic  Operations  with  Bone. — These  operations  are  pro- 
ceeded with  as  above,  except  that  as  little  of  the  new  bone  as  possible 
is  removed,  only  enough  for  the  removal  of  sequestra  and  the  cleansing 
of  the  cavities.  The  best  results  are  procured  here  also  by  operating  in 
two  stages,  although  immediate  completion  of  the  operation  may  success- 
fully be  done  in  one  stage.  One  or  both  sides  of  the  involucrum  may 
be  separated  above,  below,  and  longitudinally  by  the  saw  and  chisel, 
and  turned  into  the  cavity.  This  is  essentially  the  construction  of  a 
flap  of  soft  parts  and  bone.  By  such  an  operation  the  sides  of  the 
involucrum  may  be  made  to  collapse  and  obliterate  the  bone  cavity 
(Fig.  297).     It  is  the  most  satisfactory  of  all  the  osteoplastic  methods. 
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Bier  has  described  an  operation  whereby  all  of  the  involucrum  is  saved. 
By  this  method  the  cavity  is  uncovered  by  marking  out  a  quadrilateral 
flap,  corresponding  in  length  with  the  length  of  the  cavity.  The  soft 
tissues  are  incised,  and  in  the  same  lines  the  bone  is  divided  with 
chisel  and  saw.  A  skin-periosteum -bone  flap  is  elevated  as  a  valve, 
the  cavity  of  the  bone  cleaned  out  and  sterilized, 
iT'-.-^  and  the  flap  sutured  back  in  place  (Figs.  298 
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Fig.  297. — Longitudinal  Fracture  Method  ok  Obliterating  Bone  Cavity. 

I.  S,  Sequestrum;  C,  cloaca;  AB,  BD,  planes  to  be  chiseled.     II.  Showing  cleaned  out  involucrum. 

III.  Involucrum  fractured  longitudinally,  closed  up.  and  wired. 


and  299).  The  cavity  fills  with  clot,  which  becomes  organized  and 
penetrated  by  osteoblasts.  The  success  of  this  operation  depends  upon 
its  asepticity;  and  the  difficulty  of  rendering  these  wounds  with  sinuses 
clean  at  one  sitting  demands  that  the  operation  be  done  in  two  stages. 
If  this  modification  is  applied,  it 
becomes  the  ideal  procedure,  al- 
though it  is  applicable  to  com- 
paratively few  cases. 
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Fig.  298.— Bier's  Bone-flap  Method  of  Treating  Bone  Cavities. 
A,  Lines  of  division.     B,  Flap  held  back  with  retractor  and  cavity  exposed. 


Bone-grafting  and  Transplantation. — By  this  operation  living  bone 
is  transplanted,  with  its  vital  connections  not  divided,  to  fill  the  defect 
in  another  bone.  The  operation  in  which  detached  fragments  of  bone 
are  employed  cannot  properly  be  described  under  this  head.  Bone 
may  be  transplanted  from  the  patient  or  from  another  animal.     The 
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general  principles  of  surgery  and  the  ingenuity  of  the  surgeon  are  called 
upon  to  solve  each  problem  separately.  A  few  illustrative  methods 
may  be  given. 

T.  W.  Huntington2  treated  a  defect  5  inches  in  length  in  the 
middle  of  the  tibia  by  sawing  the  fibula  in  two  in  such  a  way  that  the 
upper  end  of  the  lower  fragment  of 
the  fibula  was  fitted  into  a  depression 
made  in  the  lower  end  of  the  upper 
segment  of  the  tibia;  nine  months  later 
the  fibula  was  again  sawed  through  at 
its  lower  end,  and  in  a  similar  manner 
fitted  into  the  upper  end  of  the  lower 
segment  of  the  tibia.  Solid  bony  union 
was  present  in  four  months  after  the 
last  operation,  and  a  year  later  this 
transplanted  middle  segment  of  the 
fibula  was  discovered  by  the  x-ray  to 
have  enlarged  to  the  size  of  the  other 
tibia,  and  a  strong  and  serviceable  leg 
was  the  result.  In  a  similar  case  I  have 
split  off  a  longitudinal  segment  of  the 
fibula  and  l>ent  it  into  a  defect  in  the 
tibia;  and  B.  F.  Curtis'*  reports  having 
cut  out  a  section  of  fibula,  leaving  it 
attached  to  the  muscle  and  fascia,  sep- 
arating the  intervening  tissues,  and 
placing  it  in  a  gap  in  the  tibia. 

In  a  case  in  which  there  was  an  ex- 
tensive defect  in  the  continuity  of  the 
tibia  with  ankylosis  of  the  knee,  N.  Senn4 
turned  down  a  pedicled  flap  containing 
the  patella  and  fixed  the  latter  to  the 
upper  end  of  the  lower  segment  of  the 
tibia.  The  defect  was  larger  than  the 
patella,  and  the  operation  was  com- 
pleted, after  bony  union  had  taken 
place,  by  bisecting  the  patella  longi- 
tudinally and  sliding  up  one  of  the 
halves  into  osseous  contact  with  the  up- 
per segment  of  the  tibia.  Solid  union 
was  secured  in  all  the  bony  appositions. 
Bardenheuer5  transplanted  the  spine  of  the  scapula  into  a  defect  of  the 
upper  end  of  the  humerus. 

Phelps,  Morton,8  and  others  have  filled  the  defect  in  the  tibia  by 
exposing  a  bone  in  a  dog's  leg,  turning  out  a  flap  containing  a  sufficient 
length  of  bone  to  fill  the  gap,  and  suturing  it  in  place,  holding  the 
dog's  leg  to  that  of  the  patient  by  plaster  dressing,  and  severing  the 
flap  from  the  dog  after  union  had  taken  place.     The  newer  methods 


— Bier's    Osteoplastic 
section      ok     the      iwolucrum. 
Hap  turned  back  and  cavity  cleaned 
out. 


742  OPERATIONS    ON    BONES    AND    JOINTS. 

of  operation,  which  have  proved  so  successful,  render  such  a  difficult 
procedure  as  this  unnecessary. 

Aseptic  bone-cavity  filling  is  applied  to  cavities  which  are  the 
result  of  injury,  aseptic  operation,  tuberculosis,  and  to  osteomyelitic 
cavities  which  have  previously  been  cleansed  and  become  lined  with 
clean  granulations,  and  to  cavities  which  can  be  sterilized  by  the 
methods  described  above  under  autoplastic  operations  with  soft 
tissue.  The  operation  is  not  applicable  to  acute  infective  or  sup- 
purative cases.  Many  methods  for  the  filling  of  bone  cavities  with 
foreign  material  have  been  devised.  Detached  fresh  bone  should 
be  classed  among  these  materials,  for  in  the  light  of  modern  knowl- 
edge its  use  cannot  be  spoken  of  as  bone-grafting.  When  a  piece  of 
bone,  whether  fresh  or  old,  is  detached  from  its  vital  connections  and 
implanted  elsewhere  into  a  bony  defect,  it  becomes  dead  material  and 
is  amenable  to  the  laws  which  govern  the  presence  of  foreign  bodies 
under  such  circumstances.  If  the  microorganisms  of  suppuration 
are  present,  it  acts  as  a  foreign  body,  and  suppuration  will  continue 
until  it  is  removed.  If  it  is  covered  in  under  aseptic  conditions  and 
has  about  it  osteogenetic  tissue,  the  process  of  new  connective-tissue 
growth  goes  on  until  it  becomes  firmly  incorporated  in  the  new  tissue. 
Its  proteid  cells  break  down  and  are  absorbed,  and  the  earthy  frame- 
work which  remains  serves  as  a  scaffolding  into  which  the  new  tissue 
continues  to  grow.  As  the  interstices  become  invaded  by  the  new 
tissue,  which  histologically  is  the  same  as  callus,  the  osteoclasts  take 
up  the  solid  material  of  the  foreign  bone,  and  thus,  as  an  organized 
structure,  it  disappears.  In  the  new  tissue  which  replaces  it  osteogenesis 
progresses  until  it  is  transformed  into  new  bone.  This  process  is 
essentially  the  same  if  some  substance  other  than  bone  is  used.  The 
materials  which  best  lend  themselves  to  this  operation  are  bone  chips, 
blood-clot,  sponge,  and  substances  which  are  wholly  or  partially  capable 
of  being  absorbed,  thus  furnishing  a  support  to  the  newly  growing 
bone-making  tissue.  The  best  substances  for  surgical  use  are  those 
having  interstices  or  those  which  are  mechanical  mixtures  of  ingredients 
of  different  degrees  of  absorbability.  When  a  cavity  is  filled  with 
these  substances,  if  there  is  not  enough  skin  or  soft  tissue  to  cover  it, 
it  may  be  covered  with  a  layer  of  silver-foil  or  rubber  tissue. 

SchedeClot  (Plate  II.). — The  first  operation  devised  for  this  aseptic 
cavity  filling  was  that  of  Schede.  He  covered  the  sterilized  bone  cavity 
and  permitted  it  to  fill  with  blood.  This  coagulates,  and  the  clot 
becomes  penetrated  by  the  new  tissue  and  absorbed,  just  as  implanted 
bone  does.  Although  it  is  still  much  used  and  is  a  valuable  expe- 
dient, it  has  the  disadvantage  that  absorption  goes  on  more  rapidly 
than  bone  building.  The*  success  of  the  Schede  clot  operation,  like 
all  of  the  expedients  for  cavity  filling,  depends  upon  the  asepticity  of 
the  operation.  The  bone  cavity  must  be  sterilized  and  allowed  to  fill 
with  blood.  If  it  is  lined  with  clean  granulations,  these  may  be  incised 
or  scraped  to  provoke  bleeding.  Often  the  operation  is  done  immedi- 
ately after  removing  dead  bone,  but  with  less  promise  of  success  than 


PLATE  II. 


Schede  Clot. 

Transverse  section  of  leg,  showing  cavity  in  tibia  cleaned  out,  filled  with  coagulated 

blood,  and  covered  in  by  deep  suture  of  the  skin  and  subcuticular  suture. 
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when  performed  as  a  secondary  operation.  Even  the  bacteria  of  the 
air  threaten  the  success  of  this  operation,  and  every  precaution  to 
exclude  microoganisms  must  be  employed,  not  only  at  the  operation, 
but  also  at  the  first  dressings. 

The  technic  of  bone  transference  from  another  animal  is  briefly 
as  follows:  Under  scrupulous  asepsis  the  previously  sterilized  bone 
cavity  is  exposed.  It  is  best  that  a  tourniquet  be  not  employed,  in 
order  to  obviate  the  danger  of  having  the  transferred  bone  separated 
by  blood  after  the  wound  is  closed.  The  bleeding  should  be  checked 
before  the  introduction  of  the  transferred  bone.  The  most  convenient 
animal  is  a  young  dog.  The  required  length,  e.  g.t  of  the  humerus,  is  re- 
moved by  cutting  forceps,  the  muscle  is  stripped  from  the  bone,  and  it 
is  immediately  transferred  to  the  waiting  cavity,  and  the  soft  tissue  is 
closed  over  it  without  drainage.  It  is  not  necessary  that  this  piece 
of  bone  be  thick,  indeed,  it  is  doubtful  if  as  good  results  are  secured 
with  large  as  with  smaller  bones.  An  advantageous  modification  of 
this  operation  consists  in  splitting  the  fragment  into  several  longitudinal 
pieces.  This  gives  the  connective  tissue  a  better  opportunity  to  pene- 
trate. After  the  closure  of  the  wound  the  limb  should  be  put  up  in 
plaster-of-Paris  or  a  splint  to  insure  immobility  of  the  parts. 

Bone  chips  are  prepared  as  follows:  The  tibia  or  femur  of  the  cow 
is  sawed  into  strips  about  i  inch  in  thickness.  These  strips  are 
freed  of  periosteum  and  marrow  and  immersed  in  a  10  per  cent, 
solution  of  hydrochloric  acid  in  water.  This  solution  is  changed  daily 
for  ten  days.  The  strips  are  then  washed  in  sterile  water,  followed 
by  alkaline  solution,  and  stored  in  a  solution  of  ether  saturated  with 
iodoform.  Before  using,  the  ether  should  be  washed  out  with  alcohol. 
These  strips  may  be  cut  into  the  desired  length  and  the  cavity  filled. 

Senn's  bone  chips  are  made  from  the  compact  substance  of  the  long 
bones  of  the  cow,  cut  into  cubical  pieces  about  i  inch  thick.  These 
are  decalcified  in  a  50  per  cent,  solution  of  hydrochloric  acid  for  ten  or 
fourteen  days;  they  are  then  washed  in  weak  alkaline  solution,  and 
preserved  in  absolute  alcohol.  When  used,  they  are  cut  into  small 
chips,  sprinkled  with  sterilized  iodoform  powder,  and  packed  into  the 
cavity. 

Other  absorbable  materials,  such  as  catgut,  cellulose  fiber,  sponge, 
and  ivory;  and  non-absorbable  materials,  such  as  celluloid  perforated 
hard  rubber,  metals,  and  plaster-of-Paris,  have  been  used.  Brabant7 
reports  the  successful  employment  of  copper  amalgam,  which  was 
pressed  against  the  sides  of  a  large  cavity  until  the  whole  surface  was 
covered. 

No  method  of  filling  sterile  bone  cavities  has  met  with  greater 
success  than  the  method  of  Mosetig-Moorhof*  of  Vienna,  which  was 
reported  in  January,  1903.  The  material  used  consists  of  60  parts  of 
iodoform,  40  parts  of  spermaceti,  and  40  parts  of  oil  of  sesame.  These 
ingredients  are  mixed  and  slowly  heated  to  100°  C,  and,  when  allowed 
to  cool,  form  a  soft  solid  which  remains  solid  at  the  temperature  of  the 
body.    When  using  it,  it  is  heated  to  50°  C,  being  constantly  stirred  to 
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keep  the  iodoform  evenly  distributed,  and  poured  into  the  bone  cavity, 
where  it  immediately  solidifies.  Its  constituents  are  such  that  it  is 
slowly  absorbed  after  the  manner  of  implanted  bone,  being  permeated 
by  new  connective  tissue  which  undergoes  ossification.  Mosetig- 
Moorhof  in  his  technic  employs  the  Esmarch  bandage  to  render  the 
limb  anemic.  He  cuts  away  sinuses  and  diseased  skin.  He  insists 
that  the  cavity  be  lined  with  healthy  bone,  that  the  soft  parts  be  thor- 
oughly freshened,  and  that  the  cavity  be  both  sterile  and  dry.  He 
cleans  it  out  with  the  chisel  and  scoop,  washes  with  salt  solution,  and 
sponges  the  walls  with  a  2-per  cent,  formalin  solution.  This  is  followed 
by  a  hot-air  blast  for  the  purpose  of  drying.  The  filling  is  poured  in 
from  a  bottle,  the  periosteum  is  closed  with  catgut,  and  the  integument 
with  fine  silk.  Elsberg9  overcomes  the  tendency  of  the  filling  to  remain 
fluid  and  to  become  extruded  from  the  cavity,  by  cooling  it  down  to 
the  consistency  of  putty,  and  then  putting  it  into  the  cavity.  This 
also  helps  to  control  oozing.  It  is  best  to  remove  the  Esmarch  con- 
striction before  introducing  the  filling,  in  order  that  all  bleeding  may  be 
stopped.  If  oozing  persist,  it  may  l>e  controlled  by  pressure,  moist  heat 
or  the  cautery. 

The  filling  of  defects  due  to — (1)  localized  caries,  (2)  tuberculosis, 
(3)  injury,  and  (4)  operative  excisions  may  be  accomplished  by  any 
of  the  above  described  methods.  Autoplastic  operations  writh  soft 
tissue  have  the  disadvantage  of  leaving  unsightly  scars  and  distortions 
and  tend  the  least  toward  strengthening  the  bone.  The  operations 
which  aim  to  reproduce  bone  are  the  most  useful. 

In  isolated  chronic  abscess  of  bone  and  in  epiphyseal  caries  and 
necrosis,  after  laying  open  the  cavity  and  scraping  out  the  softened  and 
diseased  tissue,  the  cavity  may  be  sterilized  by  95  per  cent,  phenol, 
followed  in  a  few  minutes  by  alcohol,  and  this  by  saline  solution,  and 
bone  filling  introduced  according  to  the  rules  laid  down  above.  In 
epiphyseal  disease  there  is  often  effusion  into  the  joint,  which  may 
require  aspiration  or  incision  at  the  time  of  operation. 

Tuberculosis  of  bone,  if  not  complicated  by  mixed  infection,  is  most 
successfully  treated  by  the  immediate  introduction  of  bone  filling 
after  the  operative  removal  of  the  tuberculous  bone.  The  filling  of 
Mosetig-Moorhof,  after  removal  of  carpal  and  tarsal  bones  for  tubercu- 
losis, in  many  cases  obviates  the  necessity  of  amputation. 

After  accidental  compound  fractures  with  loss  of  bone,  autoplastic 
operation  with  bone  is  indicated,  but  unless  the  possibility  of  infection 
has  been  overcome,  bone  filling  should  not  be  attempted.  .Later,  if 
there  is  a  defect,  when  aseptic  conditions  can  be  secured,  any  of  the 
bone  reproducing  operations  may  be  done. 

After  operative  excision  of  bone  for  tumors  or  other  non-infective 
diseases  the  ideal  conditions  for  bone  plastic  are  present,  and  the 
surgeon  may  employ  any  of  the  above-described  operations  with  the 
best  hope  of  success. 
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RESECTION  OF  BONE  FOR  MALIGNANT  TUMORS, 

Excision  of  only  the  diseased  portion  of  the  bone  has  long  been 
practised  in  cases  of  benign  tumors,  but  in  the  case  of  malignant  growths 
the  operation  has  been  confined  to  the  fiat  bones.  Until  the  last 
decade,  most  surgeons  treated  malignant  diseases  of  the  long  bones 
of  the  extremities  by  amputation.  Koenig,10  in  1894,  called  attention 
to  certain  giant-cell  sarcomata  of  the  medulla  of  long  bones,  which 
were  so  benign  that  he  had  cured  them  with  the  curette.  Then  came 
Mikulicz11  in  1895  and  Weisinger12  in  1898  with  reports  of  cases  of 
resection  which  showed  results  better  than  amputation,  because  less 
mutilation  was  done.  Morton13  in  1898  reported  two  cases  of  excision 
of  the  upper  end  of  the  tibia  for  sarcoma.  The  shortening  was  about 
8  cm.  In  the  same  year  Karewski14  and  Frank  Hinds15  reported 
similar  cases.  The  latter  case  wras  a  giant-cell  sarcoma  of  the  lcwer 
end  of  the  femur  involving  both  condyles.  The  cavity  was  chiseled 
and  scooped  out,  and  the  interior  treated  with  chlorid  of  zinc.  The 
cavity  filled  with  new  bone,  and  at  the  end  of  two  and  a  half  years 
there  was  no  recurrence. 

In  many  cases  of  malignant  disease  we  now  consider  excision  of  the 
diseased  portion  of  the  bone  to  be  the  best  surgery.  This  is  especially 
indicated  when  early  diagnosis  is  made;  and  the  use  of  the  x-ray  has 
contributed  much  to  this  end.  Moreover,  patients  come  more  willingly 
to  operation  if  they  know  that  the  limb  is  not  to  be  sacrificed,  and 
earlier  operation  is  thus  rendered  possible.  It  is  difficult  to  persuade 
patients  with  a  scarcely  discernible  and  painless  swelling  to  consent 
to  amputation.  The  operation  almost  invariably  is  deferred.  But 
they  will  consent  to  excision,  and  for  this  reason  its  results  are  better. 
An  early  excision  is  of  more  value  than  a  late  amputation,  for  it  should 
remove  all  of  the  local  disease  as  completely  as  amputation  does.  If 
metastases  have  taken  place,  amputation  offers  nothing  better  than 
excision.  If  metastases  have  not  taken  place,  the  sooner  the  tumor 
is  removed  the  better;  and  it  is  necessary  to  remove  only  the  tumor. 
In  doing  this,  if  much  bone  has  to  be  sacrificed,  the  surgeon  then 
is  confronted  not  with  a  condition  that  threatens  the  patient's  life, 
but  only  the  usefulness  of  the  limb.  To  restore  this  he  has  all  of  the 
resources  of  plastic  surgery;  and,  if  he  fail,  the  worst  that  can  come  is 
the  removal  of  a  useless  member. 

The  operation  of  excision  of  the  long  bones  for  malignant  disease 
has  been  advanced  to  such  a  point  by  Koenig,  Mikulicz,  Weisinger, 
Cramer,  Jenkel,  Goldmann,  and  others,  that  it  is  now  a  well-accepted 
procedure.  Mikulicz  has  gone  so  far  as  to  advocate  resection  in  all 
cases  of  sarcoma  of  bone  where  the  disease  can  be  excised  without 
injury  to  the  vessels  or  without  removal  of  so  much  tissue  that  the 
limb  is  rendered  useless  (Fig.  300). 

The  earlier  operators  laid  stress  on  the  kind  of  tumor  that  the 
surgeon  had  to  deal  with.  I  believe  that  this  need  be  given  but  little 
consideration.     In  all  cases  the  aim  is  to  remove  all  the  growth,  irrespec- 
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tive  of  the  degree  of  malignancy,  and  with  as  little  damage  to  the 
parts  as  possible.  Certain  tumors,  such  as  giant-cell  sarcoma,  occurring 
in  the  upper  end  of  the  tibia,  the  femur  and  the  humerus  can  be  removed 
by  thoroughly  curetting  and  chiseling  out  the  bone  cavity  in  which 
it  is  growing.  This  tumor  is  similar  to  epulis  of  the  alveolar  process 
which  is  best  removed  by  a  limited  excision  of  the  bone,  performed  with 
the  rongeur  or  saw.  E.  E.  Goldmann18  reports  2  cases  of  periosteal  sar- 
coma of  the  tibia  cured  by  resection.  One  was 
situated  in  the  upper  and  middle  thirds  of  the 
bone.  Thirty  centimeters  of  the  shaft  were  ex- 
cised. He  then  divided  the  fibula  below  its  head 
and  placed  the  upper  end  of  the  peripheral  frag- 
ment in  a  hole  bored  in  the  upper  fragment  of 
the  tibia.  Ten  weeks  after  the  operation  the 
union  was  so  solid  that  the  leg  would  support 
the  patient's  weight.  Two  years  after  operation 
the  fibula  had  become  as  large  as  the  tibia  of  the 
other  leg.  In  another  case  the  tumor  involved 
the  lower  two-thirds  of  the  tibia,  which  were  ex- 
cised. The  fibula  was  divided  in  two  places,  the 
freed  segment  fitted  into  the  tibial  gap,  and  sutured. 
Complete  union  was  present  in  five  weeks. 

Accumulated  evidence  shows  that  in  some 
sarcomata  the  disease  can  be  cured  by  chiseling, 
preserving  the  continuity  of  the  bone;  in  other 
cases  a  resection  of  the  entire  thickness  of  the 
bone  suffices;  in  others  an  amputation  a  short  dis- 
tance above  the  disease  is  necessary;  and  in  ex- 
tensive malignant  growths  involving  the  soft  tissues 
as  well  as  the  bone,  exarticulation  at  the  joint 
above  the  disease  is  imperative.  The  results  after  resection  and  ampu- 
tation are  equally  good  if  the  tumor  is  confined  to  the  bone,  and 
almost  equally  bad  if  there  is  infiltration  of  the  muscle. 

The  operation  of  resection  in  preference  to  amputation  is  a  great 
advance  in  operative  surgery,  and  is  not  only  destined  to  preserve 
limbs,  but  to  lower  the  mortality  of  malignant  disease.  It  is  limitless 
in  its  field  of  application;  it  is  applicable  to  all  the  bones  of  the  extremi- 
ties. It  is  not  only  possible  to  resect  segments  of  long  bones,  but  the 
whole  bone  may  be  removed  and  the  patient  left  in  a  more  useful 
state  than  he  could  be  after  amputation.  This  is  illustrated  by  the 
removal  of  the  humerus  and  the  articulation  of  the  ulna  to  the  shoulder, 
leaving  a  woman  who  earned  her  livelihood  by  needlework  a  function- 
ating hand. 


Fig.  300.  —  Mikulicz's 
Resection  op  Low- 
er End  of   Femur. 


ARTHRECTOMY,  ERASION,  OR  SYNOVECTOMY. 

This  operation  consists  in  the  removal  of  the  synovial  membrane 
lining  the  joint.  The  operation  may  include  the  removal  of  the  diseased 
ligaments  and  other  soft  structures,  and  the  scraping  or  tearing  away 
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of  superficial  disease  of  the  cartilages  or  bones;  but  if  section  of  the 
bone  has  to  be  done  the  operation  constitutes  an  excision.  Arthrectomy 
was  first  practised  and  described  by  G.  A.  Wright.17  The  operation 
is  indicated  in  disease  which  begins  in  the  synovial  membrane,  and 
before  advanced  involvement  of  bone  has  taken  place.  It  is  indicated 
in  most  of  the  diseases  which  would  demand  excision  if  allowed  to  go  on. 
It  is  preferable  to  excision  in  growing  children.  It  is  indicated  in 
chronic  and  suppurative  synovitides,  in  tuberculous  synovitis  which 
resists  milder  measures,  and  in  the  fungous  articuli  of  the  old  authors 
in  which  the  capsule  and  the  parasynovial  tissue  form  a  gelatinous 
mass  \  to  \  inch  thick.  Its  advantages  are  that  it  does  not  inter- 
fere with  the  growth  of  the  epiphysis,  the  ligaments  about  the  joint 
are  less  damaged,  shortening  of  the  limb  is  not  produced,  and  the 
dangers  of  the  operation  are  less  than  excision.  If,  however,  the 
operation  fail  to  remove  all  the  disease,  and  recurrence  takes  place, 
excision  is  rendered  more  difficult.  The  operation  will  be  described 
in  connection  with  the  knee-joint,  to  which  it  is  chiefly  applicable. 

OSTEOPLASTIC  OPERATIONS. 

Osteoplastic  operations  for  the  defects  of  long  bones  following 
disease  and  injury  have  been  described  under  operations  for  osteo- 
myelitis, and  the  most  important  operations  of  that  kind  are  to  be  found 
under  that  heading.  There  are,  however,  certain  other  methods  of 
bone  plastic  which  deserve  attention. 

In  the  skull,  after  trephining,  the  button  of  bone  may  be  replaced 
and  the  permanent  closure  of  the  skull  expected.  The  zygoma  is 
turned  down  in  the  flap  of  soft  tissues  in  exposure  of  the  temporo- 
zygomatic fossa,  and  sutured  back  in  place.  Osteoplastic  resection 
of  the  skull  is  described  under  Surgery  of  the  Head,  Vol.  III.,  p.  261. 
This  operation  is  a  type  of  temporary  resection,  in  which  the  bone  is 
left  attached  to  the  overlying  soft  parts  with  the  view  of  replacing  it. 
The  operation  is  practised  on  the  spinal  column  to  expose  the  cord, 
the  flap  containing  the  laminae  and  spinous  processes;  it  is  practised 
upon  the  ribs,  upon  the  lower  jaw,  in  amputations  to  finish  the  bone 
ends,  in  rhinoplasty,  and  upon  the  bony  prominences  about  the  joints 
in  operations  for  resection.  The  aim  of  the  operation  is  that  the 
vitality  of  the  bone  shall  not  be  destroyed,  and  that  the  bone  shall 
be  replaced  as  living  tissue. 

Osteoplastic  Operations  for  Cranial  Defects.— In  order  to 
fill  the  defects  resulting  from  loss  of  portions  of  the  cranium  any  of 
the  operations  described  under  Bone-grafting  and  Bone-filling  are 
indicated.     There  are  also  certain  special  operations  for  this  purpose. 

If  the  opening  is  small  it  may  be  exposed  by  a  straight  or  curved 
incision  through  the  scalp,  the  connective  tissue  removed  from  the 
dura,  and  from  the  opening,  and  the  edges  of  the  bone  freshened.  The 
trephine  may  then  be  applied  to  the  healthy  skull  in  the  neighborhood, 
and  the  outer  table  cut  through.    The  button  thus  marked  out  is  lifted 
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up  and  placed  in  the  cranial  defect  with  its  periosteum  against  the 
dura,  and  the  wound  closed. 

Larger  defects  may  be  filled  by  marking  out  a  flap  in  the  scalp  of 
the  desired  shape  and  then  sawing  or  chiseling  through  the  outer  table 
of  the  skull,  and  lifting  this  up  with  the  flap  of  scalp  and  swinging  it  into 
place.  B.  L.  Eastman18  describes  a  case  of  large  defect  of  the  parietal 
bone,  in  which  he  cut  out  a  plate  from  the  outer  table  of  the  opposite  pari- 
etal bone,  removed  it  from  all  of  its  connections,  and  fitted  it  into  the 
defect,  with  successful  results.  Carl  Beck19  has  successfully  employed  a 
flap  of  temporal  fascia  and  periosteum  to  cover  cranial  defects.  The 
defect  is  exposed  by  a  curved  incision,  and  the  scalp  dissected  from  the 
temporal  fascia.  The  scar  tissue  is  removed  from  the  defect  and  the 
opening  slightly  enlarged  above  to  expose  an  edge  of  dura  mater. 
A  flap  of  temporal  fascia,  muscle,  and  periosteum  is  turned  up  from 
below,  and  the  fascia  is  sutured  to  the  edge  of  the  dura,  leaving  the 
periosteum  of  the  flap  outermost.  The  scalp  is  then  sutured  over  all. 
Beck  reports  securing  in  this  way  not  only  a  good  substitute  for  dura, 
but  also  the  development  of  bone  from  the  reflected  periosteum. 

W.  W.  Keen26  has  described  a  valuable  method  of  filling  in  skull 
defects.  He  turns  back  a  scalp  flap  and  freshens  with  the  rongeur  the 
margin  of  the  opening.  Then  with  a  gouge  and  mallet  a  number  of 
pieces  from  the  outer  table  of  the  adjacent  skull  are  chiseled  off  and 
distributed  evenly  over  the  defect.  The  flap  of  scalp  is  sewed  in  place 
over  the  bone  chips.  He  has  employed  this  method,  always  with 
success,  in  over  20  cases,  the  chips  never  undergoing  necrosis,  and 
eventually  becoming  incorporated  into  a  solid  bony  plate.  Areas  as 
large  as  6  to  7  cm.  by  3  to  5  cm.  have  thus  been  treated. 

OSTEOTOMY  OF  THE  LONG  BONES. 

Osteotomy  consists  in  the  cutting  of  bone,  but  the  term  is  applied 
usually  to  the  operative  division  of  a  long  bone  for  the  purpose  of 
correcting  deformity.  Such  deformity  is  usually  due  to  badly  united 
fractures,  the  distortion  of  rickets,  or  certain  ankyloses  following  inflam- 
mation. The  operation  was  originally  performed  through  a  free  open- 
ing, but  since  the  time  of  von  Langenbeck  it  has  been  done  through 
a  minute  skin  opening  just  large  enough  to  admit  the  chisel  after  the 
manner  of  tenotomy.  The  skin  incision  should  be  made  in  the  direction 
of  the  long  axis  of  the  limb.  The  bone  is  divided  by  means  of  the  narrow 
chisel,  called  osteotome,  and  a  mallet.  The  osteotome  was  perfected  by 
Macewen,  and  differs  from  the  chisel,  which  has  only  one  side  beveled,  in 
that  both  sides  are  evenly  ground.  The  cutting  edge  is  from  J  to  $  inch 
in  width.  Osteotomes  of  different  thickness  may  be  used,  the  thinner 
being  used  last  as  the  wound  becomes  deeper.  These  osteotomes  are 
marked  with  the  measuring  grooves  on  the  blade  to  determine  the 
depth  of  the  wound.  The  best  mallets  are  those  made  of  wood  or 
rawhide. 

The   extremity  is   best  placed  on   a   firm  sand-bag  to   take    up 
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the  impact  of  the  mallet.  The  osteotome  is  introduced  into  the 
wound,  passed  down  to  the  bone,  and  then  rotated  to  the  desired 
position.  It  should  be  held  firmly  in  the  closed  hand  with  the  inner 
side  of  the  wrist  resting  on  the  skin,  so  that  it  is  under  control.  It 
is  driven  a  short  distance  into  the  bone  and  then  rocked  until  it  is 
loosened,  and  applied  a  little  further  along  in  the  same  line.  It  is  well 
to  keep  the  osteotome  in  contact  with  the  bone,  lest  the  location  of  the 
cut  be  lost.  Gradually,  in  this  way,  it  is  worked  along  until  the  bone 
is  divided.  The  osteotome  should  never  become  tightly  wedged,  but 
should  always  be  kept  loose  by  a  rocking  motion,  both  vertically  and 
laterally,  after  each  stroke  of  the  mallet.  The  surgeon  should  have 
in  his  mind  the  important  structures  lying  near 
the  bone,  and  care  should  be  exercised  lest  the 
chisel  be  driven  into  the  tissues  on  the  opposite 
side.  The  accepted  practice  is  to  carry  the  oste- 
otomy nearly  through  the  bone  and  then  to 
complete  the  operation  by  forcibly  fracturing. 
Often  in  children  it  is  not  necessary  to  make  a 
complete  fracture.  The  deformity  is  corrected, 
the  small  wound  dressed  without  suture,  and  the 
bone  treated  as  a  fracture.  The  fine  saw  of 
Adams  is  sometimes  used  instead  of  an  oste- 
otome. In  cases  in  which  osteotomy  is  done  for 
the  purpose  of  producing  a  false  joint,  passive  mo- 
tion must  be  continued  every  day  from  the  time  of 
operation,  even  though  an  anesthetic  is  required. 

Cuneiform  osteotomy  (Fig.  301)  consists  in 
the  cutting  out  of  a  wedge-shaped  piece  of 
bone  to  correct  deformity  too  great  for  simple 
linear  osteotomy.  This  is  a  complicated  opera- 
tion and  requires  an  incision  large  enough  to  per- 
mit the  removal  of  the  wedge  of  bone.  Cunei- 
form osteotomy  is  applied  in  extreme  deformity 
of  the  tibia  or  femur  resulting  from  rickets. 
It  is  rarely  required  in  old  ankylosis  of  the 
knee  with  flexion.  In  the  latter  case  a  wedge  composed  of  the  lower 
end  of  the  femur  and  the  upper  end  of  the  tibia  is  removed.  The 
operation  of  cuneiform  osteotomy  is  done  advantageously  by  cutting 
out  a  notch  in  the  bone  with  the  bone  chisel  and  then  chiseling  this 
larger  and  deeper  until  the  desired  cuneiform  division  of  the  bone  is 
reached. 

Osteotomy  of  the  Femur. — For  Ankylosis  of  the  Hip-joint. — 
This  operation  is  indicated  in  cases  in  which  there  is  ankylosis  with 
bad  position  of  the  thigh.  The  object  is  not  to  secure  mobility,  because 
this  is  rarely,  if  ever,  accomplished,  but  to  put  the  thigh  in  better 
position  for  walking. 

Osteotomy  of  the  Upper  End  of  the  Femur. — This  operation  is 
done  with  the  saw  or  with  the  osteotome. 


Fig.  301 . — Cuneiform  Oste- 
otomy. 


750 


OPERATIONS    ON    BONES    AND    JOINTS. 


Adams'  operation  (Fig.  302.  A)  is  as  follows:  The  left  thumb  com- 
presses the  soft  tissues  against  the  bone,  the  breadth  of  a  finger  above 
the  great  trochanter.  At  this  point  a  long  narrow-bladed  knife  is 
pushed  in  until  it  reaches  the  neck  of  the  femur,  and  is  then  passed  on 
in  front  of  the  neck,  close  to  the  bone.  This  incision  is  to  make  a  passage 
for  the  Adams  saw,  which  should  be  introduced  alongside  of  the 
knife  before  the  latter  is  withdrawn.  The  neck  is  then  sawn  through 
from  before  backward,  at  right  angles  to  its  long  axis.  Care  should  be 
exercised  to  avoid  cutting  the  neck  obliquely.  This  operation  is  not 
applicable  to  cases  in  which  the  neck  has  been  destroyed  or  deformed; 
and  inasmuch  as  in  a  large  proportion  of  the  cases  of  tuberculous 


Fio.  302. — Ohteotomy   of   the    Upper    End        Fio.  303. — OsrtoroMT  ofthe  Ix)wer  End  of 

OF  THE  FEMUK.  THE  FEMUR. 

A,  Osteotomy   of  the  neck  (Adams);   G,  H*.  Supracondyloid  osteotomy  (Macewen); 

subtrochanteric  osteotomy  ((iant);  V,  inter-  O,  oblique  division  of  the  inner  condyle  (Ogston). 
trochanteric  osteotomy  (Yolkmann). 

ankylosis  the  neck  of  the  bone  has  been  destroyed,  the  field  of  the 
operation  is  limited.  The  operation  is  done  with  the  osteotome  through 
a  small  longitudinal  incision  just  above  the  apex  of  the  great  tro- 
chanter. The  osteotome  is  carried  down  to  the  neck  of  the  bone, 
rotated  to  the  position  of  a  right  angle  to  it,  and  the  bone  divided  with 
a  few  strokes  of  the  mallet. 

Subtrochanteric  osteotomy  (Gant's  operation,  Fig.  302,  G)  is  done 
through  a  longitudinal  incision  on  the  outer  side  of  the  thigh  1  inch  to 
U  inches  below  the  great  trochanter.  The  bone  should  be  divided 
at  a  right  angle  just  below  the  lesser  trochanter,  put  up  in  extension 
in  the  corrected  position,  and  treated  as  a  fracture  of  the  thigh.  Volk- 
mann's  operation   divides  the   bone  between   the  greater  and  lesser 
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trochanters  (Fig.  302,  V).  Volkmann  has  devised  another  operation 
by  which  he  rounds  of!  the  upper  end  of  the  lower  fragment,  scoops 
out  a  cup-shaped  depression  in  the  great  trochanter,  and  by  passive 
motion  secures  a  joint  at  this  place.  The  value  of  this  operation  is 
still  in  question. 

The  operations  of  Adams  and  Gant  are  usually  employed  for  the 
correction  of  deformity  following  ankylosis  of  the  hip  in  a  faulty  posi- 
tion, the  latter  having  the  wider  range  of  usefulness.  In  all  of  these 
operations  tenotomy  and  division  of  contracted  soft  parts  is  often 
required  to  secure  the  best  results. 

Osteotomy  of  the  Lower  End  of  the  Femur. — This  operation  is 
required  usually  for  knock-knee  and  for  deforming  ankylosis  of  the 
knee-joint. 

Osteotomy  for  knock-knee  (genu  valgum)  is  performed  in  all  adult 
cases  requiring  treatment  and  in  aggravated  cases  in  children.  If  the 
case  remains  aggravated  by  the  fourth  year  operation  is  advisable. 
In  the  normal  femur  the  epiphyseal  line  is  on  a  level  with  the  tubercle 
of  the  adductor  magnus  muscle  and  crosses  the  bone  horizontally. 
In  knock-knee  this  line  is  oblique,  but  still  parallel  with  the  articular 
surface,  because  genu  valgum  is  due  to  a  lateral  overgrowth  of  the 
diaphysis  and  not  of  the  epiphysis. 

Supracondyloid  Osteotomy  of  the  Femur  from  the  Inner  Side  (Mace wen, 
Fig.  303,  W). — This  is  the  most  generally  employed  of  the  osteotomies 
for  knock-knee.  The  patient  lies  upon  his  back  with  the  knee  and 
thigh  flexed  and  the  thigh  supported  on  a  sand-bag  on  its  outer  side. 
If  operating  on  the  right  leg  the  surgeon  stands  to  the  outside;  if  on  the 
left  leg  he  stands  opposite  the  left  hip.  A  short  incision  is  made  on 
the  inner  side  of  the  thigh  \  inch  anterior  to  the  tendon  of  the  adductor 
magnus  and  J  to  \  inch  above  the  adductor  tubercle.  This  should 
bring  the  middle  of  the  incision  on  a  transverse  line  drawn  about  a 
a  finger's  breadth  above  the  external  condyle.  The  knife  is  passed 
to  the  bone,  and  before  it  is  withdrawn  the  osteotome  is  inserted. 
The  osteotome  is  then  rotated  and  the  bone  divided  transversely 
above  the  epiphyseal  line.  In  doing  this  it  is  well  to  begin  with 
osteotomy  on  the  postero-internal  aspect  of  the  bone,  driving  the 
osteotome  forward  and  outward.  The  cut  is  then  advanced  to  the 
inner  side  and  then  toward  the  front  of  the  bone.  The  osteotome  is 
rocked  up  and  down  in  order  to  widen  the  cut.  The  posterior  and 
outer  parts  of  the  circumference  remain  undivided,  and  are  fractured 
after  the  osteotome  has  advanced  through  three-fourths  of  the  bone. 
This  operation  may  be  done  through  a  transverse  incision,  which  makes 
the  manipulation  of  the  osteotome  easier.  After  the  bone  is  divided 
the  wound  is  covered  with  a  small  dressing  and  the  limb  put  up  in  the 
corrected  position  in  plaster-of-Paris.  The  splint  should  be  applied 
for  about  four  weeks,  and  the  child  may  be  allowed  to  stand  on  the 
leg  in  about  six  weeks. 

Supracondyloid  Osteotomy  of  the  Femur  from  the  Outer  Side  (Fig.  303, 
W). — The  patient  lies  upon  the  back  with  the  thigh  and  the  knee  flexed 
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upon  a  sand-bag.  The  thigh  is  adducted  and  an  assistant  steadies  the 
leg.  A  longitudinal  incision  not"  longer  than  1  inch  is  made  1  or 
2  inches  above  the  external  condyle.  This  incision  is  made  on  the 
outer  side  of  the  thigh.  It  is  carried  through  the  iliotibial  band  down 
to  the  bone  in  front  of  the  tendon  of  the  biceps.  The  osteotome  is 
inserted,  rotated  to  the  transverse  position,  the  bone  divided  through 
about  three-fourths  of  its  thicknesses,  and  the  division  completed  by 
fracturing  it.  The  limb  is  then  put  up  straight  in  the  corrected  position. 
Oblique  Division  of  the  Internal  Condyle  (Ogston,  Fig.  303,  0). — The 
point  of  a  narrow-bladed  knife  is  passed  into  the  bone  on  the  inner  surface 
of  the  thigh  about  2  inches  above  the  adductor  tubercle.  The  point 
of  the  knife,  with  the  cutting  edge  against  the  bone,  is  passed  forward, 
downward,  and  outward  till  the  groove  between  the  front  of  the  condyles 


Fio.  304. — Lines  of  Osteotomy  About  the  Knee-joint. 
Osteotomy  of  both  condyles  for  knock-knee  (Annandale,  d)\  wedge-shaped  osteotomy  of  the 
inner  condyle  (Mace wen,  e);  wedge-shaped  osteotomy  of  the  inner  condyle  (Chiene,  /);  linear  oste- 
otomy of  the  shaft  of  the  femur  (Reeves,  g)\  linear  osteotomy  of  the  tibia  (Billroth,  h);  wedge- 
shaped  osteotomy  of  the  tibia  (Mayer,  t);  osteotomy  of  the  tibia  and  fibula  (Schede,  k). 


is  reached.  The  joint  is  opened  by  this  incision.  A  fine  saw  is  passed 
down  in  front  of  the  bone  at  the  junction  of  the  inner  condyle  and  the 
shaft,  and  the  bone  is  sawn  through  obliquely.  This  operation  may  be 
done  even  more  easily  with  the  chisel.  The  inner  condyle  is  com- 
pletely detached,  and  by  adducting  the  leg  it  is  displaced  upward  and 
the  genu  valgum  corrected.  This  operation  has  the  decided  disadvan- 
tage of  opening  the  joint  and  of  involving  the  epiphysis. 

Other  operations  of  less  frequent  utility  are  the  following  (Fig.  304) : 
Osteotomy  of  the  Tibia.— Osteotomy  of  the  Tibia  below  the 
Tuberosities  (Fig.  304,  h,  i,  h). — This  operation  is  required  to  remedy 
the  deformities  following  rickets,  causing  knock-knee,  bow-legs,  or 
other  distortions;  and  to  correct  the  deformity  of  vicious  union  of 
fractures;   and  for  deforming  ankylosis  of  the   knee.     The   bone  is 
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exposed  on  its  internal  surface  just  below  the  tuberosity  by  a  longi- 
tudinal or  transverse  incision,  and  divided  from  within  outward  by  the 
osteotome.  To  prevent  injury  of  the  popliteal  structures  a  thin,  flat 
retractor  may  be  passed  across  the  posterior  surface,  close  to  the  bone. 
There  is  less  danger  of  injury  to  the  peroneal  nerve  if  the  fibula  is  also 
divided,  and  still  less  danger  if  a  cuneiform  osteotomy  of  the  tibia  is  done. 
Osteotomy  of  the  Shaft  of  the  Tibia. — This  operation  is  indicated 
for  extreme  curvatures  and  in  cases  in  which  osteoclasis  is  not  indicated. 
A  short  incision  is  made  over  the  internal  surface  of  the  bone  at  the 
level  of  the  deformity,  the  soft  tissues  dissected  up  for  a  short  space, 
the  bone  partially  divided  with  the  osteotome,  and  fractured.  In 
extreme  deformity  a  wedge-shaped  osteotomy,  or  osteotomy  in  two 
places,  may  be  required.  An  actual  lengthening  of  the  bone  is  produced 
if  the  division  of  bone  is  made  on  the  concave  aspect  of  the  deformity, 
for  in  producing  the  fracture  and  straightening  the  bone  the  gap  made 
by  the  osteotome  is  widened.  Tenotomy  of  the  Achilles  tendon  is 
sometimes  required. 

EXCISIONS  AND  RESECTIONS  OF  BONES. 

Excision  and  Resection  of  the  Upper  Jaw. — These  operations 
are  usually  understood  to  involve  but  one  of  the  superior  maxillae, 
although  the  simultaneous  removal  of  both  bones  is  sometimes  required. 
Excision  of  the  upper  jaw  is  done  on  account  of  malignant  tumors  of 
the  bone  or  antrum  of  Highmore,  osteitis,  and  necrosis.  Temporary 
osteoplastic  resection  is  done  to  give  access  to  the  nasopharynx  for  the 
removal  of  tumors  of  that  region.  The  bony  connections  which  have  to 
be  divided  by  instruments  are — (1)  the  nasal  process,  (2)  the  malar  proc- 
ess, and  (3)  the  hard  palate  and  alveolar  process.  The  connections  with 
the  other  bones  of  the  skull  are  not  so  strong  that  they  need  be  cut. 
The  operation  is  essentially  a  very  bloody  one.  Many  surgeons  employ 
primary  tracheotomy  and  the  tampon  cannula,  or  tamponing  the 
pharynx  or  larynx  to  prevent  blood  entering  the  trachea,  the  head 
being  slightly  flexed  upon  the  chest  or  extremely  extended.  A  much 
better  procedure  is  the  temporary  or  permanent  ligation  or  temporary 
clamping  of  the  external  carotid  artery.  When  this  is  done  the  chief 
difficulty  of  the  operation  is  removed  and  excision  of  the  upper  jaw 
becomes  a  simple  procedure.  The  contrast  between  the  old  bloody 
operation  and  the  ease  of  the  procedure  after  ligation  of  the  external 
carotid  is  very  striking.  If  occlusion  of  the  carotid  is  not  practised, 
the  hemorrhage  is  best  controlled  by  packing  with  iodoform  gauze, 
and  making  firm  pressure  immediately  after  the  removal  of  the  bone. 
(See  Surgery  of  the  Mouth,  Teeth,  and  Gums,  Vol.  III.,  p.  650.) 

Many  of  the  operations  upon  the  face  call  for  incisions  at  acute  angles. 
Such  incisions  leave  sharp  points  of  skin  to  be  sutured.  I  have  found 
it  more  satisfactory,  for  cosmetic  reasons,  to  avoid  making  these  sharp 
points  and  to  make  curved  incisions  instead.  The  curve  lends  itself 
better  to  suturing. 
vol.  v — 48 
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Excision   of   the   Upper   Jaw   by    the    Mediolateral   Incision 

(Nttaton,  Weber,  Fergusson  (Fig.  305,  AfB,  C). — The  patient  lies  with 
his  head  turned  toward  the  sound  side.  The  anesthetic  mask  is  removed 
and  the  administration  of  the  anesthetic  continued  through  a  tube 
inhaler,  or  the  chloroform  mask  is  reapplied  during  the  operation  when 
necessary.  An  incision  is  begun  ^  inch  below  the  inner  canthus  of  the 
eye  and  is  carried  down  along  the  side  of  the  nose  to  the  ala,  around 
the  ala  in  the  groove  where  it  is  joined  to  the  face,  thence  horizontally 


Fig.  305. — Lines  of  Incision  fx>r  Operations  on  Upper  and  Lower  Jawb. 
ABC,   Mediolateral   incision    (Nelaton);    E.  external   inrision    (Oilier);    D,   external   incision 
(Velpeau);  IC,  median  incision  (Dieffenbach);  PRS,  Boeckel's  operation;  VW,  incision  for  temporary 
division  of  the  lower  jaw;  WXZ,  incision  for  resection  of  lower  jaw. 


to  the  septum  nasi,  and  then  directly  downward  to  the  free  border  of 
the  lip.  This  incision  is  supplemented  by  one  passing  from  its  upper 
end  outward  beneath  the  eye,  directly  on  the  lower  border  of  the  orbit, 
and  terminating  J  inch  below  the  external  canthus.  These  incisions 
should  lay  open  all  of  the  soft  tissue  down  to  the  bone.  The  flap 
representing  the  soft  tissue  of  the  cheek  is  dissected  from  the  upper 
jaw,  so  that  the  malar  process  is  exposed.  The  nasal  cartilage  is  sepa- 
rated from  the  edge  of  the  bone.  The  periosteum  at  the  lower  margin 
of  the  orbit  is  incised  and  with  a  thin  sharp  elevator  lifted  up  from 
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the  orbital  surface  of  the  bone.  The  wire-saw  or  chain-saw  is  then 
passed  through  the  sphenomaxillary  fissure  and  the  malar  process 
divided  (Fig.  306,  B).  The  nasal  process  is  then  divided  with  the 
bone-cutting  forceps.  The  mucous  membrane  and  periosteum  of  the 
hard  palate  are  divided  transversely  opposite  the  last  molar  tooth, 
and  in  the  median  line  from  this  incision  forward.  The  soft  palate  is 
then  separated  from  the  hard  palate  through  the  transverse  incision 
by  means  of  the  elevator.  The  middle  incisor  tooth  is  drawn  and  the 
hard  palate  divided  by  the  saw,  chisel,  or  forceps,  close  to  the  septum. 
The  mucous  membrane  lining  the  cheek  is  then  cut  from  the  alveolar 
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Fig.  306. — Lines  of  Division  op  Bone  in  Resections  of  the  Upper  and  Lower  Jaws. 
ABC\  Excision  of  the  upper  jaw;  B,  K,  different  points  of  external  division;  EC,  resection  of 
the  lower  segment  of  the  upper  jaw  (Gue'rin).  (The  line  C  should  fall  on  the  side  of  the  nasal  sep- 
tum toward  the  bone  to  be  removed.)  FM,  Resection  of  the  upper  segment  of  the  upper  jaw; 
D,  resection  to  gain  access  to  the  nasopharynx  (Boeckel);  H,  resection  of  the  alveolar  process; 
G,  excision  of  half  of  lower  jaw;  L,  osteotomy  for  ankylosis  of  lower  jaw. 


process  with  curved  scissors.  Lion-jaw  forceps  then  grasp  the  bone, 
and  by  a  rocking  motion  it  is  loosened  from  its  remaining  attachments, 
which  are  the  palate  bone  behind  and  the  ethmoid  boneabove  (Fig. 307). 
The  superior  maxillary  nerve,  emerging  in  the  fissure,  should  be  divided 
as  far  back  as  possible.  The  divided  reflection  of  mucous  membrane 
is  sutured  behind  to  the  palate  and  in  front  to  that  of  the  opposite  side. 
The  skin  wound  and  the  divided  lip  are  carefully  approximated,  and 
the  cavity  from  which  the  bone  was  removed  is  packed  with  iodoform 
or  balsam  gauze. 

If  the  disease  does  not  involve  the  mucous  membrane  of  the  hard 
palate,  the  operation  should  be  modified  as  follows:   An  incision  should 


756 


OPERATIONS    ON    BONES    AND    JOINTS. 


be  carried  through  the  mucous  membrane  and  periosteum  of  the  hard 
palate  close  to  the  alveolar  process  of  the  diseased  bone  instead  of  in 
the  median  line.  The  valve  of  soft  tissue  should  be  elevated,  and 
when  the  bone  is  removed  this  may  be  sutured  to  the  edge  of  mucous 
membrane  of  the  cheek  and  the  nasobuccal  septum  retained  com- 
plete (Fig.  308). 

Another  point  which  I  have  found  most  useful  in  cases  in  which 
the  disease  has  not  extended  toward  the  malleolar  process  is  to  saw  the 
outer  part  of  the  bone  forward  in  such  a  way  that  all  or  a  large  portion 


Fia.  307. — Excision  of  the  Upper  Jaw  Through  the  Mediolateral  Incision. 
Mouth-gag  in  place,  soft  parts  retracted,  bone-forceps  wrenching  out  bone. 


of  this  process  is  left  attached  to  the  malar  bone.  At  this  location,  in 
sawing  from  the  sphenomaxillary  fossa  forward,  the  surgeon  has  the 
choice  of  bringing  the  anterior  end  of  the  bone  division  inward  or 
outward  over  a  variation  of  more  than  an  inch.  This  may  depend 
upon  the  position  of  the  disease.  The  more  of  this  process  that  can 
be  left,  the  more  support  and  prominence  there  are  for  the  cheek,  and 
consequently  the  less  the  deformity  (Fig.  306,  B.  K). 

Excision  of  the  Upper  Jaw  by  the  External  Incision  (Fig.  305, 
D,  E). — An  incision  through  the  whole  thickness  of  the  cheek  is  carried 


EXCISIONS    AND    RESECTIONS    OF    BONES. 


757 


upward  and  outward  from  the  angle  of  the  mouth  toward  the  outer 
canthus  of  the  eye.  The  incision  may  be  curved  with  its  convexity 
outward  (Velpeau)  or  straight  (Oilier,  Liston).  This  incision  should 
end  over  the  middle  of  the  malar  bone.  The  soft  tissues  are  then 
dissected  up  and  retracted  from  the  bone  to  be  removed,  the  bone  is 
divided,  and  the  operation  proceeded  with  as  described  above.  This 
incision  has  the  disadvantage  that  it  divides  the  branches  of  the  facial 
nerve,  and  the  curved  incision  is  apt  to  divide  Steno's  duct. 

Langenbeck's  operation  (Fig. 
309,  FGH)  carries  an  incision  from 
the  side  of  the  nose,  beginning  at  the 
lower  end  of  the  suture  between 
the  nasal  bone  and  the  upper  jaw, 
and  curves  downward  to  the  junc- 
ture of  the  upper  lip  and  the  cheek, 
and  thence  upward  to  end  over 
the  middle  of  the  malar  bone,  thus 
making  a  U. 

Dieffenbach's  operation  (Fig. 
305, 1C)  is  characterized  by  a  median 
incision  beginning  at  the  root  of  the 
nose  and  passing  down  the  median 
line  of  the  nose  and  through  the 
lip.  To  this  is  added  a  transverse 
incision  from  the  upper  end  of 
the  first  to  the  inner  canthus  of  the 
eye. 

Malgaigne's  operation  adds  a 
median  division  of  the  upper  lip 
to  the  external  incision  of  Velpeau. 

Simultaneous  Excision  of  Both  Upper  Jaws. — This  operation 
is  best  done  by  means  of  the  external  incisions  passing  from  the  angles 
of  the  mouth  to  the  middle  of  the  malar  bones.  The  soft  tissues  lying 
between  these  two  incisions,  together  with  the  cartilages  of  the  nose, 
are  dissected  up  from  the  two  maxillae  as  far  as  the  orbits,  and  the 
flap  turned  up  over  the  forehead.  The  operation  is  proceeded  with  as 
described  above  under  the  mediolateral  incision,  except  that  the  two 
bones  are  not  separated,  but  are  removed  together.  The  malar  processes 
are  divided  in  the  usual  manner.  The  nasal  processes  may  be  divided 
separately  by  bone  forceps  or  together  by  passing  the  wire-saw  from 
one  orbit  into  the  other  through  the  lacrymal  bones.  As  much  of  the 
periosteum  of  the  hard  palate  as  possible  should  be  saved  by  employ- 
ing a  curved  incision  near  the  alveolar  margin  and  stripping  it  back, 
leaving  it  connected  posteriorly.  The  soft  palate  is  separated  from  the 
bone.  The  bones  are  then  twisted  downward  and  forward  from  their 
other  attachments.  This  is  a  less  difficult  operation  than  removal  of 
the  single  bone,  provided,  of  course,  that  occlusion  of  both  external 
carotids  has  been  practised. 


Fig.  308. — Mucou*  Membrane  and  Perios- 
teal Incisions. 
R,  Right;  L,  left.  The  incision  abch  is 
made  for  excision  of  the  right  upper  jaw.  The 
bone  is  divided  along  the  right  side  of  the  line 
gb.  If  there  is  no  disease  of  the  hard  palate, 
the  incisions  ach  and  cb  may  be  made.  Ollier's 
subperiosteal  excision  is  afg. 
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Subperiosteal  Excision  of  the  Upper  Jaw. — This  is  done  through 
the  external  incision,  although  the  mediolateral  incision  is  well  adapted 
to  the  operation.  If  necessary,  median  division  of  the  upper  lip  may 
be  combined  with  the  external  incision  of  Oilier.  In  this  operation  the 
periosteum  is  left  attached  to  the  overlying  soft  tissue  and  is  elevated 
with  it.  The  operation  is  indicated  in  cases  in  which  the  periosteum 
is  not  diseased  and  in  operation  for  exposure  of  the  nasopharynx. 
After  making  the  skin  incision  the  mucous  membrane  is  divided  by  an 
incision  beginning  at  the  median  line  in  front,  on  the  outer  surface 
of  the  alveolar  process,  and  carried  backward,  close  to  the  edge  of  the 


Fig.  309, — Lines  of  Incision  for  Operations  on  Upper  and  Lower  Jaws. 
FGH,  U-ineision  for  resection  of  upper  jaw  (Langenbeck);  TO.  incision  to  gain  access  to  the 
nasopharynx  (Oilier);  NFO,  Langenbeck's  osteoplastic  resection;   IHA'.  incision  for  resection  of 
half  of  body  of  lower  jaw;  VWXZ,  incision  for  resection  of  half  of  lower  jaw. 

gum,  around  the  last  molar  tooth,  and  then  forward  in  the  same  manner 
on  the  inside  of  the  alveolar  process  to  a  point  opposite  its  beginning 
(Fig.  309,  g,  /,  a).  An  incision  through  the  periosteum  is  then  carried 
upward  from  the  beginning  of  the  first  to  a  point  just  external  to  the 
anterior  nasal  spine.  The  periosteum  is  then  stripped  back  from  the 
anterior  surface  of  the  bone.  When  the  infra-orbital  canal  is  reached, 
the  nerve  is  divided  at  its  point  of  emergence.  The  stripping-up  of 
the  periosteum  is  continued  into  the  orbit  and  to  the  limit  of  the  bone. 
The  lacrymal  sac  and  duct  may  be  left  uninjured,  adherent  to  the 
periosteum.    The  separation  of  the  periosteum  in  the  roof  of  the  mouth 
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is  continued  as  far  as  the  median  line.  The  malar  process  and  the 
nasal  processes  are  divided,  the  incisor  tooth  removed,  and  the  chisel 
used  to  divide  the  bone  obliquely  back  to  the  median  line,  and  thence 
backward  through  the  rest  of  the  hard  palate.  The  bone  is  then 
removed  with  strong  forceps,  and,  finally,  the  mucoperiosteal  flap  from 
the  hard  palate  is  sutured  to  the  periosteal  flap  above. 

Resection  of  the  Lower  Segment  of  the  Upper  Jaw. — The 
removal  of  the  bone  below  the  infra-orbital  canal  by  Gutrin's  operation 
is  as  follows  (Fig.  305,  KM;  Fig.  306,  EC):  A  curved  incision,  with  its 
convexity  outward,  is  carried  from  the  upper  part  of  the  wing  of  the 
nose  to  the  angle  of  the  mouth,  following  the  curve  usually  present  in 
this  situation.  The  soft  parts  and  the  nose  are  dissected  from  the 
bone  and  retracted.  A  saw  is  passed  into  the  naris,  and  the  bone  is 
sawn  horizontally  outward,  the  saw  cut  ending  in  the  malar  process. 
The  soft  structures  of  the  palate  are  divided  transversely,  as  described 
above,  and  the  hard  palate  near  the  middle  line,  and  the  bone  twisted 
out.  This  procedure  lends  itself  to  the  subperiosteal  operation.  It 
gives  a  good  view  of  the  nasopharynx  and  is  indicated  for  disease  of 
the  bone  not  involving  the  orbital  plate. 

Resection  of  the  Upper  Segment  of  the  Upper  Jaw  (Fig.  306, 
FM). — For  this  operation  the  best  incision  is  the  mediolateral.  The 
soft  parts  are  raised  from  the  bone  and  the  periosteum  is  detached 
from  the  orbital  plate.  The  malar  and  nasal  processes  are  divided 
as  already  described,  and  a  horizontal  cut  made  with  the  saw  from 
the  naris  outward,  passing  above  the  alveolar  process.  The  bone 
thus  freed  is  wrenched  out. 

Osteoplastic  Resection  of  the  Hard  Palate  (Fig.  309).— This 
operation  is  done  to  give  access  to  the  nose  or  nasopharynx.  The 
posterior  portion  is  resected  by  carrying  a  median  incision  through 
the  soft  palate  and  mucous  membrane  and  periosteum  of  the  hard 
palate,  as  far  forward  as  is  desired.  A  transverse  incision  is  carried 
from  the  front  of  this  to  one  or  both  sides,  and  the  mucoperiosteal 
flap  separated  from  the  bone.  The  mucous  membrane  on  the  floor  of 
the  nostril  is  divided  close  to  the  septum  and  pressed  back.  As  much 
of  the  hard  palate  as  is  necessary  is  then  removed.  This  may  involve 
one  or  both  sides;  if  the  latter,  the  vomer  is  divided  with  forceps. 
The  operation  is  completed  by  suturing  the  soft  parts  back  in  place. 

Osteoplastic  resection  of  the  anterior  portion  of  the  palate 
is  accomplished  by  extracting  the  canine  teeth,  dissecting  the  upper 
lip  away  from  the  bone  until  the  nasal  cavity  is  exposed,  and  then 
dividing  the  alveolar  process  and  the  hard  palate  by  two  lines  of  parallel 
incisions  running  from  the  canine  sockets  back  to  the  soft  palate. 
The  vomer  is  divided  and  this  bone-flap,  attached  posteriorly,  is  turned 
down.  It  may  be  replaced  and  sutured  in  position  at  the  close  of  the 
operation. 

Operations  through  the  Upper  Jaw  to  Gain  Access  to  the  Naso- 
pharynx.— Subperiosteal  operation  through  the  upper  jaw,  described 
above,  is  the  most  satisfactory  for  securing  free  access  to  the  naso- 
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pharynx.  Temporary  resection  of  the  upper  jaw  is  done  by  means  of 
an  osteoplastic  flap  having  its  base  at  the  nose  and  its  apex  over  the 
malar  bone,  and  leaving  the  alveolar  process  and  hard  palate  (Lan- 
genbeck,  Fig.  309,  NFO). 

BoeckeUs  operation  is  a  valuable  procedure  (Fig.  305,  PRS;  Fig. 
306,  D).  An  incision  is  carried  from  the  root  of  the  nose,  curving 
downward  along  the  side  of  the  nose  to  the  wing  of  the  nostril,  and 
thence  outward  upon  the  cheek.  A  second  incision  begins  at  the 
origin  of  the  first  and  curves  downward  and  outward  along  the  lower 
margin  of  the  orbit  to  the  infra-orbital  foramen,  avoiding  the  lacrymal 
sac.  This  flap  is  raised  with  the  periosteum.  A  pyramidal  section 
of  the  upper  jaw  is  then  removed  with  the  chisel,  having  the  outer 
border  of  its  base  marked  by  a  vertical  line  just  internal  to  the  infra- 
orbital foramen,  and  the  base  representing  the  rest  of  the  anterior 
surface  of  the  bone  above  the  alveolar  process.  This  mass  bears  the 
middle  and  inferior  turbinated  bones. 

The  operation  of  Oilier  *(Fig.  309,  TO)  begins  with  an  incision 
external  to  the  ala  which  passes  upward  to  the  middle  line  at  the  root 
of  the  nose,  at  the  level  of  the  inner  canthi  of  the  eyes;  a  similar  incision 
is  made  on  the  other  side,  making  an  inverted  V.  The  bone  is  sawn 
through  in  the  line  of  incision  and  the  nose  turned  down  as  a  flap. 
The  septum  is  removed  or  pressed  aside,  the  nasopharyngeal  condition 
dealt  with,  and  the  operation  continued  by  replacing  the  nose  and 
suturing  it  in  place.  This  operation  may  be  modified  for  the  removal 
of  a  large  tumor  by  making  the  angle  greater  between  the  two  arms 
of  the  V  and  carrying  the  lower  extremities  of  the  incision  farther 
away  from  the  alae. 

The  operation  of  Annandale  divides  the  mucous  membrane  at  the 
lip-alveolar  junction,  dissects  up  the  nose  from  its  bony  attachments, 
divides  the  alveolar  process  and  hard  palate  near  the  median  line, 
and  pries  apart  the  divided  bones  to  increase  the  space  of  access. 

Denker's  operation20  for  reaching  malignant  tumors  laterally  does  not 
divide  the  skin.  The  soft  tissues  of  the  mouth  are  widely  retracted  and 
an  incision  through  mucosa  and  periosteum  is  carried  along  the  alveolar 
process  from  the  last  tooth  horizontally  forward,  nearly  to  the  middle 
line,  and  thence  up  to  the-  apertura  pyriformis.  The  periosteum  is 
elevated  as  far  up  as  the  lower  border  of  the  orbit  and  the  nasal  opening, 
and  retracted  upward.  The  bone  is  then  removed  from  the  nasal  mar- 
gin, opening  the  antrum  and  continuing  as  far  outward  as  necessary. 

Resection  of  the  alveolar  process  (Fig.  306,  H)  is  practised  for 
the  removal  of  limited  disease,  such  as  epulis.  The  section  to  be 
removed  should  be  marked  out  and  denuded  of  healthy  mucous  mem- 
brane and  periosteum.  Teeth  which  are  in  the  way  should  be  removed, 
and  the  anterior  and  posterior  limits  of  the  resection  defined  by  the 
saw.  The  upper  ends  of  the  saw  cuts  are  connected  by  a  line  marked 
with  the  chisel,  or  the  horizontal  division  may  be  made  with  a  saw. 
The  rongeur  is  useful  in  extending  the  operation  in  the  direction  of  any 
suspected  disease. 
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Excision  and  Resection  of  the  Lower  Jaw. — The  whole  or  any 
part  of  the  lower  jaw  may  be  removed.  Operation  is  usually  performed 
for  tumor  or  necrosis,  and  involves  only  a  part  of  the  bone.  The 
surgeon  should  spare  as  much  of  the  bone  as  possible,  and  should  not 
endeavor  to  perform  a  typical  operation,  but  should  suit  each  operation 
to  the  requirements  of  the  case.  The  extent  of  the  incision  should 
vary  with  the  amount  of  bone  to  be  removed.  The  important  struc- 
tures lying  close  to  the  bone  to  be  borne  in  mind  are  the  facial  and 
internal  maxillary  arteries,  the  facial  and  lingual  nerves,  and  the 
submaxillary  and  parotid  glands  and  their  ducts.  Healthy  periosteum 
and  mucous  membrane  should  be  preserved  as  far  as  possible.  Opera- 
tions, removing  the  body  of  the  bone,  require  detaching  from  their  ante- 
rior supports  the  muscles  holding  the  tongue  and  thus  permitting  it  to 
drop  back  upon  the  glottis;  a  suture,  therefore,  should  be  passed  through 
the  tongue  to  hold  it  forward  during  the  operation.  After  the  operation 
as  perfect  a  suture  as  possible  should  be  made,  uniting  the  buccal  mucous 
membrane. 

Resection  of  Half  of  the  Body  of  the  Lower  Jaw  (Fig.  305, 
VWX). — A  median  incision  is  made  from  the  junction  of  the  lower 
lip  and  the  chin  downward  to  a  point  just  below  the  symphysis  under 
the  chin.  It  is  not  necessary  to  divide  the  lip,  although  it  is  commonly 
done.  Another  incision  is  carried  along  beneath  the  jaw  as  far  as  the 
angle.  The  facial  artery  is  ligated  and  the  bone  uncovered.  If  free 
of  disease,  the  mucous  membrane  and  periosteum  are  divided  close 
to  the  teeth,  inside  and  outside,  and  stripped  down  with  an  elevator. 
A  tooth  is  drawn  and  the  jaw  divided  anteriorly  with  a  wire-saw.  The 
side  to  be  removed  is  retracted  forward,  and  the  separation  of  the 
periosteum  and  muscles  completed.  Division  as  far  posteriorly  as 
necessary  is  then  made,  the  bone  is  removed,  and  the  mucous  membrane 
covering  the  defect  is  tightly  sutured  with  the  view  of  preventing 
saliva  entering  the  wound.  The  wound  should  be  closed  with  drainage 
at  its  posterior  part. 

This  operation  may  l>e  done  with  simply  a  vertical  incision  in  the 
middle  line,  or  with  the  horizontal  incision  under  the  jaw  alone,  or 
through  the  mouth  without  any  skin  incision.  In  dividing  the  bone 
it  is  well,  if  possible,  to  make  the  division  a  little  to  one  side  of  the 
median  line,  in  order  to  preserve  the  insertion  of  the  geniohyoglossus 
muscle.  The  incision  to  be  employed  will  depend  much  upon  the 
extent  and  location  of  the  disease  to  be  removed. 

Resection  of  Half  of  the  Body  and  the  Ramus  of  the  Lower 
Jaw  (Fig.  305,  VWXZ). — The  median  incision  is  made  and  contin- 
ued, as  above,  horizontally  along  the  lower  border  of  the  jaw  to  the 
angle,  and  thence  upward  to  the  level  of  the  lobe  of  the  ear,  ending 
short  of  the  main  fibers  of  the  facial  nerve.  The  bone  is  then  uncovered 
through  this  wound,  externally  and  internally,  as  far  as  the  mucous 
membrane.  The  jaw  is  then  divided  anteriorly  and  retracted  outward. 
The  division  of  the  mucous  membrane  and  the  muscles  is  next  accom- 
plished, and  the  inferior  denta!  nerve  divided.     The  ramus  is  denuded 
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of  its  soft  tissues  with  the  elevator,  and,  as  the  jaw  is  forcibly  depressed, 
the  attachment  of  the  temporal  muscle  to  the  coronoid  process  is  divided 
by  means  of  curved  scissors.  A  small  round  retractor  passed  close  to 
the  bone  and  drawn  strongly  upward  protects  the  facial  nerve  from 
being  wounded.  The  head  of  the  bone  is  then  easily  twisted  out  of  the 
glenoid  fossa.  The  internal  maxillary  artery,  lying  close  to  the  neck  of 
the  condyloid  process,  should  not  l)e  injured.  The  closure  of  the  soft 
parts  is  described  above. 

Excision  of  the  Whole  of  the  Lower  Jaw. — This  operation  is 
done  through  an  incision  extending  around  the  border  of  the  jaw 
from  a  point  opposite  the  lobe  of  one  ear  to  the  other.  The  jaw  should 
be  divided  in  the  middle  and  each  half  removed  separately. 

Resection  of  the  alveolar  process  (Fig.  306,  H)  is  accomplished 
without  a  skin  incision  just  as  described  for  the  upper  jaw.  An  effort 
should  always  be  made  to  preserve  the  continuity  of  the  jaw. 

Temporary  Division  of  the  Lower  Jaw  (Fig.  305,  VW).— This 
operation  is  undertaken  when  it  is  desirable  to  render  more  acces- 
sible the  floor  of  the  mouth,  the  palatine  arch,  the  tongue,  the  naso- 
pharynx, and  the  base  of  the  skull.  The  division  may  be  made  laterally 
or  in  the  middle  and  the  bone  segments  retracted. 

The  Median  Operation  (SSdUlot). — An  incision  is  made  in  the 
median  line  and  under  the  chin,  the  point  of  a  narrow  knife  is  then 
passed  behind  the  symphysis  and  brought  out  through  the  frenum  of 
the  tongue  close  to  the  bone.  A  middle  incisor  tooth  is  extracted 
and  the  bone  divided  with  a  wire-saw.  Retractors  may  then  be  used 
to  separate  the  bone  and  give  access  to  the  floor  of  the  mouth,  the 
sublingual  gland,  and  the  tongue.  The  bone  is  united  with  silver 
wire. 

The  Lateral  Operation  {Langenbeck) . — An  incision  passes  downward 
from  the  angle  of  the  jaw  to  the  level  of  the  larynx.  The  details 
of  the  rest  of  the  procedure  are  the  same  as  for  the  median  operation. 
This  gives  access  to  the  posterior  portion  of  the  tongue,  the  palatoglossal 
arch,  the  pillars  of  the  fauces,  and  all  of  the  pharynx. 

Resection  of  a  segment  of  the  lower  jaw  may  be  practised  to  give  a 
larger  opening  than  is  secured  by  either  of  the  above  operations. 

Operations  for  Ankylosis  of  the  Lower  Jaw. — Ankylosis,  due 
to  the  formation  of  scar  tissue  along  the  ramus  of  the  jaw  as  a  result 
of  inflammatory  disease,  is  treated  by  osteotomy  and  the  formation 
of  a  false  joint. 

EsmarcKs  operation  (Fig.  306,  L)  consists  in  the  removal  of  a 
wedge-shaped  piece  of  bone  from  the  portion  of  the  body  lying  just 
in  front  of  the  masse ter  muscle.  This  is  done  through  an  incision 
along  the  lower  border  of  the  jaw.  If  the  adherent  tissue  does  not 
extend  the  full  length  of  the  ramus,  it  is  better  to  make  a  horizontal 
section  of  the  ramus  and  prevent  bony  union  by  constant  motion. 
This  operation  can  be  done  by  a  chisel  passed  through  the  mouth  to 
the  ramus,  or  the  bone  may  be  exposed  by  an  external  incision. 

Excision  of  the  condyle  is  performed  when  the  ankylosis  is  due  to 
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conditions  within  the  joint.  A  vertical  incision  is  made  just  in  front 
of  the  temporal  artery,  beginning  at  the  zygoma  and  ending  above 
the  facial  nerve,  which  emerges  on  a  level  with  the  lobe  of  the  ear. 
This  incision,  if  necessary,  may  be  supplemented  by  a  second  one  at 
right  angles  to  its  upper  end  and  passing  along  the  lower  margin  of  the 
zygomatic  arch.  The  joint  is  opened,  the  neck  of  the  condyle  divided, 
and  the  head  of  the  bone  removed.  The  parotid  gland,  the  internal 
maxillary  artery,  and  the  facial  nerve  should  be  avoided.  Passive 
motion  is  necessary  to  supplement  the  operation,  even  though  it  must 
be  practised  under  an  anesthetic.  Operation  on  both  sides  is  per- 
formed the  same  as  above. 

Prosthetic  Apparatus  to  Remedy  Defects  after  Resection  of 
the  Jaws. — Many  contrivances  have  been  devised  to  correct  defor- 
mities following  removal  of  the  whole  or  parts  of  the  jaw-bone.  The 
most  successful  are  made  of  hard  rubber,  having  approximately  the 
size  and  shape  of  the  bone  removed,  and  carrying  teeth  corresponding 
to  those  missing.  Two  important  problems  confront  the  surgeon — 
the  rapid  contraction  of  the  parts  after  removal  of  the  bone,  and  the 
difficulties  of  retaining  in  place  such  prosthetic  appliances.  The  first 
of  these  is  met  by  the  introduction  of  prosthetic  apparatus  as  early  as 
possible  after  operation,  before  cicatricial  contraction  has  advanced. 
The  perfection  of  this  branch  of  surgery  is  in  the  hands  of  the  prosthetic 
dentists,  who  have  devised  means  for  the  retention  of  these  apparatus. 

Deformities  which  for  some  reason  are  not  remedied  in  this  manner 
may  be  improved,  at  least  so  far  as  the  appearances  of  the  face  go, 
by  the  injection  of  paraffin 
to  fill  out  the  sunken  feat- 
ures. 

Prosthesis  of  the  Upper 
Jaw. — After  resection  of  the 
alveolar  process  a  rubber  den- 
ture, built  up  to  fit  the  jaw, 
serves  most  satisfactorily.  For 
removal  of  the  upper  jaw  the 
dentist  should  make  an  impres- 

f,i  ,1    i     *  Fig.  310. — Plate  with  "Plumper,"  Worn  after 

sion  of  the  mouth  beiore  opera-  resection  of  upper  Jaw. 

tion.     With  this  as  a  guide  he 

should  construct  an  upper  plate  which  should  be  inserted  within  a 
week  after  the  operation.  This  primary  plate  need  not  have  teeth 
upon  it,  but  is  intended  to  keep  the  parts  patent  while  the  wound  is 
cicatrizing  and  the  surfaces  are  becoming  covered  with  epithelium. 
A  permanent  plate  should  be  made,  embodying  any  modifications  for 
comfort  which  the  first  plate  has  suggested,  and  also  supplying  the 
missing  teeth  and,  most  important,  having  on  its  upper  surface  a 
"plumper."  This  "plumper"  is  a  projection  or  protrusion,  built 
upon  the  plate,  to  supply  the  defect  of  the  missing  bone.  It  may  be 
made  as  a  hollowed  depression  on  the  plate.  It  is  not  necessary  that 
it  should  be  large;  indeed,  if  it  is  not  put  in  immediately  after  the 
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operation  there  will  be  but  little  room  to  accommodate  it.  Fig.  310 
shows  a  plate  which  is  worn  by  a  man  whose  upper  jaw  I  removed  a 
year  ago.  Although  this  "  plumper"  is  small,  there  is  scarcely  a  notice- 
able deformity,  and  mastication  is  accomplished  satisfactorily  on  the 
sound  side. 


Fio.  311. — Plate  Worn  after  Removal  of  Both  Upper  Jaws. 

The  greatest  difficulty  is  experienced  after  removal  of  both  upper 
jaws.  Here  it  is  imperative  that  the  prosthesis  should  be  inserted 
early,  as  contraction  is  rapid.  Fig.  311  shows  a  plate  which  is  worn 
by  a  man  from  whom  I  removed  both  upper  jaws  entire,  nine  months 
ago.     This  plate  is  much  narrower  than  the  normal  mouth,  but  still 


Fig.  312. — Interdental  Splint,  to  be  Worn  Immediately  after  Removal  or  Half  of  Lower 

Jaw. 
A,  opening  corresponding  to  bone  removed. 

gives  a  decided  sense  of  tension.  Such  a  device  serves  as  a  septum 
between  the  oral  and  the  nasal  cavities.  It  is  held  by  the  muscles  of 
the  cheeks,  and  may  have  some  front  teeth  added  for  cosmetic  effect. 
Such  plates  may  be  attached  by  springs  to  the  back  teeth  of  the  lower 
jaw. 
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Prosthesis  of  the  Lower  Jaw. — The  defect  in  the  lower  jaw  usu- 
ally requiring  to  be  remedied  is  that  which  follows  resection  of  half  of  the 
body.  This  operation  is  usually  done  when  either  the  teeth  are  absent 
or  the  jaw  is  distorted  by  disease  and  an  "  impression  "  for  reproduction 
cannot  be  made;  however,  the  skilful  dentist  can  take  an  "impres- 
sion" of  the  mouth  and  judge  the  normal  state  of  the  diseased  jaw 
from  the  upper  teeth  of  the  diseased  side  and  from  the  lower  teeth  of 
the  sound  side.  From  this  the  prosthetic  apparatus  is  made.  Before 
the  operation  an  interdental  rubber  splint  should  be  made,  having  a 
defect  at  the  lower  part  representing  the  situation  of  the  bone  to  be 
removed  (Fig.  312).  Food  can  be  taken  through  this  opening.  This 
splint  should  be  inserted  as  soon  as  possible  after  the  operation,  and  the 
jaws  bandaged  together.  The  object  of  the  splint  is  to  keep  the  unop- 
posed remaining  half  of  the  jaw  from  the  inward  displacement  which 
will  inevitably  result  without  it.  This  splint  is  very  important,  and 
after  it  is  applied  the  ordinary  bandage  of  the  jaw  should  hot  be  trusted, 
but  adhesive  strips  should  be  in- 
corporated in  the  bandage  to 
make  it  secure  and  immovable. 
In  a  few  days,  after  the  trau- 
matic irritation  has  subsided,  the 
prosthetic  " plumper"  should  be 
inserted.  The  device  which  has 
been  found  most  serviceable  for 
this  purpose  is  a  modification 
of  that  described  originally  by 
McBurney.21  It  consists  of  a 
hard- rubber  body,  bearing  teeth, 
and  fitting  the  gap  from  which     t,     0  ,    „  „  „ 

^  ,        T,    .  ria.  313. — Prosthesis,  Carrying  Four  Teeth, 

the   OOne  Was  removed.       It  IS  at-  Inserted  after  Removal  ok  Half  ok  the 

tached  at  its  inner  end  to  a  metal- 
lic shaft  or  plate  which  is  fitted  to  lie  against  the  inner  surfaces  of  the 
remaining  teeth  of  the  other  half  of  the  jaw  (Fig.  313).  Offsets  from 
this  shaft  fit  into  the  spaces  between  the  sound  teeth  to  prevent  back- 
ward and  forward  movement.  The  construction  of  this  arm  will  vary 
in  each  case  as  the  ingenuity  of  the  dentist  finds  the  best  means  of 
securing  a  fastening.  Capping  two  teeth  and  constructing  a  bridge 
to  which  the  arm  can  be  articulated  has  proved  practicable.  A  cap, 
fitting  over  a  capped  tooth  in  the  lower  jaw,  and  another  cap  over  the 
back  tooth  in  the  upper  jaw  and  connected  to  the  prosthesis  by  a 
spring,  have  been  successfully  employed  to  hold  the  prosthesis  in  place. 
If  the  ramus  has  been  removed,  the  "plumper"  should  have  added  to  it 
a  short  projection  rounded  at  the  top  to  partly  take  its  place.  This 
whole  apparatus  is  smaller  than  the  bone  removed.  A  better  final 
result  is  often  secured  by  making  an  impression  of  the  defect  and 
constructing  the  "plumper"  after  this  pattern.  It  is  most  expedient 
to  make  the  first  as  a  temporary  "plumper."  without  teeth,  to  be  worn 
until  the  parts  have  become  adapted  to  the  new  conditions,  when  a 
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permanent  one  embodying  the  necessary  modifications  can  be  made. 
The  important  point  is  that  it  should  be  introduced  as  early  as  possible 
and  not  left  out,  for  contraction  which  cannot  be  overcome  quickly 
takes  place.  It  is  also  important  that  such  apparatus  should  be  easily 
removable  for  the  sake  of  cleanliness.  It  is  for  this  reason  that,  where 
the  capping  of  teeth  is  resorted  to,  the  apparatus  should  not  be  fixed 
to  the  permanent  caps,  but  to  caps  which  can  be  slipped  over  them. 
The  artificial  teeth  are  entirely  cosmetic. 

In  cases  in  which  a  section  of  the  jaw  is  removed,  leaving  teeth  on 
either  side  of  the  defect,  the  prosthetic  problem  is  a  much  easier  one. 
Here  the  space  is  filled  with  a  gold  bridge  bearing  a  hard  rubber  body. 
After  removal  of  the  whole  lower  jaw  the  prosthetic  apparatus  must 
be  attached  to  the  back  teeth  of  the  upper  jaw.  Such  an  apparatus 
is  constructed  by  mounting  gold-plated  springs  upon  caps  on  these 
teeth  and  joining  the  false  jaw  to  springs. 

Excision  Of  the  Clavicle. — Excision  of  the  clavicle  is  a  serious 
operation  because  of  the  close  proximity  of  this  bone  to  the  large  vessels 
of  the  neck,  their  tributaries,  and  the  cords  of  the  brachial  plexus. 
Behind  and  below  the  bone  lie  the  innominate,  subclavian,  and  jugular 
veins;  the  subclavian,  suprascapular,  and  internal  mammary  arteries; 
the  cords  of  the  brachial  plexus;  the  pneumogastric  nerve;  and  the 
thoracic  duct.  The  veins  particularly,  lying  so  close  to  the  bone,  are 
prone  to  become  involved  by  the  disease  and  require  excision. 

Operation. — No  rules  can  be  laid  down  for  excision  for  tumor,  as  the 
operation  is  proceeded  with  without  reference  to  the  bone.  When 
excision  for  other  disease  is  practised,  it  is  desirable  to  make  a  sub- 
periosteal operation.  An  incision  is  made  along  the  anterior  margin  of 
the  bone,  exposing  the  affected  parts.  The  periosteum  is  divided  in 
the  same  line.  A  short  incision  is  made  at  right  angles  at  the  end  of 
this  incision.  These  periosteal  flaps  are  turned  up  with  the  elevator 
and  the  separation  continued  as  far  as  possible  around  the  bone.  The 
bone  is  then  divided  and  the  separation  completed. 

When  the  whole  bone  is  to  be  removed  for  necrosis,  the  incision  is 
continued  beyond  its  extremities.  The  periosteum  is  divided  in  the 
same  line  and  separated  from  the  bone  by  the  elevator.  At  the  junc- 
tion of  the  outer  and  middle  thirds  a  wire-saw  is  carefully  carried  around 
the  bone,  or  it  is  divided  with  the  bone-cutting  forceps.  The  inner 
end  of  the  outer  fragment  is  grasped  by  forceps  and  drawn  forward, 
while  it  is  cleared  of  periosteum  posteriorly  and  below.  This  is  removed, 
and  the  inner  segment  is  dealt  with  in  the  same  way.  This  sternal 
segment  lies  over  the  structures  mentioned,  and  much  care  is  advised 
in  its  removal.  The  elevator  and  knife  should  be  kept  close  to  the 
bone.  The  soft  parts  should  not  be  dragged  upon,  and  the  vessels 
should  be  protected  with  a  flat  retractor.  The  wound  should  be  closed, 
according  to  the  rules  laid  down  for  the  operative  treatment  of  osteo- 
myelitis, and  the  arm  put  up  as  in  fracture  of  the  clavicle. 

Excision  of  the  Scapula. — Resection  of  parts  of  the  scapula  must 
meet  the  peculiar  indications  of  each  case;   no  rules  can  be  laid  down. 
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Excision  of  the  whole  bone  is  done  after  the  following  method  (Fig.  314, 

A):  The  patient  lies  on  the  sound  side.     An  incision  is  made  along  the 

spine  and  the  acromion  process.     This  joins  an  incision  made  along  the 

vertebral  border,  which  need  not  be  as  long  as  the  bone.     The  flaps 

are  turned  back,  and  the  muscles  attached  to  the  spine  and  acromion 

are  divided.     The  periosteum  of  the  inner  border  is  divided  between 

the  rhomboideus  and  the  infraspinatus  musclefe,  and  the  infraspinous 

fossa  denuded  of  periosteum,  canying  the  muscle.     If  the  marginal 

cartilage  is  not  completely  ossified,  it  should  be  left  adherent  to  the 

periosteum.     The  supraspinous  fossa  is  then  cleared,  care  being  taken 

not    to    injure    the    suprascapular 

nerve  passing  through  the  notch,  but 

to  raise  it  up  with  the  periosteum. 

The   lower   angle    of    the    bone   is 

freed  by  detaching  the  teres  major 

and   serratus  magnus,  the  bone  is 

lifted   away  from  the   thorax,  and 

the  subscapularis  dissected  off  from 

below  upward.     The  denudation  is 

continued    and   the    bone  is   lifted 

away.     If  the  disease  permit,  it  is 

desirable   to    stop   the    denudation 

at  the  neck  of  the  scapula,  which 

is  divided  with  the  saw.     If  all  of 

the  processes  have  to  be  removed, 

the  joint  should  be  open  from  below 

and    its    ligaments    divided.     The 

acromion  and  coracoid  processes  are 

divided  from  their  attachments  and 

the  bone  removed.     If  possible,  the 

coracoid  process  should  be  preserved 

by  dividing  it  at  its  base  and  leaving 

it  in  place.     The  detached  muscles 

and  periosteum  should  be  anchored 

in  position  with  a  few  stay  sutures. 

Treves  preferred  to  reverse  this  operation  and  divide  the  external 
attachments  first  and  finally  free  the  vertebral  borders.  Velpeau 
made  an  incision  along  the  spine  of  the  scapula,  another  starting  from 
the  anterior  extremity  of  this  and  running  toward  the  root  of  the  neck, 
and  a  third  starting  from  the  same  point  and  running  toward  the 
axilla  behind.  Syme  advised  two  incisions  crossing  near  the  center 
of  the  bone.  The  vessels  requiring  attention  are  the  posterior  scapular, 
the  suprascapular,  and  the  subscapular  arteries. 

Excision  of  the  Head  of  the  Scapula. — When  the  head  of  the 
scapula  is  to  be  resected,  without  operation  on  the  humerus,  the  opera- 
tion is  carried  out  through  a  posterior  incision  extending  from  the  base 
of  the  acromion  process  downward  to  the  posterior  fold  of  the  axilla. 

Resection   of  the   Humerus. — In  operations  upon  the  humerus 


Fig.  314. — Posterior   View  of  Shoulder. 
A,   Excision    of    scapula;    K,   posterior 
skin    incision   for  excision  of  shoulder- j< 
(Kocher). 


•-joint 
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it  is  most  important  to  bear  in  mind  the  position  of  the  musculospiral 
nerve,  which  traverses  its  upper  and  middle  posterior  surface  obliquely 
from  above  downward  and  outward  between  the  external  and  internal 
heads  of  the  triceps,  and  passes  down  the  outer  side  at  the  lower  third 
of  the  arm,  between  the  brachialis  anticus  and  the  supinator  longus. 

Excision  of  the  Head  of  the  Humerus. — (See  Excision  of  Shoulder- 
joint,  p.  775.) 

Excision  of  the  Shaft  of  the  Humerus. — An  incision  is  made  along 
the  posterior  border  of  the  deltoid  and  the  outer  edge  of  the  biceps. 
The  outer  border  of  the  brachialis  anticus  is  discovered  and  followed 
down  to  the  bone.  The  musculospiral  nerve  lies  posterior  to  this,  and 
it  is  wise  to  identify  it  and  draw  it  aside.  To  prevent  shortening  some 
bone  should  be  left,  if  possible. 

Excision  of  the  Lower  Extremittf  of  the  Humerus. — (See  Excision  of 
Elbow,  p.  777.) 

Total  excision  of  the  humerus  is  accomplished  through  a  combination 
of  the  incisions  recommended  for  the  other  parts  of  the  bone. 

Excision  of  the  Ulna. — This  bone  is  quite  superficial  and  easily 
removed.  A  longitudinal  incision  is  made  along  its  posterior  aspect. 
At  the  upper  end  the  incision  should  be  made  obliquely  outward  and 
upward  between  the  triceps  and  anconeus  muscles.  Subperiosteal 
excision  should  be  employed  as  far  as  possible.  The  triceps  is  retracted 
to  the  inner  side  and  the  olecranon  freed.  After  the  bone  is  exposed 
throughout,  the  operation  is  facilitated  if  it  is  divided  in  the  middle 
and  the  halves  removed  separately.  The  posterior  branch  of  the  ulnar 
nerve  passes  back  beneath  the  flexor  carpi  ulnaris  about  2h  inches 
above  the  lower  end. 

Excision  of  the  Radius. — The  incision  in  the  skin  is  made  from  the 
styloid  process  of  the  radius,  along  the  outer  side  of  the  forearms,  to  the 
radiohumeral  articulation.  The  supinator  longus  is  exposed  at  its 
posterior  border  and  the  bone  is  approached  below,  between  it  and 
the  extensor  tendons  of  the  thumb,  and  above,  between  it  and  the  two 
extensores  carpi  radiales.  Coming  down  upon  the  supinator  brevis, 
it  is  divided  longitudinally,  and  the  bone  is  exposed.  The  periosteum 
is  opened  and  detached,  the  bone  divided  in  the  middle,  and  each  half 
separately  removed.  For  excision  of  a  part  of  the  bone,  incision  along 
this  same  line  is  used. 

Excision  of  the  Carpal  Bone.— (See  Excision  of  the  Wrist,  p.  786.) 

Excision  of  the  Metacarpal  Bones.— The  metacarpal  bones  are 
best  exposed  by  longitudinal  dorsal  incision  over  the  bone  to  be 
excised.  This  incision  should  involve  only  the  skin.  The  tendons 
and  their  sheaths  crossing  the  bones  should  be  drawn  aside.  The  bone 
is  exposed,  its  periosteum  divided  longitudinally,  and  stripped  from 
the  bone,  the  bone  should  be  cut  in  two  with  forceps,  and  each  half 
removed,  care  being  taken  not  to  open  the  joints.  Good  results  may 
be  secured  if  the  metacarpophalangeal  joint  is  not  destroyed,  and  if 
long  axis  traction  upon  the  finger  is  maintained  to  prevent  its  retraction 
upward. 
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Excision  of  Phalanges. — The  incision  should  be  made  on  one 
side  or  the  other  of  the  extensor  tendons.  In  the  case  of  a  terminal 
phalanx  the  incision  should  be  made  more  laterally,  and  pass  around 
the  end  of  the  finger,  close  to  the  nail,  in  the  shape  of  a  U.  If  the  per- 
iosteum can  be  preserved  in  the  case  of  young  persons  and  extension 
maintained,  excision  of  the  phalanges  is  indicated,  but  otherwise  ampu- 
tation is  to  be  preferred,  except  in  the  case  of  the  thumb,  and  here 
excision  is  always  to  be  preferred,  even  though  the  periosteum  cannot 
be  preserved. 

Resection  of  Vertebrae. — (See  chapters  on  the  Stirgery  of  the  Spine 
and  on  Orthopedic  Surgery,  Vol.  II.,  pp.  870  and  490.) 

Resection  of  the  Bones  of  the  Pelvis.— No  rules  for  incision  can 
be  given  for  resection  of  the  pelvic  bones.  Commonly  but  a  portion 
of  a  bone  requires  resection,  and  this  is  best  reached  by  incision  over 
the  disease.  The  whole  of  certain  pelvic  bones  has  been  removed. 
Oilier  removed  the  ascending  ramus  of  the  ischium  and  most  of  the  pubic 
bone  through  an  incision  4  inches  long,  extending  from  the  genitocrural 
fold  toward  the  pubes.  N£laton  did  an  excision  of  the  whole  ilium 
with  good  results.  For  removal  of  the  ilium  the  incision  should  follow 
the  crest,  and  at  the  anterior  superior  spine  turn  downward  and  back- 
ward toward  the  back  of  the  great  trochanter.  The  periosteum  is 
divided  along  the  crest  and  separated  from  the  iliac  fossa  and 
externally.  The  separation  may  be  carried  as  far  as  necessary  and 
the  bone  removed. 

Excision  of  the  Coccyx. — This  operation  is  done  for  coccygodynia 
for  injury  of  the  coccyx,  to  facilitate  approach  to  the  rectum,  and 
for  imperforate  anus.  An  incision  is  carried  in  the  median  line  from 
the  tip  of  coccyx  to  its  base,  a  finger  in  the  rectum  determining  the 
exact  position  of  the  bone.  In  fat  persons  this  incision  may  be  sup- 
plemented by  a  transverse  incision  at  its  upper  end.  The  bone  is 
denuded  posteriorly  and  laterally,  the  sacrococcygeal  joint  opened,  the 
bone  separated  from  the  sacrum,  the  upper  end  grasped  by  the  forceps, 
and  the  bone  drawn  out  while  its  anterior  attachments  are  divided. 

Resection  of  the  Femur. — Resection  of  a  portion  of  the  shaft  of 
the  femur  is  done  for  necrosis.  (See  Operations  for  Osteomyelitis,  p.  735.) 
The  bone  is  best  approached  on  the  outer  side  through  a  longitudinal 
incision.  The  bone  is  reached  between  the  vastus  externus  and  the 
short  head  of  the  biceps.  The  muscles  are  strongly  retracted,  the 
periosteum  stripped  back  as  far  as  possible,  and  the  desired  segment 
removed.  If  there  is  no  involucrum,  in  the  case  of  adults  the  two 
ends  must  be  brought  together  and  secured;  in  the  case  of  children, 
extension  should  be  made  with  the  hope  of  bone  developing  from  the 
intervening  periosteum. 

Disease  of  the  lower  extremity  of  the  femur,  with  sinuses  in  the 
popliteal  region,  is  best  reached  by  lateral  incision  passing  down  to  the 
bone  in  the  course  of  the  intermuscular  septum.  The  posterior  aspect 
of  the  bone  is  easily  reached  in  this  manner,  and  the  popliteal  struc- 
tures left  posteriorly  to  the  field  of  operation. 
vol.  v — 49 


770  OPERATIONS    ON    BONES    AND    JOINTS. 

Resection  of  the  Tibia. — This  operation  is  done  usually  for 
necrosis  following  osteomyelitis  or  compound  fracture.  The  location 
of  sinuses  should  govern  the  place  of  approach,  although  it  is  most 
desirable  to  uncover  the  bone  by  a  longitudinal  incision  just  in  front 
of  its  inner  border,  avoiding  the  internal  saphenous  nerve.  When  the 
posterior  surface  is  to  be  reached,  the  incision  should  run  along  the 
inner  border  of  the  bone,  and  when  the  external  surface  is  to  be  reached, 
the  incision  should  be  made  just  external  to  the  anterior  border.  The 
periosteum,  having  been  divided  longitudinally,  should  be  elevated. 
As  sound  bone  is  approached  above  and  below,  in  stripping  back  the 
periosteum,  it  is  well  to  divide  it  .transversely  in  order  to  save  stripping 
it  from  the  healthy  part  of  the  bone. 

When  a  gap  of  less  than  2  inches  exists  after  the  removal  of  frag- 
ments following  compound  fracture,  a  similar  length  may  be  resected 
from  the  fibula.  If  the  gap  is  a  larger  one,  an  osteoplastic  operation 
is  better.  (See  Osteoplastic  Operations,  also  Operations  for  Osteomyelitis, 
pp.  747  and  735.) 

Resection  of  the  Fibula.— The  fibula  is  subcutaneous  at  its 
upper  and  lower  extremities;  the  shaft  is  covered  with  muscle.  In 
excision  of  the  upper  end  care  should  be  taken  not  to  wound  the  peroneal 
nerve  or  to  open  the  tibiofibular  joint,  which  usually  communicates 
with  the  knee-joint.  The  nerve  passes  down  along  the  posterior  border 
of  the  tendon  of  the  biceps,  which  is  inserted  into  the  head,  and  passes 
forwrard  along  the  outer  side  of  the  neck  of  the  bone.  Before  operating 
on  the  upper  extremity  of  the  bone  it  is  well  to  locate  and  mark  the 
position  of  the  nerve  before  the  patient  is  anesthetized. 

Resection  of  the  upper  extremity  of  the  fibula  is  done  through  a 
longitudinal  incision,  begun  1  inch  above  the  head,  at  the  posterior 
border  of  the  tendon  of  the  biceps,  and  carried  downward  as  far  as 
necessary  behind  the  bone  in  the  space  between  the  soleus  and  the 
peroneus  longus  muscles,  with  the  view  of  leaving  the  peroneal  nerve 
to  the  outer  side.  In  removing  the  bone  a  shell  bearing  the  articular 
surface  should  be  left,  in  order  to  avoid  opening  the  joint.  In  removal 
of  the  whole  shaft  of  the  fibula  the  bone  must  be  approached  in  two 
different  planes  of  muscles,  one  above  and  one  below7,  and  divided  in 
the  middle,  and  each  half  removed  separately.  Resection  of  the 
lower  end  is  described  under  Resection  of  the  Ankle-joint. 

Excision  of  the  Tarsal  Bones.— Excision  of  the  bones  of  the 
foot  for  disease  cannot  often  be  done  as  a  typical  operation  because  of 
the  peculiarities  of  each  case.  All  the  disease  should  be  removed,  all 
of  the  healthy  bone  should  be  left — is  the  principle  to  guide  the  sur- 
geon. The  character  and  extent  of  the  operation  must  depend  upon  the 
nature  of  the  disease  and  the  age  and  condition  of  the  patient.  The 
bones  most  commonly  requiring  operation  are  the  calcaneum  and  the 
astragalus.  Subperiosteal  excisions  should  be  practised,  if  possible. 
It  should  be  borne  in  mind  that  disease  of  these  bones  commonly  starts 
in  the  calcaneum,  then  involves  the  calcaneo-astragaloid  joint,  and  then 
the  astragalus. 
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Excision  of  the  Calcaneum. — Pains  should  be  taken  to  leave 
all  healthy  bone  and  periosteum.  In  the  subperiosteal  operation  of 
Oilier  (Fig.  325,  A)  the  patient  lies  on  the  sound  side  and  the  inner 
side  of  the  foot  rests  upon  the  sand  pillow.  The  skin  incision  begins 
at  the  outer  border  of  the  tendo  Achillis,  about  1  inch  higher  than  the 
tip  of  the  external  malleolus.  This  incision  is  continued  down  along 
the  outer  border  of  the  tendon  below  the  outer  tubercle  of  the  calcaneum, 
around  which  it  curves,  and  is  then  made  to  pass  forward  and  slightly 
upward  to  the  upper  part  of  the  base  of  the  fifth  metatarsal  bone. 
The  edge  of  the  tendo  Achillis  and  the  plantar  muscle  are  exposed. 
The  bone  is  then  uncovered  in  the  line  of  the  incision,  care  being  taken 
not  to  divide  the  tendon  of  the  peroneal  muscles.  This  incision  follows 
pretty  closely  the  posterior  and  inferior  contour  of  the  bone.  The 
periosteum  is  then  elevated,  carrying  with  it,  if  necessary,  the  tendo 


Fia.  315. — A,  Excision  of  astragalus,  external  incisions  (see  Fig.  316,  A);  B,  excision  of  ankle-joint, 
external  incision  (see  Fig.  316,  B)',  F,  excision  of  calcaneum  (Farabeuf). 

Achillis.  The  peroneal  tendons  are  drawn  aside,  the  external  lateral 
ligament  detached,  and  the  exposure  continued  to  the  desired  extent. 
If  the  whole  bone  is  to  be  removed,  the  calcaneocuboid  and  calcaneo- 
astragaloid  joints  are  opened;  the  interosseous  ligament  is  divided  with 
a  long  straight  bistoury.  The  bone  is  then  grasped  with  the  lion-jaw 
forceps  and  rotated  downward,  the  calcaneo-astragaloid  joint  is  further 
opened,  and  the  internal  lateral  ligaments  detached.  The  sheath  of 
the  flexor  longus  hallucis  is  opened  in  the  operation. 

Resection  of  the  posterior  portion  of  the  bone  is  more  simple.  The 
incision  is  not  carried  so  far  forward,  the  periosteum  is  elevated,  and 
the  diseased  segment  cut  out  with  the  saw  or  chisel. 

Farabeuf  s  Operation  (Fig.  315,  F). — The  patient  lies  in  the  above- 
described  position.  An  incision  is  carried  from  the  base  of  the  fifth 
metatarsal  bone,  on  the  outer  border  of  the  foot,  backward  and  around 
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the  heel,  and  ends  about  1{  inches  to  the  inner  side  of  the  middle  of  the 
heel.  This  is  met  by  a  vertical  incision  2  inches  in  length,  just  in  front 
of  the  outer  border  of  the  tendo  Achillis.  These  incisions  are  deepened 
and  two  flaps  turned  up,  care  being  taken  not  to  wound  the  peroneal 
tendons  which  lie  under  the  anterior  flap.  The  periosteum  is  incised 
vertically  behind  the  peroneal  tendons  and  horizontally  in  front  of 
them.  The  periosteum  with  the  attached  ligaments  is  elevated  from 
the  bone  as  far  as  possible,  including  the  tendo  Achillis.  By  retracting 
the  flaps  most  of  the  bone  can  be  denuded,  and  the  interosseous  liga- 
ment divided.  The  anterior  part  is  then  grasped  with  lion-jaw  forceps 
and  abducted.  As  this  is  done  the  periosteum  is  elevated  from  the 
inner  surface  and  the  bone  removed. 

Excision  of  the  Astragalus. — This  operation  is  done  for  necrosis 
or  caries,  and  as  a  step  in  excision  of  the  ankle.     It  is  no  longer  done 


Fig.  316. — A,  Excision  of  the  astragalus,  internal  incision  (see  Fig.  315,  A);  B,  excision  of  the  ankle- 
joint,  internal  incision  (see  Fig.  315,  B);  C,  excision  of  first  metatarsal  bone. 


for  fracture  and  dislocation,  unless  necrosis  makes  it  necessary.  When 
removal  of  a  fractured  or  dislocated  segment  of  the  bone  is  required,  it 
is  usually  reached  best  over  the  most  prominent  part.  Comminuted 
fragments  may  be  reached  through  an  incision  between  the  extensor 
tendons  of  the  first  and  second  toes. 

For  complete  removal  of  the  bone  the  following  operations  are 
done  (Fig.  315,  A;  Fig.  316,  A):  The  patient  lies  upon  the  back  with 
the  foot  extending  beyond  the  end  of  the  table,  or  the  lower  third 
of  the  leg  supported  by  the  sand  pillow.  An  outer  incision  2£  inches 
long  is  begun  just  above  the  lower  articular  margin  of  the  fibula,  and 
pusses  downward  in  front  of  the  external  malleolus,  just  posterior  and 
parallel  to  the  tendon  of  the  peroneus  tertius.  To  this  incision  is 
added  another  at  right  angles  from  its  middle,  wrhich  passes  backward 
and  downward  and  ends  just  below  the  tip  of  the  outer  malleolus. 
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The  two  right-angle  flaps  are  turned  back  and  the  bone  is  exposed 
between  the  tendons  of  the  peroneus  tertius  and  the  peroneus  brevis. 
The  foot  is  then  extended  and  inverted,  the  tendons  retracted,  and  the 
ligaments  connecting  the  bone  to  the  tibia,  fibula,  calcaneum,  and 
scaphoid  are  divided  as  far  as  possible.  An  inner  incision  2  inches 
long  is  then  made,  beginning  at  the  tip  of  the  inner  malleolus,  and 
curved  upward  and  forward  just  in  front  of  the  anterior  margin  of  the 
malleolus.  Through  this  incision  the  remaining  ligaments  holding  the 
bone  are  divided.  With  the  foot  extended  and  inverted,  the  surgeon 
now  grasps  the  bone  through  the  outer  wound  with  the  lion-jaw  forceps 
and  wrenches  it  out.  Verneuil  recommends  sawring  through  the  neck 
of  the  bone  and  first  removing  the  head. 


Fia.  317. — Osteoplastic  Excision  of  the  Heel  and  Ankle.    (Mikulicz.) 
ab,  Skin  incision;  c  and  d,  lines  of  the  division  of  the  bones;  e,  postoperative  result. 


The  operation  of  Oilier  (Fig.  325,  B)  consists  in  a  curved  incision 
across  the  front  of  the  ankle,  beginning  on  the  inner  side  at  the  point 
at  which  the  tendon  of  the  tibialis  anticus  crosses  the  tibiotarsal 
articulation,  and  passing  forward  to  the  middle  of  the  scaphoid,  and 
then  back  to  just  below  the  external  malleolus.  This  flap  is  turned  up, 
exposing  the  tendons,  which  are  lifted  out  of  their  sheaths  and  retracted. 
The  extensor  brevis  muscle  is  detached  at  its  origin,  the  ligaments  are 
divided,  the  foot  inverted,  and  the  bone  twisted  out. 

Excision  of  Astragalus  and  Calcaneum. — Osteoplastic  excision 
of  the  heel  and  ankle,  Mikulicz  (Fig.  317).  An  incision  is  carried 
from  a  point  just  in  front  of  the  tubercle  of  the  scaphoid  bone  trans- 
versely across  the  sole  of  the  foot  to  a  point  just  behind  the  fifth  meta- 
tarsal bone.     From  each  end  of  this  incision  incisions  are  carried 
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upward  and  backward  to  points  just  above  the  two  malleoli.  These 
two  last  incisions  are  joined  at  their  upper  ends  by  a  transverse  incision 
passing  around  the  back  of  the  ankle.  All  of  these  cuts  are  carried 
down  to  the  bone.  The  lateral  ligaments  of  the  ankle  are  then  divided, 
and  the  calcaneum  and  astragalus  dissected  out.  The  malleoli  with 
the  articular  surface  of  the  tibia  are  then  sawed  off  transversely,  and 
likewise  the  posterior  articular  surfaces  of  the  cuboid  and  scaphoid 
bones.  The  cut  surfaces  of  the  two  tarsal  bones  are  then  brought  up 
into  apposition  with  the  cut  surfaces  of  the  leg  bones  and  sutured. 
As  a  result  of  this  operation  the  weight  of  the  body  is  borne  upon  the 
distal  ends  of  the  metatarsal  bones,  the  toes  being  extended. 

Excision  of  Metatarsal  Bones. — The  incisions  for  removal  of 
these  bones  correspond  to  those  employed  in  the  hand.  Every  effort 
should  be  made  to  preserve  the  anterior  extremity  of  the  first  meta- 
tarsal bone,  as  it  constitutes  the  main  anterior  support  of  the  arch  of 
the  foot.  Likewise  the  importance  of  the  great  toe  in  walking  should 
be  remembered. 

Excisions,  Resections,  and  Erasions  of  the  Larger  Joints. — 
"Complete  excision"  of  a  joint  means  the  removal  of  the  articular  ends 
of  the  bones  which  enter  into  the  composition  of  the  joint.  "Partial 
excision''  means  the  removal  of  the  articular  surfaces  of  one  or  more, 
but  not  all,  of  the  principal  bones  entering  into  the  joint.  The  term 
"resection"  is  applied  to  the  removal  of  the  entire  thickness  of  a  bone. 
Excisions  of  joints  are  done  for  destructive  disease,  infective  disease  (to 
stop  its  progress),  old  unreduced  dislocations,  ankylosis  in  faulty  posi- 
tion, and  to  secure  greater  mobility  in  stiff  or  ankylosed  joints.  Era- 
sion  or  arthrectomy  means  removal  of  the  synovial  membrane,  and  is 
practised  in  intractable  infective  synovitides  and  in  the  early  stages 
of  many  of  the  diseases  for  which  excision  may  be  required.  (See 
Arthrectomy,  p.  746.)  Excisions  in  children,  removing  the  epiphysis, 
stop  the  normal  growth  of  the  limb.  Fortunately,  this  operation  for 
inflammatory  disease  has  been  much  superseded  in  the  last  few  years 
by  more  conservative  measures,  the  old  dependence  upon  drugs  in  the 
treatment  of  tuberculosis  of  bones  and  joints  having  been  replaced  by 
the  restoration  of  the  patient  to  normal  hygienic  conditions — pure 
air  and  simple,  nourishing  food.  For  adults,  too,  the  operative  treat- 
ment of  chronic  inflammatory  diseases  of  joints  has  been  minimized 
by  the  application  of  Bier's  method  of  passive  congestion.  These 
advances  in  surgery,  together  writh  the  improvements  in  the  treatment 
of  fractures  and  dislocations  and  the  employment  of  arthrectomy, 
have  made  less  frequent  the  systematic  resections  and  excisions  once 
practised  so  freely  in  the  early  days  of  the  antiseptic  era. 

In  excisions  the  main  blood-vessels  and  nerves  must  carefully  be 
guarded.  When  excision  is  done  to  secure  ankylosis,  the  division  of 
tendons  and  muscles  is  of  little  moment,  but  when  mobility  is  hoped 
for,  the  conservation  of  these  structures  is  imperative.  The  division  of 
a  tendon  or  muscle  which  is  to  be  preserved  should  be  made  obliquely 
to  facilitate  its  subsequent  suturing.     In  sawing  off  the  articular  end 
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of  a  bone  it  is  well  to  make  a  "conservative  section";  that  is,  to  remove 
as  little  as  possible,  and  then  use  the  curette  or  gouge  to  complete  the 
eradication  of  the  disease. 

The  total  extirpation  of  joints  without  opening  the  synovial  sac 
can  be  practised  with  success  in  the  case  of  the  knee-,  ankle-,  elbow-, 
and  shoulder-joints,  and  the  smaller  joints  of  the  hand  and  foot.  The 
operation  has  little  to  recommend  it,  and  presents  the  decided  objection 
of  removing  the  joint  without  an  opportunity  of  previously  inspecting  it. 

Arthrodesis  (the  artificial  production  of  ankylosis)  is  practised 
chiefly  upon  the  hip-  and  ankle-joints  to  improve  the  usefulness  of  the 
lower  extremity  in  cases  of  paralytic  relaxation  and  loss  of  control  of 
the  joint.  Kofmann22  has  em- 
ployed it  in  the  treatment  of 
paralytic  hip-joint  luxation.  It 
is  of  special  service  in  perma- 
nent paralysis  of  the  leg  muscles 
controlling  the  ankles.  The 
operation  consists  in  opening 
the  joint  by  means  of  the  inci- 
sions described  under  Excision 
of  Joints  (p.  769),  thoroughly 
curetting  the  articular  cartilages, 
applying  pure  liquid  phenol  to 
all  of  the  articular  and  synovial 
surfaces,  washing  out  with  alco- 
hol, cleansing  with  saline  solu- 
tion, closing  the  wounds  without 
drainage,  and  immobilizing  in 
the  desired  position.  The  im- 
mobilization should  be  complete 
and  continue  for  six  to  eight 
weeks. 

Excision  of  the  Shoulder-joint. — This  operation  is  usually  a  par- 
tial excision,  as  only  the  head  of  the  humerus  is  removed.  Removal 
of  the  head  of  the  scapula  is  rarely  required;  when  diseased,  it  can 
usually  be  treated  with  the  gouge  or  curette. 

Excision  through  an  Anterior  Incision  (Oilier)  (Fig.  318,  A). — The 
patient  lies  upon  his  back  close  to  the  edge  of  the  table  with  the  shoulder 
somewhat  raised.  The  arm  is  slightly  abducted.  The  surgeon  stands 
facing  the  patient,  the  first  assistant  stands  above  the  shoulder,  beside 
the  patient's  head,  facing  the  operator.  An  incision  4  inches  long 
commences  at  the  outer  side  of  the  tip  of  the  coracoid  process  and  is 
carried  downward  and  slightly  outward,  following  the  direction  of  the 
anterior  margin  of  the  deltoid  muscle.  This  incision  is  carried  down 
to  the  joint.  The  capsular  ligament  is  opened  just  to  the  outer  side 
of  the  tendon  of  the  long  head  of  the  biceps,  and  the  incision  carried 
down  to  the  humerus.  The  periosteum  and  capsular  ligaments  are  then 
elevated  from  ^his  line  outward  as  far  as  possible  while  an  assistant 


Fig.  318. — Excision  of  the  Shoulder-joint. 

A,  Anterior  incision  (Oilier);  B,  vertical  incision 
(Langenbeck);  S,  curved  incision  for  osteoplastic 
excision  (Senn). 
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rotates  the  arm  inward.  The  periosteum,  bearing  the  insertion  of 
muscles  into  the  greater  tuberosity,  is  separated.  The  tendon  of  the 
biceps  is  then  lifted  out  of  the  way,  the  arm  rotated  outward,  and  the 
periosteum  and  capsule  elevated  toward  the  axilla.  The  insertion  of 
the  subscapularis  is  elevated  or  dissected  off  with  the  periosteum. 
If  the  tuberosities  are  not  diseased,  the  tendinous  insertions  may  be 
more  surely  preserved  by  elevating  a  thin  shell  of  bone  with  the 
periosteum  by  means  of  the  chisel.  The  head  of  the  humerus  is  then 
dislocated  forward  through  the  wound,  the  elevation  of  periosteum 
from  the  posterior  surface  completed,  and  the  head  of  the  bone  sawed 
off.  Any  disease  of  the  glenoid  fossa  is  dealt  with.  Drainage,  if  neces- 
sary, is  secured  through  a  small  opening  made  posteriorly. 

If  this  subperiosteal  operation  cannot  be  done,  the  muscles  are 
simply  divided  from  the  bone  without  preserving  their  attachments. 
If  only  the  articular  head  is  to  be  removed,  the  division  can  be  made  at 
the  anatomic  neck  with  the  key-hole  saw,  wire  saw,  or  chisel,  without 
lifting  the  bone  out  of  the  wound.  Early  and  persistent  passive 
motion  should  be  practised. 

Excision  by  the  Deltoid  Flap. — The  incision  begins  just  below  the 
tip  of  the  acromion  process,  passes  downward  and  curves  outward 
across  the  arm  about  2  inches  below  the  top  of  the  lesser  tuberos- 
ity, then  backward  and  upward  to  the  top  of  the  greater  tuberosity. 
This  operation  has  the  great  disadvantage  that  it  divides  the  deltoid 
muscle,  which,  however,  can  be  sutured.  Its  only  advantage  is  that 
it  gives  a  more  free  approach  to  the  joint. 

Excision  through  a  Vertical  Incision  (Langenbeck)  (Fig.  318,  B). 
— The  arm  being  rotated  inward,  the  incision  begins  above  at  the 
anterior  border  of  the  acromion,  just  outside  of  the  acromioclavicular 
joint,  and  passes  downward  about  4  inches  in  the  line  of  the  bicipital 
groove.  The  incision  is  carried  down  through  the  deltoid  muscle  to 
the  tendon  of  the  biceps.  The  sheath  is  split,  the  tendon  retracted, 
and  the  joint  opened  through  the  sheath.  The  periosteum  and  capsule 
are  elevated,  first  on  the  inner  side  and  then  on  the  outer  side,  the 
knife  being  used  to  separate  these  structures  from  the  bone  over  the 
tuberosities.  The  operation  is  proceeded  with  as  through  the  anterior 
incision.  This  incision  has  little  to  recommend  it,  as  it  destroys  some 
of  the  nerve-fibers  to  the  deltoid  and  approaches  the  joint  through 
the  thickness  of  the  muscle. 

Excision  by  a  Transverse  Incision  (Nelaton). — An  incision  3£  inches 
long  is  made  A  inch  below  the  edge  of  the  acromion  and  parallel  to  it, 
having  its  anterior  end  between  the  acromion  and  coracoid  processes. 
The  deltoid  is  divided  through  this  incision  and  the  joint  freely  exposed. 
The  capsule  is  opened  along  the  outer  side  of  the  biceps  tendon  and 
also  transversely. 

Excision  by  Division  of  the  Acromion  through  a  Posterior  Incision 
(Fig.  314,  K). — Kocher  carries  a  curved  incision  from  the  acromio- 
clavicular joint  (which  he  opens)  backward  over  the  shoulder,  along 
the  acromion  to  its  root,  severing  the  trapezius,  and  from  there  downward 
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to  the  posterior  fold  of  the  axilla,  ending  about  1}  inches  above  the  lower 
border  of  the  deltoid.  The  infraspinatus  and  supraspinatus  muscles 
are  separated  from  the  acromion,  and  the  process  divided  at  its  junction 
with  the  spinous  process.  The  acromion  with  its  attached  deltoid  is 
pressed  over  the  head  of  the  humerus.  The  joint  is  then  opened  along 
the  line  of  the  bicipital  tendon.  The  tendon  is  retracted  forward  and 
the  external  rotators  retracted  backward.  This  exposes  the  head  of 
the  bone  for  such  treatment  as  may  be  required.  The  acromion  is 
sutured  back  in  place. 

Excision  by  a  Curved  Osteoplastic  Incision  (Senn)  (Fig.  318,  S). — 
An  incision  is  begun  at  the  coracoid  process,  curved  gently  downward 
and  outward  below  the  greater  tuberosity,  thence  curving  upward  and 
backward  the  same  distance,  ends  at  the  spine  of  the  scapula.  The  semi- 
lunar flap  thus  formed  is  dissected  up  so  as  to  expose  well  the  acromion. 
The  saw  is  applied,  the  acromion  divided,  and  the  fragment  reflected 
downward  with  its  deltoid  connection.  The  capsule  of  the  joint  is 
opened  and  the  disease  dealt  with.  The  operation  is  completed  by 
suturing  the  acromion  back  in  place  with  chromic  gut  sutures  and 
closing  the  wound  with  or  without  drainage. 

Excision  of  the  Elbow-joint. — One  of  two  results  should  be  aimed 
for  in  this  operation :  the  most  useful  possible  movable  joint,  or  ankylosis 
in  flexion  at  an  angle  of  135°.  While  the  former  result  should  be  striven 
for,  usually  ankylosis  is  preferable  to  a  very  loose  joint.  Complete 
excision  is  usually  performed,  for  the  reason  that  ankylosis  is  less  apt 
to  occur  if  all  of  the  articular  surfaces  are  removed.  In  typical  excision 
the  humerus  is  sawn  through  at  the  epicondyles,  the  ulna  at  the  base  of 
the  coronoid  process,  and  the  radius  at  its  neck.  More  than  this  must 
often  be  removed.  Whenever  possible  all  of  the  olecranon  except  its 
articular  surface  should  be  saved.  When  this  can  be  done,  the  strong 
extensor  attachment  of  the  triceps  is  retained.  It  is  also  most  impor- 
tant to  retain  the  attachment  of  the  brachialis  anticus  to  the  ulna  and 
the  bicipital  attachment  of  the  radius.  The  posterior  aspect  of  the  joint 
is  superficial,  the  important  vessels  and  nerves,  excepting  the  ulnar 
nerve,  all  lying  anteriorly.  The  ulnar  nerve,  which  passes  behind  the 
internal  condyle,  lies  along  the  inner  side  of  the  olecranon.  Excision 
through  the  H-incision  has  been  superseded  by  the  method  of  the  simple 
lateral  incision  on  the  radial  side.  After  excision,  if  a  movable  joint 
is  aimed  for,  the  arm  should  be  put  up  on  a  splint  with  the  elbow  flexed 
at  an  angle  of  135°;  that  is,  an  angle  midway  between  complete  exten- 
sion and  right-angle  flexion.  The  forearm  should  be  midway  between 
pronation  and  supination,  the  thumb  directed  upward.  Passive 
motion  should  be  begun  in  about  a  week  after  operation. 

Excision  by  the  Radial  Incision  (Oilier)  (Fig.  319,  B). — This  is 
called  the  "bayonet  incision."  The  patient  lies  upon  the  back  close 
to  the  edge  of  the  table.  The  upper  arm  should  be  held  in  a  vertical 
position,  the  forearm  slightly  flexed  and  carried  across  the  patient's 
chest.  In  operating  on  the  right  arm  the  surgeon  should  stand  by  the 
patient's  loins,  and  in  operating  on  the  left  arm  he  should  stand  a 
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little  away  from  the  patient's  side.  An  incision  is  begun  2  inches 
above  the  upper  end  of  the  olecranon  process  on  the  outer  side  of  the 
arm  opposite  the  space  between  the  supinator  longus  and  the  triceps; 
that  is,  about  1J  inches  above  the  external  epicondyle.  The  incision 
is  carried  directly  downward,  parallel  with  the  long  axis  of  the  humerus, 
to  the  epicondyle;  thence  downward  and  inward  to  the  middle  of  the 
outer  side  of  the  olecranon;  and  thence  again  downward  over  the  back 
of  the  olecranon  and  shaft  for  1  or  2  inches.  This  is  a  skin  incision, 
but  over  the  ulna  it  goes  down  to  the  bone.  The  capsule  of  the  joint 
is  exposed  by  separating  the  triceps  on  the  inner  side  and  the  supinator 
longus,  extensor  radialis  longior,  and  anconeus  on  the  outer  side. 
The  capsule  is  opened,  the  lower  end  of  the  humerus  exposed,  and  the 


Fio.  319. — Excision  of  Elbow-joint. 

B,  Radial   incision  (Oilier);  L,  median  incision 

(Langenbeck). 


Fig.  320. — Excision  op  Elbow-joint. 

N,   Right   angular  incision    (Neiaton);   H,  T, 

long  external  and  short  internal  incisions. 


periosteum  and  capsular  ligament  divided  about  the  outer  edge  of  the 
articular  surface  and  the  muscular  attachments  elevated  with  the  per- 
iosteal elevator.  The  periosteum  of  the  ulna,  carrying  with  it  the  tendon 
of  the  triceps,  is  next  elevated,  beginning  at  the  outer  edge  of  the  articu- 
lar surface.  The  external  tuberosity  of  the  humerus  and  the  condyle 
are  next  denuded,  the  periosteum  carrying  with  it  the  muscular  and 
ligamentous  attachments.  The  joint  is  then  flexed,  the  lower  end  of  the 
humerus  dislocated  into  the  wound,  the  separation  of  periosteum 
completed,  and  the  lower  end  of  the  bone  sawn  off  from  one  epicondyle 
to  the  other.  The  head  of  the  radius  is  removed,  and,  after  the  com- 
pletion of  the  denudation  of  the  ulna,  the  upper  end  is  sawn  trans- 
versely through. 
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Excision  by  the  Posterior  Median  Incision  (Langenbeck)  (Fig.  319, 
L). — The  patient  lies  as  in  the  above  operation.  A  skin  incision 
about  4  inches  long,  crossing  the  back  of  the  joint,  is  made  in  the 
direction  of  the  long  axis  of  the  forearm,  beginning  2  inches  below  the 
top  of  the  olecranon,  following  the  posterior  border  of  the  ulna  and 
passing  upward  across  the  center  of  the  olecranon  depression  of  the 
humerus.  The  knife  bisects  the  triceps  tendon  and  passes  directly 
down  to  the  bone.  The  joint  is  opened  in  the  same  line  and  the  parts 
retracted.  First  the  inner  half  of  the  triceps  tendon  is  elevated  with  the 
periosteum  from  the  olecranon.  The  periosteum  is  then  divided  at  the 
inner  side  of  the  articular  surface  of  the  humerus  and  the  inner  condyle 
is  cleared.  If  the  elevator  is  kept  close  to  the  bone,  the  periosteum 
with  the  attached  muscles  may  be  lifted  away  from  the  bone  and  the 
ulnar  nerve  not  injured.  The  internal  lateral  ligaments  are  also 
detached  in  the  same  way.  The  same  process  is  applied  to  the  outer 
side.  When  the  outer  condyle  is  reached  strong  retraction  is  necessary, 
and  care  must  be  given  to  keep  close  to  the  bone  lest  the  posterior 
interosseous  nerve  be  injured.  The  joint  is  now  strongly  flexed,  the 
lower  end  of  the  humerus  extruded  through  the  wound,  cleared  of  its 
attachments  as  high  as  is  necessary,  the  articular  surface  grasped  with 
lion-jaw  forceps,  and  sawed  through  transversely  just  below  the  tips 
of  the  epicondyles.  With  the  joint  in  the  same  position  the  upper 
ends  of  the  ulna  and  radius  are  made  to  protrude  through  the  wound, 
the  soft  parts  are  retracted,  and  the  upper  end  of  the  ulna  sawed  off 
horizontally,  carrying  with  it  all  of  the  articular  surface  and  leaving 
as  much  of  the  coronoid  process  as  possible.  The  upper  end  of  the 
radius  is  sawed  off  at  the  same  time. 

Excision  by  the  Right  Angular  Incision  (NSlaton)  (Fig.  320,  N). — 
A  longitudinal  incision  3  inches  long  is  made  on  the  outer  side  of  the 
joint,  beginning  on  the  outer  side  of  the  humerus  about  1£  inches 
above  the  tip  of  the  olecranon,  and  carried  down  behind  the  outer  con- 
dyle to  a  point  just  posterior  to  the  neck  of  the  radius.  From  the 
lower  end  of  this  incision  a  second  cut  is  carried  inward  at  a  right  angle 
across  the  back  of  the  ulna.  The  triangular  flap,  including  the  per- 
iosteum of  the  ulna,  is  dissected  up.  Kocher  makes  this  incision  in  a 
J-curve.  The  external  ligaments  are  divided  and  the  head  of  the  radius 
is  removed.  The  denudation  of  the  ulna  is  completed  and  the  bone 
sawed  across.  The  humerus  is  projected  through  the  wound  and 
treated  as  above  described.  This  operation  can  only  be  recommended 
when  the  periosteum  of  the  ulna  is  not  divided  transversely,  but  along 
the  outer  border  of  the  olecranon,  and  elevated  with  the  tendon  of  the 
triceps,  as  in  the  first  operation  described. 

Excision  by  the  Long  External  and  Short  Internal  Incisions  (Hueter) 
(Fig.  320,  H,  T). — A  longitudinal  incision,  A  inch  long,  is  carried  down 
upon  the  front  of  the  internal  epicondyle,  and  the  muscles  and  internal 
lateral  ligament  are  separated  from  the  bone.  An  incision  about 
2\  or  3  inches  long  is  then  made  behind  the  external  epicondyle,  ending 
below  at  the  outer  side  at  the  head  of  the  radius.     The  external  lateral 
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ligament  is  divided  and  the  joint  is  opened  in  this  line.  The  head  of 
the  radius  is  removed.  The  lower  end  of  the  humerus  is  denuded,  as 
described  above,  and  removed,  and  likewise  the  upper  end  of  the  ulna. 

The  H  incision  (Moreau)  was  formerly  used  when  the  triceps 
tendon  was  cut  through.     This  is  now  rarely  done. 

Partial  excision  is  indicated  when  only  a  part  of  the  articular  sur- 
faces requires  to  be  removed.  When  only  the  lower  end  of  the  humerus 
is  to  be  resected,  the  radial  incision  of  Oilier  or  the  external  and  internal 
incision  of  Hueter  is  indicated.  The  articular  surfaces  of  the  radius 
and  ulna  are  best  exposed  by  the  median  incision  of  von  Langenbeck 
or  the  lower  part  of  Ollier's  radial  incision. 

Osteoplastic  Excision  (von  Bruns). — For  exposing  the  joint  for  the 
treatment  of  ankylosis,  fungous  arthritis,  old  or  irreducible  dislocations, 
and  foreign  bodies,  transverse  division  of  the  olecranon  process  is  often 
of  much  service.  This  operation  is  best  done  through  the  external 
incision  of  Oilier,  which  may  be  modified  to  suit  the  requirements  of  the 
case.  The  skin  is  retracted  from  the  olecranon,  and  this  process  divided 
at  its  base  and  turned  up.  This  exposure  permits  of  a  free  exhibition 
of  the  joint.  The  end  of  the  humerus  or  radius  may  be  removed  and 
the  articular  surfaces  of  the  ulna  dealt  with.  Conditions  within  the 
joint  are  rendered  most  accessible.  If  desirable,  a  transverse  skin 
incision  may  be  added,  giving  still  more  exposure.  The  operation  is 
completed  by  suturing  the  olecranon  back  in  place  with  chromicized 
catgut  or  silver  wire,  just  as  is  done  for  fracture. 

Excision  of  the  Elbow  for  Ankylosis. — This  operation  is  indicated 
to  secure  a  better  position  in  cases  of  faulty  bony  ankylosis.  The  bone 
can  best  be  exposed  by  the  long  posterior  incision.  The  periosteum 
should  be  elevated  and  the  ulna  divided.  The  periosteum  and  capsule 
are  detached,  and  the  lower  ends  of  the  humerus  and,  if  necessary,  the 
radius  and  ulna  sawed  off.  This  operation  may  be  carried  out  through 
the  incision  of  Oilier  by  the  osteoplastic  method.  The  operation  may 
be  still  more  simplified  by  exposing  the  joint  through  a  posterior 
H  incision,  dividing  the  olecranon,  and  then  with  knife  and  chisel 
dividing  the  ankylosing  structures  in  the  joint.  After  operation  the 
elbow  should  be  put  up  at  an  angle  of  135°,  and,  if  a  movable  joint  is 
to  be  hoped  for,  passive  motion  begun  early. 

Excision  of  the  Wrist. — This  operation  is  done  for  disease  of 
the  carpal  bones,  and,  as  the  disease  commonly  involves  the  lower  end 
of  the  radius  and  the  upper  ends  of  the  metacarpal  bones,  excision  of 
the  articular  surfaces  also  becomes  a  part  of  the  operation.  The 
wrist  bones  are  best  approached  in  the  triangular  space  between  the 
extensor  tendons  of  the  thumb  and  index-finger.  At  this  place  are  no 
important  structures,  and  free  access  to  the  wrist  is  secured.  As  in 
other  parts,  it  should  be  borne  in  mind  that  a  typical  operation  should 
not  be  aimed  at.  The  surgeon  should  preserve  the  bones  which  are 
free  from  disease.  This  is  particularly  important  in  the  case  of  the 
trapezium  which  supports  the  thumb.  The  operation  of  complete 
excision  is  best  performed  by  an  outer  and  inner  dorsal  incision  com- 
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bined.  After  any  of  these  operations  the  hand  and  forearm  should  be 
put  upon  a  splint  and  passive  motion  should  be  applied  to  the  fingers 
early.  The  splint  must  be  worn  for  two  months  or  more  until  the 
parts  have  become  adjusted. 

Excision  by  Two  Dorsal  Incisions  (Oilier)  (Fig.  321;  Ay  B). — The 
patient's  hand,  dorsum  upward,  is  placed  upon  a  small  table  at  the 
side  of  the  operating  table.  The  radial  incision  begins  over  the  lower 
border  of  the  lower  extremity  of 
the  radius,  midway  between  the 
two  styloid  processes,  and  is  carried 
obliquely  downward  to  the  outer 
side  of  the  middle  of  the  second 
metacarpal  bone.  For  convenience 
in  reflecting  the  soft  parts  the  up- 
per end  of  this  incision  may  be  ex- 
tended inward  1$  inches  further. 
The  tendon  of  the  extensor  indicis 
is  retracted  outward  and  the  meta- 
carpal bones  exposed.  Care  should 
be  taken  not  to  divide  the  dorsal 
branch  of  the  radial  nerve.  The 
wrist-joint  is  opened  and  the  pos- 
terior annular  ligament  divided. 
The  ulnar  incision  is  next  made. 
It  begins  at  a  point  1J  inches  above 
the  tip  of  the  styloid  process  of  the 
ulna  and  passes  downward  to  the 
base  of  the  fifth  metacarpal  bone. 
It  passes  along  the  outer  side  of  the 
tendon  of  the  extensor  carpi  ulnaris. 
This  incision  is  carried  down  to  the 
bone,  exposing  the  ulna,  the  cunei- 
form, and  the  unciform.  Care  should 
be  taken  to  avoid  cutting  the  dorsal 
branch  of  the  ulnar  nerve  to  the 
little  finger.  The  removal  of  the 
carpus  is  accomplished  by  stripping 
the  bones  of  their  ligaments  and 
periosteum,   and  lifting    them  out 

with  the  curette  or  forceps.  The  bones  are  removed  through  which- 
ever incision  renders  them  most  accessible. 

The  removal  of  the  ends  of  the  radius  and  ulna  is  accomplished 
by  making  them  protrude  through  the  wound,  stripping  back  the 
periosteum,  and  sawing  off  the  diseased  articular  surfaces.  If  the 
disease  is  not  extensive,  it  may  be  removed  by  the  gouge  or  curette. 
The  removal  of  the  proximal  ends  of  the  metacarpal  bones,  if  necessary, 
is  accomplished  in  the  same  manner.  Drainage-tubes  are  inserted 
and  the  hand  put  upon  a  splint. 


Pig.  321. — Excision  of  the  Wrist-joint. 

A,  B.  Two  dorsal  incisions  (Oilier)  ;  C, 
single  dorsal  incision  (Boeckel)  ;  F).  E, 
bilateral  incisions  (Lister);  B,  D,  internal 
and  external  dorsal  incisions  (combinction 
of  incisions  of  Oilier  and  Lister). 
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Excision  by  a  Single  Dorsal  Incision  (Boeckel,  Langenbeck)  (Fig. 
321,  C). — This  incision  is  placed  in  the  interval  between  the  exten- 
sor indicis  and  the  extensor  secundi  internodii  pollicis,  following 
closely  the  outer  border  of  the  former  of  these  tendons.  It  is  about 
4  inches  long,  and  begins  14  inches  above  the  joint  line  over  the  lower 
end  of  the  radius,  and  ends  over  the  middle  of  the  second  metacarpal 
bone.  The  dorsal  structures  are  dissected  up  by  overextending  the 
wrist,  thus  relaxing  the  extensor  tendons.  Through  this  incision  a 
subperiosteal  operation  is  done,  but  not  so  easily  as  with  the  two 
lateral  dorsal  incisions. 

Excision  Through  Bilateral  Incisions  (Lister)  (Fig.  321,  D,  E). — 
The  radial  incision  begins  above  at  the  middle  of  the  lower  extrem- 
ity of  the  radius  at  a  level  with  the  base  of  the  styloid  process. 
It  passes  downward  and  outward,  parallel  with  the  tendon  of  the 
extensor  longus  pollicis,  to  the  inner  side  of  the  first  carpometacarpal 
articulation,  and  thence  directly  downward  along  the  outer  side  of  the 
second  metacarpal  bone  for  half  the  length  of  the  bone.  This  incision 
is  about  4  inches  long,  and  placed  so  as  to  avoid  the  radial  artery.  It 
should  pass  down  to  the  bone  and  sever  the  tendons  of  the  extensor 
carpi  radialis  longior  and  brevior  at  their  insertions,  but  not  the  tendons 
of  the  thumb,  The  soft  structures  on  the  ulnar  side  of  the  incision  are 
then  dissected  up,  the  wrist  being  strongly  extended.  The  long  and 
short  extensors  of  the  wrist  are  divided.  The  trapezium  is  separated 
and  left  for  the  last,  if  its  removal  is  necessary. 

The  ulnar  incision  is  begun  two  inches  above  the  lower  end  of  the  ulna 
on  its  anterior  aspect,  and  passes  downward  between  the  bone  and 
the  tendon  of  the  flexor  carpi  ulnaris  as  far  as  the  middle  of  the  palmar 
side  of  the  fifth  metacarpal  bone.  The  inner  side  of  the  wound  is 
retracted,  and  the  tendon  of  the  extensor  carpi  ulnaris  cut  at  its  insertion. 
The  wrrist  is  then  strongly  extended  and  the  soft  structures  dissected 
away  from  the  bones.  The  posterior  ligaments  are  divided,  and  the 
joint  opened.  The  connection  of  the  tendons  with  the  radius  is  left 
undisturbed.  The  carpal  bones  are  easily  removed  through  these 
incisions,  and  the  ends  of  the  radius  and  ulna  and  metacarpal  bones 
given  the  necessary  attention.  The  trapezium  is  examined  last,  care 
being  taken  to  avoid  injury  to  the  tendon  of  the  flexor  carpi  radialis 
and  to  the  radial  artery.  The  non-articular  parts  of  the  pisiform  and 
unciform  bone  should  be  left,  if  sound. 

Excision  of  the  Hip- joint. —This  operation  is  done  usually  for 
disease  of  the  head  of  the  femur,  and  is,  therefore,  an  incomplete 
excision.  When  the  joint  is  exposed,  any  other  foci  of  disease  are  to  be 
dealt  with  as  the  case  may  require.  The  acetabulum  may  be  diseased 
and  necrotic  pieces  of  bone  required  to  be  lifted  out  or  carious  foci 
gouged  or  curetted.  The  operation  is  simple,  and  the  only  condition 
which  presents  a  difficulty  is  the  presence  of  the  heavy  muscles  by 
which  the  joint  is  surrounded.  The  joint  is  best  exposed  by  the  exter- 
nal incision.  Extension  for  a  few  days  in  bed  or  with  the  Thomas 
splint  should  follow  the  operation. 
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Excision  of  the  Hip-joint  by  a  Straight  External  Incision  (Langen- 
beck)  (Fig.  322,  A). — The  patient  lies  upon  the  sound  side;  the  diseased 
thigh  is  flexed  at  an  angle  of  45°,  and  rotated  slightly  outward.  A 
straight  incision  4£  inches  long  is  made  in  the  direction  of  the  long 
axis  of  the  femur.  It  should  lie  a  little  behind  the  middle  of  the  great 
trochanter.  Two-thirds  of  the  length  of  the  incision  should  be  above 
the  trochanter  and  one-third  of  the  incision  should  lie  on  the  femur. 
The  upper  end  of  the  incision  will  thus  lie  about  opposite  the  great 
sciatic  notch.  The  knife  above  the  trochanter  is  carried  down  to  the 
muscle,  the  fibers  of  which  are  separated  down  to  the  joint  and,  below, 


Fio.  322. — Excision  or  the  Hip-joint. 
A,  Straight  incision   (Langenbeck);  B,  curved  incision   (Oilier);  C,  curved  incision  (Say re);  D, 

curved  incision  (White). 


the  incision  is  made  down  to  the  bone.  The  muscle  is  retracted  and  the 
capsule  of  the  joint  opened  in  the  direction  with  the  line  of  incision. 
The  capsular  ligament  is  also  divided  transversely  close  to  the  acetabu- 
lum. The  muscles  inserted  into  the  great  trochanter  are  divided  at 
the  insertion.  If  the  ligamentum  teres  has  not  been  destroyed  by 
disease,  it  must  be  divided.  The  thigh  is  now  rotated  inward  and  the 
head  of  the  bone  is  dislocated  backward  and  thrust  out  of  the  wound. 
The  soft  parts  are  protected  by  retractors,  and  the  diseased  upper  end 
of  the  bone  sawed  off.  Free  access  to  the  acetabulum  is  thus  secured. 
Further  diseased  bone  is  gouged  or  curetted,  sinuses  followed  up,  and 
diseased   synovial  membrane  removed.     A  drainage-tube  may  be  left 
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in  the  wound  for  a  few  days.    The  joint  should  be  immobilized  by  a 
Thomas  hip  splint,  a  long  side  splint,  or  a  light  plaster-of- Paris  case. 

Excision  of  the  Hip  by  a  Curved  Incision. — Oilier  used  a  curved 
incision  (Fig.  322,  B),  beginning  3  inches  below  the  crest  of  the  ilium 
and  the  same  distance  behind  the  anterior  superior  spine,  passing 
downward  to  the  great  trochanter,  and  thence  down  the  shaft  of  the 
femur,  uncovering  the  bone.  Its  length  should  be  about  5  inches. 
The  superficial  fascia  being  retracted,  the  gluteus  maximus  will  be 
found  posterior  to  the  incision.  The  fibers  of  the  gluteus  medius  and 
the  gluteus  minimus  are  separated  in  the  line  of  the  incision,  and  the 
capsule  of  the  joint  exposed  without  dividing  the  muscle. 

Sayre  made  a  still  more  curved  incision  (Fig.  322,  C),  beginning 
midway  between  the  anterior  superior  spine  of  the  ilium  and  the  top 
of  the  great  trochanter,  passing  in  a  gentle  curve  down  across  the  tro- 
chanter, midway  between  its  middle  and  posterior  border,  and  thence 
curving  forward  and  downward.  This  incision  ends  just  above  the 
level  of  the  lesser  trochanter,  and  is  about  6  inches  long.  Throughout 
its  whole  length  the  knife  is  carried  down  to  the  bone  and  through  the 
periosteum.  The  soft  parts  are  retracted,  the  periosteum  is  divided 
transversely  just  above  the  level  of  the  lesser  trochanter,  the  division 
being  carried  around  the  bone  as  far  as  possible.  The  two  flaps  of 
periosteum  are  stripped  up,  beginning  at  the  junction  of  the  two 
incisions.  At  the  digital  fossa  the  muscular  insertions  are  divided 
and  the  separation  of  the  periosteum  continued  as  far  as  possible  without 
tearing  it.  The  thigh  is  then  adducted  and  the  head  of  the  femur 
raised  out  of  the  acetabulum.  The  periosteum  can  then  be  separated 
around  the  inner  aspect  of  the  bone.  The  femur  is  then  sawed  through 
just  above  the  lesser  trochanter.  White's  incision  (Fig.  322,  D)  for 
exposure  of  the  hip-joint  begins  at  the  same  point  above  as  Sayre's, 
but  makes  a  wider  curve  and  passes  down  behind  the  great  trochanter. 

Excision  of  the  Hip  by  an  Anterior  Incision  (Baker). — The  patient 
lies  supine,  the  surgeon  standing  by  the  right  side  of  the  patient.  The 
incision  begins  4  inch  below  the  anterior  superior  spine  of  the  ilium 
and  passes  downward  and  slightly  inward  for  3  inches.  The  opening 
through  the  muscles  is  made  between  the  tensor  vaginap  femoris  and  the 
glutei  on  the  outer  side,  and  the  sartorius  and  rectus  on  the  inner  side. 
The  joint  is  exposed  and  the  neck  of  the  femur  sawn  through  in  the 
direction  of  the  external  incision. 

Excision  of  the  Knee-joint. — As  the  knee-joint  depends  upon 
its  ligaments  for  rigidity,  a  complete  resection  should  be  followed  by 
bony  ankylosis  in  order  to  give  the  best  result.  If  it  becomes  necessary 
to  remove  the  upper  end  of  the  tibia,  a  slice  of  the  articular  surface  of 
the  femur  should  be  removed,  even  though  it  is  not  diseased,  for  the 
purpose  of  securing  the  flat  bony  apposition  essential  for  good  bony 
ankylosis.  In  children  it  is  imperative  that  the  epiphyseal  line 
(especially  the  one  at  the  lower  end  of  the  femur,  as  the  greatest 
growth  of  the  entire  skeleton  takes  place  here)  be  not  disturbed 
unless    the    extent    of    the    disease    makes    it   absolutely  necessary. 


EXCISIONS    AND    RESECTIONS    OF    BONES. 


785 


(See  Diseases  of  Bones,  Vol.  II.,  p.  17.)  The  epiphyseal  line  of  the 
femur  is  horizontal  with  the  tubercle  of  the  adductor  magnus.  If  the 
whole  articular  surface  is  taken  away  by  a  horizontal  cut,  the  whole 
epiphysis  will  have  been  removed.  The  epiphyseal  line  of  the  tibia  is 
horizontal  with  the  bottom  of  the  tuberosities  behind.  The  facet  for 
the  fibula  is  on  the  epiphysis.  The  line  slopes  downward  and  forward,  so 
that  the  tubercle  of  the  tibia  is  on  the  epiphysis. 
The  line  lies  below  the  joint  capsule.  In  72 
per  cent,  of  cases  subjected  to  excision  between 
the  ages  of  three  and  fourteen  years,  deviation  of 
the  knee  takes  place  as  a  result  of  unequal  growth 
of  the  lower  end  of  the  femur.23  After  four- 
teen no  deviation  seems  to  occur.  This  is  ap- 
parently due  to  the  fact  that  the  quadriceps 
muscle  becomes  weakened  to  a  much  greater 
degree  than  the  flexors  of  the  knee,  the  latter 
continuing  to  functionate  because  of  their  attach- 
ment to  the  pelvis.  Tenotomy  of  the  ham- 
strings  in  children  under  eight  years  of  age 
should  be  done  after  excision  of  the  knee- 
joint. 

Operation  (Fig.  323).— The  knee  is  slightly 
flexed.  The  incision  begins  on  the  side  of  the 
limb  opposite  the  posterior  and  upper  part 
of  the  condyle,  curves  downward  and  across 
the  front  of  the  joint,  midway  between  the 
patella  and  the  tuberosity  of  the  tibia,  and  ends 
at  a  corresponding  point  on  the  opposite  side. 
This  incision  divides  the  skin  and  fascia  down 
to  the  ligaments.  The  knee  is  now  more 
strongly  flexed,  and  the  patellar  ligament  is 
divided  and  the  joint  opened.  The  joint  is 
now  strongly  flexed,  the  patella  turned  up,  and 
the  lateral  and  crucial  ligaments  divided.  The 
posterior  ligaments  are  not  disturbed. 

The  articular  end  of  the  femur  is  cleared  of  soft  tissue,  grasped  with 
the  lion-jaw  forceps,  and  sawed  through,  care  being  taken  to  protect 
the  popliteal  vessels  from  injury.  The  same  thickness  of  each  condyle 
should  be  removed,  to  obviate  the  tendency  to  knock-knee  or  bow-leg. 
The  bone  should  be  divided  in  a  line  parallel  to  the  plane  of  articulation. 
The  foot  should  rest  squarely  upon  the  table,  the  leg  be  held  in  a  per- 
pendicular position,  and  in  this  position  a  thin  slice  of  the  upper  end  of 
the  tibia  sawed  off  in  a  line  parallel  with  the  articular  surface.  This 
is  best  done  with  the  flat  saw.  Any  diseased  foci  not  removed  by  these 
cuts  should  be  removed  with  the  gouge  or  the  curette.  Oblique  lines 
of  division  may  be  employed  if  thereby  a  larger  amount  of  healthy  bone 
can  be  preserved.  This  is  always  possible  when  the  disease  occupies 
but  one  side  of  the  bone  or  opposite  sides  of  the  two  opposing  bones. 
VOL.  v— 50 


Fio.  323. — Excihion  of  the 
Knee-joint. 
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Often  in  such  cases  an  osteoplastic  operation  in  the  form  of  a  step 
may  be  done  to  advantage,  thus  saving  in  the  length  of  the  limb.  The 
two  bony  surfaces,  when  apposed,  should  bring  the  leg  into  its  natural 
line.     A  very  slight  degree  of  flexion  is  advantageous. 

The  patella,  if  not  diseased,  should  be  left.  If  it  is  diseased,  the  gouge 
or  the  curette  may  be  used  to  scrape  away  the  affected  portions.  If  only 
the  articular  surface  is  affected,  the  bone  may  be  steadied  with  the  lion- 
jawed  forceps,  and  the  articular  surface  sawn  off,  leaving  the  anterior 
part  of  the  bone.  The  diseased  synovial  membrane 
should  be  removed,  and  sinuses  and  pockets  cleaned 
out  with  scissors  and  curette.  The  reflection  beneath 
the  quadriceps  extensors  should  not  be  neglected. 
Any  diseased  spots  in  the  remaining  bone  should 
be  curetted. 

The  bones  should   be  held   together  by  a  few 
strong  sutures  of  chromicized  gut  passed  through 
the  lateral  ligaments,  which  should  be  trimmed  to 
give  the  best  line  for  suturing,  or  bone  nails  may  be 
employed  (Fig.  324).     The  divided  patellar  ligament 
should  be  sutured.     The  necessity  for  drainage  will 
depend  upon  the  conditions  present.     The  leg  is  put 
upon  an  immobilizing  splint,  and  maintained  im- 
mobilized until  solid  bony  union  has  been  secured. 
The  use  of  the  Esmarch  bandage  in  this  operation 
permits  the  operation  to  be  done  more  rapidly  and, 
as  no  vessels  of  consequence  are  divided,  the  wound 
may  be  closed    and    the  pressure  of  the  dressings 
Fig'by4*Nmu?Ea??eb     depended  upon  to   prevent    hemorrhage.     A  small 
Resection  of  the     drainage-tube  on  either  side  of  the  knee  for  twenty- 
four   or   forty-eight    hours  is   desirable.     There  is 
usually  much  pain  after  the  operation.     This  may  be  ameliorated  and 
bloody  oozing  diminished  by  elevating  the  foot. 

Many  modifications  of  this  operation  are  in  use.  Oilier  employed 
a  lateral  incision  along  the  outer  side  of  the  patella.  Hahn  carried  the 
transverse  incision  above  the  patella,  convexity  upward.  Volkmann's 
incision  passes  directly  across  the  front  of  the  patella,  which  is  sawed 
through  transversely.  Kocher  carries  a  curved  incision  from  above 
the  outer  condyle  downward  and  inward  to  the  inner  aspect  of  the 
tibia  below  the  tuberosity,  and  chisels  off  the  tubercle  bearing  the 
patellar  ligament. 

Walkowitch24  of  Kiew  has  devised  an  operation  for  excision  of  the 
knee-joint  without  opening  the  joint.  A  similar  operation  is  described 
by  Flint25  of  New  York.  This  operation  consists  in  removing  the 
unopened  capsule  along  with  the  two  bone  ends,  and  is  performed 
through  the  large  U-shaped  incision,  the  synovial  sac  being  dissected 
down  from  beneath  the  quadriceps  muscle,  and  the  bone  ends  sawed 
off  beyond  the  attachments  of  the  synovial  membrane,  so  that  they 
come  away  with  the  unopened  joint  capsule. 
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Arthrectomy  or  Erasion  of  the  Knee-joint. — Volkmann's  method 
of  performing  "  arthrectomia  synovialis"  has  not  been  materially 
modified.  The  joint  is  opened  by  the  U  incision  employed  for 
resection,  or  the  patella  may  be  sawn  through.  The  flap  is  turned  up 
and  the  diseased  tissue  in  the  bursa  back  of  the  quadriceps  is  removed 
in  one  mass.  The  capsule  and  synovial  membrane  attached  to  the 
tibia  are  removed  in  the  same  manner.  The  dissecting  out  of  the  syno- 
vial membrane  should  be  continued  until  all  diseased  tissue  down  to 
bone  and  muscle  is  removed.  The  crucial  ligaments  may  be  divided, 
if  necessary,  to  reach  the  back  of  the  joint.  The  posterior  ligament 
should  be  preserved.  After  dissecting  out  all  disease  of  the  soft  parts 
diseased  foci  in  the  bone  should  be  sought  for  and  treated  with  the  gouge 
or  the  sharp  curette.  The  ligaments  should  be  sutured  back  in  place.  A 
small  tube  for  drainage  on  either  side  should  be  arranged  so  that  it 
can  be  withdrawn  at  the  end  of  forty-eight  hours.  The  knee  should 
be  put  up  in  an  immobilizing  splint  with  the  slightest  degree  of  flexion. 
While  Esmarch's  constriction  is  generally  advised  against,  I  believe 
that  here,  as  in  excision,  it  enables  the  surgeon  to  work  more  rapidly 
and  more  easily  to  discover  diseased  tissue,  and  it  is,  therefore,  to  be 
recommended. 

Senn  advocates  a  curved  incision,  passing  above  the  patella  with 
the  convexity  upward.  The  patella  is  sawed  through  transversely, 
and  the  upper  portion  of  the  synovial  sac  is  exposed  by  two  lateral 
incisions.  An  operation  which  I  can  recommend  consists  in  the  ordinary 
curved  incision,  convexity  downward,  dividing  the  patellar  ligament, 
and  to  this  I  add  a  median  incision,  bisecting  this  flap  and  the  patella 
and  freely  laying  open  the  pouch  beneath  the  extensor  muscle.  This 
gives  free  access,  obviates  transverse  division  of  the  patella,  adds  no 
hemorrhage,  and  simply  splits  the  fibers  of  the  muscle.  No  attempt  to 
secure  mobility  after  arthrectomy  of  the  knee  for  tuberculosis  should 
be  made;  the  best  result  is  with  ankylosis. 

Excision  of  the  Ankle-joint. — This  operation  was  formerly  done 
for  tuberculosis  and  injury.  It  is  no  longer  resorted  to  as  a  typical 
operation  in  the  latter  condition;  and  in  tuberculosis  it  has  given 
results  which  have  proved  so  unsatisfactory  that  it  is  now  but  little 
used.  Quite  invariably  tuberculosis  of  the  ankle-joint  is  associated 
with  disease  of  the  tarsal  bones,  and  excision  of  the  joint  has  required 
subsequent  operations  to  effect  a  cure.  Amputation,  on  the  whole,  giv- 
ing the  best  assurance  of  a  cure,  and,  with  a  good  prosthetic  apparatus, 
as  useful  a  limb,  has  been  resorted  to  more  and  more  in  advanced  cases. 

Excision  by  an  External  Curved  Incision  (Lauenstein)  (Fig.  325,  L). — 
An  incision  begins  just  posterior  to  the  fibula,  2  inches  above  the  malleo- 
lus, passes  down  the  posterior  border  of  the  bone,  curves  forward  beneath 
the  malleolus,  and  terminates  on  the  outer  aspect  of  the  dorsum  of  the 
foot  at  the  astragaloscaphoid  articulation.  The  fibula  is  exposed  and 
the  periosteum  divided  and  reflected,  carrying  with  it  the  twTo  peronei 
tendons.  The  fibular  attachment  of  the  external  lateral  ligament  is 
divided,  and  the  lower  inch  of  the  fibula  cut  off.     By  retracting  the 
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skin-flap  and  tendons  the  anterior  surface  of  the  lower  end  of  the  tibia 
is  brought  into  view.  The  foot  is  now  completely  inverted,  exposing 
freely  the  articular  surfaces  of  the  joint.  The  necessary  resections  can 
now  be  made,  the  foot  replaced,  and  the  parts  sutured. 

Excision  of  the  Ankle  by  Bilateral  Incisions  (Figs.  315,  B;  316,  B). — 
A  vertical  incision  three  inches  long  is  made  along  the  anterior  part  of  the 
fibula,  ending  just  below  the  tip  of  the  malleolus.  It  is  joined  at  its 
lower  extremity  by  an  incision  which  curves  around  beneath  the 
malleolus  and  ascends  for  one  inch  behind  the  fibula.  Through  this 
incision  the  periosteum  and  the  tendons  are  elevated  from  the  fibula, 
the  lateral  ligaments  divided,  and  the  lower  inch  of  the  bone  cut  off. 
The  outer  aspect  of  the  tibia  in  front  and  behind  is  reached  through 
this  wound  and  denuded  of  periosteum.  An  inner  longitudinal  incision  is 
carried  for  three  inches  along  the  inner  surface  of  the  tibia,  ending  at  the 


Fig.  325. — --I,  Excision  of  calcaneum   (Oilier);   B,  excision  of  astragalus  (Oilier);  L,  Excision  of 

ankle-joint  (Lauenstein). 


tip  of  the  malleolus.  This  is  joined  at  its  lower  end  by  a  short  incision 
at  right  angles.  The  periosteum  of  the  tibia  is  incised  longitudinally 
and  elevated  anteriorly  and  posteriorly  until  the  denudation  meets 
that  which  was  started  from  the  outer  side.  The  internal  lateral 
ligament  is  divided,  care  being  taken  to  protect  the  structures  passing 
beneath  the  malleolus.  The  lower  end  of  the  tibia  is  then  divided  with 
the  small  saw  and  removed.  The  articular  surface  of  the  astragalus 
is  sawed  off  through  the  outer  wound,  or,  if  necessary,  the  whole  bone 
may  be  removed. 

Excision  of  the  Ankle  bij  the  Transverse  External  Incision  (Kocher). — 
The  incision  is  begun  anteriorly,  \  inch  below  the  center  of  the  ankle- 
joint,  passes  outward  and  backward  below  the  malleolus,  and  thence 
curves  upward  to  the  tendo  Achillis.  The  common  extensor  tendon  is 
avoided,  also  the  musculocutaneous  and  short  saphenous  nerves.     The 
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foot  is  strongly  inverted,  the  external  ligaments  divided,  the  tendons 
retracted,  and  the  operation  completed  as  above. 

Excision  of  the  First  Metatarsophalangeal  Joint. — This  opera- 
tion is  best  done  through  an  incision  on  the  dorsum  of  the  foot,  placed 
just  internal  to  the  tendon  of  the  great  toe.  The  scar  of  this  wound 
comes  between  the  first  and  second  metatarsal  bones,  and  is  least 
exposed  to  irritation. 

ARTHROTOMY. 

Arthrotomy,  or  incision  into  a  joint,  is  done  for  purposes  of  drainage 
of  septic  joints,  for  the  liberation  of  fluids  and  blood,  for  the  removal 
of  loose  cartilages  and  floating  bodies,  for  the  removal  of  foreign  bodies, 
and  for  the  purpose  of  introducing  medication  into  a  joint.  For  pur- 
poses of  drainage  the  opening,  when  possible,  should  be  made  at  the 
lowest  part  of  the  joint.  In  operating  for  the  purpose  of  securing 
drainage  the  general  principles  of  surgery,  demanding  opening  at  the 
most  dependent  part,  must  often  be  modified  by  the  anatomic 
peculiarities  of  the  joint.  The  knee-joint,  particularly,  has  suffered 
from  this,  it  being  customary  to  open  it  for  drainage  laterally,  leaving 
the  posterior  half  of  the  joint  sac  undrained.  It  is  not  difficult  to 
reach  the  joint  through  an  opening  made  at  its  most  posterior  part. 
Such  an  opening  offers  drainage  at  the  bottom  of  the  joint-sac  as  the 
patient  lies  recumbent;  and  in  virulent  infections  is  much  to  be  pre- 
ferred to  the  lateral  opening.  Posterior  drainage  is  best  secured  through 
incision  directly  over  the  posterior  aspect  of  the  condyles.  This  opens 
into  the  pouches  of  synovial  membrane  lying  in  front  of  the  heads  of 
the  gastrocnemius.  Care  should  be  taken  not  to  injure  the  long  saphen- 
ous vein  or  the  external  peroneal  nerve. 
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CHAPTER  LXXV. 
AMPUTATIONS. 

By  Warren  Stone  Bickham,  M.D., 

NEW    YORK. 

THE  METHODS  OF  AMPUTATION, 

The  Evolution  of  Amputation  Methods.— The  methods  of 
amputation  have  undergone  a  slow  process  of  evolution,  which  may 
be  briefly  stated  in  the  following  tabular  form  (modified  from  Kocher) : 

Circular  Incision. — This  is  the  fundamental  type  of  amputation. 
Of  this,  there  are  two  varieties,  and  from  it  all  other  methods  of 
amputation  may  be  derived:  (a)  Transverse  circular  incision  (Fig. 
326,  A);  (6)  oblique  circular  incision  (Fig.  326,  B). 

Racket  Incision. — This  is  formed  by  the  addition  of  a  longitudinal 
incision  to  the  circular  incision,     (a)  If  the  longitudinal  incision  be 


Fig.  326. — The  Evolution  of  Amputation  Methods. 

A,  Transverse  circular  incision;    B,  oblique  circular  incision;  C,  Jransverse   racket  incision;  D, 

oblique  racket  incision.     (Modified  from  Kocher.) 

added  to  the  transverse  circular  incision,  the  transverse  racket  incision 
results  (Fig.  326,  C);  (b)  if  the  longitudinal  incision  be  added  to  the 
oblique  circular  incision,  the  oblique  racket  incision  results  (Fig. 
326,  D). 

Note. — The  corners  of  the  racket  incision  are  now  generally  rounded 
off,  as  in  the  oval  method,  the  only  practical  difference  between  the 
two,  as  now  usually  employed,  being  that  the  queue  is  made  longer 
in  the  racket  method. 

Oval  Incision. — This  is  formed  by  the  shortening  of  the  queue  and 
the  rounding-ofif  of  the  angles  of  the  racket  incision,  (a)  If  the  angles 
of  the  transverse  racket  incision  be  rounded,  the  transverse  oval 
790 
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incision  results  (Fig.  327,  A);  (b)  if  the  angles  of  the  oblique  racket 
incision  be  rounded  off,  the  oblique  oval  incision  results  (Fig.  327,  B). 
Rectangular  flaps  are  formed  by  adding  two  longitudinal  incisions 
to  the  circular  incision,  (a)  If  the  two  longitudinal  incisions  be 
added  to  the  circular  incision,  equal  rectangular  flaps  result  (Fig. 
327,  C) ;  (6)  if  they  be  added  to  the  oblique  circular  incision,  unequal 
rectangular  flaps  result  (Fig.  327,  D). 


Fig.  327. — The  Evolution  or  Amputation  Methods. 

A,    Transverse   oval   incision;    B,  oblique  oval  incision;  C,  equal  rectangular  flaps*;    D,  unequal 

rectangular  flaps.     (Modified  from  Kocher.) 

Rounded  flaps  are  formed  by  rounding  the  angles  of  the  rectangular 
flaps,  (a)  If  the  angles  of  equal  rectangular  flaps  be  rounded,  equal 
rounded  flaps  result  (Fig.  328,  A) ;  (b)  if  the  angles  of  unequal  rec- 
tangular flaps  be  rounded,  unequal  rounded  flaps  result  (Fig.  328,  B). 

Elliptical  Method. — The  position  of  this  method,  in  the  process  of 
evolution,  will  be  described  further  on. 


Fig.  328. — The  Evolution  or  Amputation  Methods. 
A,  Equal  rounded  flaps;  B,  unequal  rounded  flaps.     (Modified  from  Kocher.) 

Summary    of    Amputation    Methods.— Fundamental   Types.— 

Circular  method;  flap  method. 

Modern  Types. — (a)  Circular  and  its  modifications;  (6)  flap  and 
its  modifications;  (c)  irregular  methods  of  amputation. 

As  to  Nature  of  Covering  of  Stump. — All  methods  of  amputation 
are  either — (a)  Coverings  of  skin — that  is,  skin  and  fascia  alone  cover 
the  divided  muscles  and  bone,  as  in  the  cuff  method  of  the  circular 
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amputation,  and  in  the  simple  skin-flap  in  the  flap  method  of  amputa- 
tion; or  (6)  coverings  of  skin  and  muscle — where  skin,  fascia,  and 
muscles,  combined  and  unseparated,  including  the  periosteum,  cover 
the  end  of  the  bone,  as  in  the  ordinary  (infundibuliform)  circular 
amputation,  and  in  flaps  of  skin  and  muscle  in  the  flap  method  of 
amputation. 

Circular  Methods  of  Amputating. — (a)  Ordinary  circular  method; 
(6)  cuff  method  of  circular  amputation;  (c)  modified  circular  method 
of  amputation  (mixed  method);  (d)  oval  (or  lanceolate)  method; 
(e)  racket  method. 

Ordinary  Circular  Amputation. — Technic. — Stand  to  outer 
side  of  right  and  inner  side  of  the  left  limbs,  so  as  to  grasp  the  limb 
between  trunk  and  amputation-site.  Determine  the  saw-line.  Fix 
the  skin-incision  at  a  level  below  the  saw-line  equal  to  A  of  1J  times 
the  diameter  of  the  limb  (or  three-fourths  of  that  diameter)  at  the 
saw-line  (that  is,  at  11.5  cm.,  or  41  inches,  below  the  saw-line,  if  the 
diameter  of  the  limb  at  the  saw-line  be  15.3  cm.,  or  6  inches).  Grasp 
the  limb  just  above  the  line  of  the  skin-incision  with  the  left  hand 
and  retract  the  skin  upward,  aided,  if  the  limb  be  large,  by  an  assistant. 
With  a  long  knife,  make  a  circular  incision,  at  the  skin-incision  line, 
through  skin  and  superficial  fascia,  entirely  around  the  limb.  Free 
the  skin  with  its  superficial  fascia  from  the  muscles  with  their  deep 
fascia,  aiding  the  separation  in  the  interf ascial  line  by  touches  with  a 
scalpel,  where  necessary.  Retract  the  skin  and  fascia  evenly  around 
the  circumference  of  the  limb.  Divide  the  more  superficial  layer  of 
muscles  circularly  on  a  level  with  the  retracted  skin.  Retract  this 
more  superficial  layer  of  muscles.  Divide  the  remaining  deeper 
muscles  circularly  on  a  level  with  the  retracted  outer  layer  of  muscles, 
and  planning  to  come  down  upon  the  bone,  or  bones,  far  enough 
below  the  saw-line  to  allow  of  making  a  musculoperiosteal  covering 
for  the  bone  or  bones.  Retract  the  deeper  muscles  thus  cut.  Divide 
with  a  stout  knife  the  periosteum  circularly  around  the  bone,  or  bones, 
at  a  distance  below  the  saw-line  equal  to  a  good  one-half  diameter 
of  the  bone  at  the  saw-line.  Push  up  the  periosteum  from  the  bone 
with  periosteal  elevator,  keeping  the  muscles  adherent  to  the  perios- 
teum. Apply  linen  (or  other)  retractors  to  the  soft  parts  and  draw 
them  above  the  saw-line.  Saw  the  bone  or  bones.  If  splintering 
occur,  grasp  the  spicula  with  forceps  and  remove  with  finer  saw. 
Allow  the  soft  parts  to  drop  over  the  end  of  bone,  or  bones,  the  sawed 
ends  of  which  will  form  the  apex  of  a  funnel,  the  bone  being  covered 
by  periosteum,  periosteum  by  muscle,  and  muscle  by  fascia  and 
skin.  Tie  the  vessels,  cut  the  nerves  and  tendons  short,  and 
remove  any  tags  of  connective  tissue  or  skin.  Suture  the  musculo- 
periosteal covering  over  the  end  of  bone  or  bones.  Quilt  the  muscles 
together  in  one  or  two  layers.  Suture  the  skin  and  fascia  antero- 
posteriorly  and  apply  the  dressing  and  supporting  splint. 

The  resulting  stump  is  evenly  covered  on  all  sides  by  muscle  and 
skin,  the  bone  being  particularly  well    protected    and  on  a  higher 
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level  above  the  surface  of  the  stump  than  in  any  other  form  of  amputa- 
tion. The  scar  is  terminal,  anteroposterior,  if  the  wound  be  sutured 
from  before  backward,  lateral,  if  sutured  from  side  to  side. 

Indications. — In  limbs  more  or  less  evenly  surrounded  by  muscles: 
lower  part  of  forearm  (sometimes),  arm,  and  thigh. 

Comment. — (1)  Owing  to  unequal  retraction  of  the  skin  in  some 
localities  (as  the  antero-internal  aspect  of  the  arm  and  thigh)  the 
circular  incision  may  have  to  be  planned  obliquely  and  only  become 
circular  after  the  incision,  and  may  also  have  to  be  planned  lower. 
(2)  A  pure  ordinary  circular  (infundibuliform)  amputation  is  impossi- 
ble in  a  limb  of  rapidly  increasing  girth,  as  it  is  impossible  to  retract 
the  soft  parts.  A  single  lateral  vertical  incision  through  skin  and 
fascia,  or  double  lateral  incisions,  may  become  necessary  in  order  to 
free  the  parts,  when  it  ceases  to  be  a  typical  infundibuliform  amputa- 
tion. 

Cuff  Method  of  Circular  Amputation.— Technic— The  steps 
of  the  operation  are  similar  to  those  of  the  ordinary  circular  amputa- 
tion up  to  the  completion  of  the  circular  incision  through  the  skin 
and  superficial  fascia.  The  skin  and  subcutaneous  tissue  are  then 
turned  back  upon  themselves  as  a  cuff,  the  freeing  being  done  by 
means  of  the  fingers  of  the  left  hand,  aided  by  touches  of  a  scalpel, 
until  evenly  retracted  all  around.  On  a  level  with  the  retracted  cuff 
the  muscles  are  circularly  divided  down  to  the  bone,  the  site  at  which 
this  division  takes  place  being  such  as  will  allow  of  ample  and  easy 
covering  of  the  transversely  divided  muscle  by  the  skin  and  fascia — an 
average  calculation  being  that  about  one-third  of  the  total  dis- 
tance from  saw-line  to  line  of  skin-incision  should  be  given  to  skin 
and  fascia  alone.  The  subsequent  steps  of  the  operation,  including 
the  musculoperiosteal  covering  for  the  bone,  being  the  same  as  for 
the  ordinary,  or  infundibuliform,  circular  amputation. 

The  resulting  stump  is  apt  to  be  more  or  less  irregular  in  contour, 
and  not  so  well  padded,  owing  to  the  nature  of  the  parts  used  for 
covering.     The  scar  lies  as  in  the  ordinary  circular  amputation. 

Indications. — It  is  most  frequently  used  where  the  soft  coverings 
are  more  tendinous  than  muscular:  e.  g.,  wrist,  lower  part  of  forearm, 
ankle,  and  lower  part  of  leg  (in  thin  subjects). 

Comment. — (1)  and  (2)  The  same  comments  made  under  (1)  and 
(2)  of  the  last  operation  apply  equally  here.  (3)  Owing  to  the  greater 
proportion  of  skin  in  this  covering  and  the  division  of  muscles  in  one 
layer,  as  well  as  the  number  of  tendons  present  in  the  sites  where  this 
method  is  generally  used,  the  covering  of  the  bones  is  not  so  satis- 
factory as  in  the  ordinary  circular  method. 

Modified  Circular  Amputation. — General  Description. — Two 
equal  flaps,  composed  of  skin  and  fascia,  of  varying  length,  and  having 
bases  equal  to  one-half  of  the  circumference  of  the  limb  at  their  upper 
ends,  are  cut  and  dissected  up  a  short  distance,  followed  by  a  circular 
sweep  of  the  knife  through  the  retracted  superficial  muscles,  and  by 
a  second  circular  sweep  at  a  higher  level,  through  the  retracted 
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deeper  muscles,  and  completion  of  the  operation  as  in  the  ordinary 
circular  amputation. 

Technic. — Having  fixed  upon  the  saw-line  and  having  marked  a 
point  below  the  saw-line  equal  to  £  of  1  £  diameters  of  the  limb  at  the 
saw-line  (that  is,  three-fourths  of  the  diameter  at  the  saw-line), two 
equal  flaps  of  skin  and  fascia  (of  this  length)  are  planned.  These 
flaps  have  bases  equal  to  one-half  the  circumference  of  the  limb  at 
the  level  of  their  upper  limit,  and  their  length  will  be  equal  to  one- 
third  or  one-half  of  the  total  distance  between  the  saw-line  and  the 
lowest  limit  of  skin  covering  (generally  one-third  in  slender,  ill-formed 
limbs,  and  often  one-half  in  large,  tapering  limbs).  The  flaps  are 
usually  lateral  ones,  but  may  be  anterior  or  posterior.  Retracting 
the  skin  with  the  left  hand,  begin  the  incision  at  one  midlateral  aspect 
of  the  limb,  at  a  level  above  the  lowest  limit  of  the  skin-incision,  equal 
to  one-third  or  one-half,  as  the  case  may  be,  of  the  distance  between  the 
saw-line  and  the  lowest  limit  of  the  skin-incision,  pass  vertically  down- 
ward through  skin  and  fascia,  until  nearly  at  the  level  of  the  lowest 
skin-incision,  thence  round  forward  into  the  line  of  lowest  skin-incision, 
in  a  bluntly  rounding  manner,  and  complete  the  opposite  end  of  the 
same  flap  in  the  same  manner.  Then  make  the  opposite  flap  in  the 
same  way  as  the  first  one,  corresponding  in  shape  and  size.  Dissect 
these  flaps  of  skin  and  fascia  back  to  just  beyond  their  bases.  While 
the  flaps,  and  the  muscles  also,  are  retracted,  divide  the  more  super- 
ficial muscle  circularly;  retract  these,  and  divide  the  deeper  muscles 
similarly,  making  the  usual  provision  for  the  musculoperiosteal 
covering.  The  operation  is  completed  as  in  the  ordinary  circular 
amputation,  the  skin  and  fascial  flaps  being  sewed  over  the  quilted 
muscles,  the  bone  being  at  the  apex  of  a  funnel  which  is  somewhat 
shallower  than  in  the  infundibuliform  variety  of  circular  amputation, 
owing  to  the  muscles  having  been  divided  at  a  higher  level. 

Resulting  Stump. — While  not  covering  the  end  of  the  bone  with 
quite  as  thick  a  padding  of  soft  parts,  its  general  features  are  the  same 
as  those  following  the  ordinary  circular  method.  The  main  part  of 
the  scar  is  terminal,  but  its  ends  are  apt  to  be  partly  lateral. 

Indications. — This  is  the  form  of  circular  amputation  most  fre- 
quently used,  and  is  adapted  to  a  greater  number  of  sites  than  the 
ordinary  circular  or  the  cuff  modification  of  the  ordinary  method. 

Comment. — (1)  The  skin-flaps  may  be  cut  of  unequal  lengths. 
(2)  The  muscles  may  be  divided  at  one  level.  (3)  This  form  of  circular 
amputation  has  largely  replaced  either  of  the  other  forms. 

Oval  Method  of  Amputation.— Technic— This  amputation 
being  generally  used  in  disarticulations,  the  upper  or  pointed  end  of 
the  oval  usually  begins  just  above  a  joint-line  and  upon  its  outer  or 
anterior  aspect,  the  limbs  of  the  oval  parting  at  an  angle  sufficient 
to  include  the  head  of  the  distal  bone,  and  sweeping  thence  in  a  curve 
down  the  lateral  aspects  of  the  limb,  passing,  finally,  transversely 
toward  each  other,  to  meet  upon  the  inner  or  under  surface  of  the 
distal  limb  and  at  a  distance  beneath  the  line  of  articulation  calculated 
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to  furnish  sufficient  covering  for  the  head  of  the  proximal  one  of  the 
bones  making  up  the  joint.  Having  completed  the  incision  through 
skin  and  fascia,  one  of  two  courses  may  then  be  adopted:  (a)  The 
incision  may  then  be  deepened  throughout  direct  to  the  bone,  by 
cutting  from  without;  the  deep  incision,  from  the  point  where  the 
arms  or  limbs  of  the  oval  begin  to  diverge,  following  the  line  of  the 
retracted  skin.  This  is  the  general  method  in  all  of  the  smaller 
disarticulations  and  in  most  of  the  larger,  (b)  Or  the  joint  may  be 
opened  by  the  more  vertical  part  of  the  incision,  and,  after  disarticu- 
lation, the  muscles  may  be  cut  from  within  outward,  on  a  line  with 
the  retracted  skin.  Having  tied  the  vessels  and  cut  the  nerves  and 
tendons  short,  the  wound  is  sutured  in  its  long  axis. 

Resulting  Stump. — The  end  of  the  bone  is  very  fully  covered, 
except  where  the  head  or  articular  end  of  the  proximal  bone  is  dis- 
proportionately large.     The  scar  is  terminolateral. 

Indications. — A  form  of  amputation  generally  used  for  disarticulat- 
ing a  limb  from  the  trunk,  or  a  smaller  limb  from  a  larger  limb.  The 
method  admits  of  first  opening  the  joint  for  investigation  before 
finally  deciding  upon  amputation,  and  it  also  admits  of  securing  the 
vessels  before  removing  the  limb. 

Comment. — The  suture-line  may  run  anteroposterior^  in  one 
straight  line,  or  the  free,  lower  convex  border  of  the  flap  may  be 
turned  over  and  sutured  to  the  upper  angular  concavity  of  the 
wound. 

Racket  Method  of  Amputation.— Technic— Practically  similar 
to  the  oval  amputation,  except  that  the  queue  of  the  racket  begins 
considerably  farther  back  over  the  head  of  the  proximal  bone  forming 
the  joint,  and  along  this  single  straight  line  the  knife  travels  some 
distance  before  the  arms  of  the  racket  begin  to  diverge.  After  the 
beginning  of  the  divergence  of  the  limbs  of  the  racket  the  operation 
is  completed  as  in  the  oval  operation. 

Resulting  Stump. — More  satisfactory  covering  is  secured  by  the 
racket  than  by  the  oval  method  of  amputating.  The  scar  is  termino- 
lateral. 

Indications. — Disarticulations  of  the  shoulder-  and  hip-joints  and 
of  the  digits  from  the  hand  and  foot  (especially,  in  the  latter  instances, 
where  a  metatarsal  or  metacarpal  bone  is  removed  with  the  digit). 
As  in  the  oval  method,  but  to  a  much  greater  extent,  the  racket  method 
admits  of  a  preliminary  examination  of  the  joint  through  the  vertical 
portion  of  the  incision  before  deciding  upon  amputation.  The  vessels 
may  also  be  secured  before  entirely  separating  the  limb.  The  muscles 
in  the  stump  are  better  preserved. 

Comment. — (1)  The  queue  of  the  racket  should  be  placed,  if  possi- 
ble, over  an  intermuscular  septum  and  be  deepened  in  the  septum. 
(2)  Amputation  by  a  T-shaped  incision  is,  practically,  a  form  of  racket 
incision.  (3)  The  suture  line  may  run  anteroposterior^  (or  from  the 
outer  to  the  inner  aspect  of  the  part),  which  is  to  be  preferred.  Or 
the  upper  portion  of  the  queue  may  be  sutured  in  this  manner  and 
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the  lower  convex  portion  of  the  flap  brought  up  and  sutured  to  the 
angular  concavity  formed  by  the  divergence  of  the  lateral  limbs  of 
the  racket. 

Flap  Methods  of  Amputating. — (a)  Single  flap  of  skin  and 
muscles,  (b)  Single  flap  of  skin,  (c)  Equal  flaps  of  skin  and  muscles. 
(d)  Equal  flaps  of  skin,  (e)  Unequal  flaps  of  skin  and  muscles.  (/) 
Unequal  flaps  of  skin,  (g)  Elliptical  method,  (h)  Unequal  rectangu- 
lar flaps  of  skin  and  muscle. 

Amputation  by  Single  Flap  of  Skin  and  Muscles. — Technic. — 
Having  fixed  upon  the  saw-line  (or  line  of  disarticulation),  a  point  is 
determined  upon  below  this  line,  and  on  that  aspect  of  the  limb  which 
is  to  furnish  the  flap,  which  will  represent  a  distance  below  the  saw- 
line  equivalent  to  1J  diameters  of  the  limb  at  the  saw-line.  A  flap 
is  then  marked  out  with  a  base  equal  in  width  to  a  half-circumference  of 
the  limb  at  the  saw-line,  and  a  length  equal  to  1  \  diameters  of  the 
limb  at  that  line.  Grasping  the  limb  as  in  the  ordinary  circular 
amputation,  the  knife  is  entered  at  the  far  upper  end  of  the  base  of 
the  flap,  at  a  right  angle  to  the  skin,  and  passes  vertically  down  the 
mid-axis  of  the  limb  to  near  the  lower  limit  of  the  flap,  where  it  forms 
a  squarely  or  bluntly  rounded  corner  to  the  flap,  thence  passes  trans- 
versely along  the  lower  limit  of  the  flap,  and  completes  the  opposite 
limb  of  the  flap  symmetrically  with  the  first  limb.  This  incision 
passes  through  skin  and  fascia.  When  this  integumentary  flap  has 
retracted,  the  muscles  are  cut  obliquely  on  a  line  with  its  retracted 
edges,  so  directing  the  knife  as  bluntly  to  bevel  the  muscular  portion 
as  the  knife  cuts  its  way  from  without  inward  and  upward.  This 
incision  passes  obliquely  through  all  the  muscles  and  is  planned  to 
come  down  upon  the  bone  at  a  distance  beneath  the  saw-line  equivalent 
to  a  good  diameter  of  the  bone  at  the  saw-line,  thus  providing  for  a 
musculoperiosteal  covering.  The  knife  is  then  carried  through  the 
periosteum  so  as  to  form  a  musculoperiosteal  flap  with  a  base  of 
half  the  bone  at  the  saw-line  and  a  length  of  once  the  diameter.  The 
musculoperiosteal  covering  is  then  detached  back  to  the  saw-line. 
Divide  the  hitherto  undisturbed  soft  parts  on  the  opposite  side  of  the 
limb  by  a  circular  sweep  of  the  knife,  passing  through  the  skin  and 
fascia  of  the  half-circumference  a  little  below  the  level  of  the  base  of 
the  single  flap,  and  through  the  muscles  on  a  level  with  the  base  of  that 
flap,  including  the  periosteum.  Retract  all  the  soft  parts  on  the 
proximal  side  of  the  saw-line  and  divide  the  bone.  Suture  the 
musculoperiosteal  flap  over  the  bone,  the  free  edge  of  the  periosteal 
flap  being  sutured  to  the  half-circumference  of  the  opposite  aspect  of 
the  periosteum.  Quilt  the  lateral  and  terminal  aspects  of  the  cut 
muscles  in  the  flap  with  the  transversely  cut  ends  of  the  muscles  on 
the  opposite  side  of  the  limb.  Suture  the  terminal  and  lateral  aspects  of 
the  skin  of  the  flap  to  the  transversely  divided  skin  of  the  opposite  side. 

Resulting  Stump. — The  stump  is  at  first  well  covered  with  muscle, 
and,  when  this  atrophies,  by  the  replacing  fibrous  tissue-.  The  scar 
is  lateral. 
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Indications. — Cases  of  injury  so  destroying  the  soft  parts  as  to 
leave  those  of  but  one  aspect  available.  Also  in  such  cases  as  Fara- 
beuf 's  amputation  of  the  upper  third  of  the  leg  by  a  single  external 
flap  of  skin  and  muscles,  or  Dubreuil's  disarticulation  at  the  wrist 
by  a  single  external  flap  of  skin  and  muscles. 

Comment. — (1)  In  all  flaps  skin  must  be  longer  than  muscle.  (2) 
There  is  sometimes  an  excess  of  muscle  in  a  flap,  part  of  which  should 
be  removed  in  the  process  of  beveling,  but  a  fully  muscled  flap  is 
generally  desirable.  (3)  A  flap  of  skin  and  muscle  is  more  apt  to  live 
and  makes  a  better  covering  than  one  of  skin  alone.  (4)  While  the 
muscular  tissue  as  such  may  not  remain  in  the  tissues  of  a  stump,  the 
muscle-fibers  undergoing  atrophy,  yet  the  fibrous  tissue  matting  and 
padding  together  of  the  parts  is  left  in  its  place.  (5)  A  single  flap 
requires  the  maximum  sacrifice  of  limb,  one  side  of  the  limb  furnishing 
the  entire  covering  and  the  bone  being  consequently  divided  at  a 
higher  level. 

Amputation  by  a  Single  Flap  of  Skin.— Technic— Having 
incised  through  skin  and  fascia,  this  integumentary  flap  is  dissected 
up  from  the  muscles  throughout,  including  all  overlying  fascia,  and 
is  retracted  above  the  saw-line  (or  disarticulation-line,  when  the  bone 
is  sawed  or  disarticulated,  and  the  flap  dropped  over  the  end  of  the 
limb,  its  terminal  aspect  being  sutured  to  the  transversely  divided 
skin  of  the  opposite  side. 

Resulting  Stump. — It  is  very  thinly  covered,  but  as  the  skin  so 
utilized  is  generally  accustomed  to  pressure,  the  result  is  usually 
satisfactory. 

Indications. — Such  localities  as  the  knee-joint  (disarticulation  by 
a  single  anterior  flap)  or  the  elbow-joint  (disarticulation  by  a  single 
posterior  flap). 

Comment. — (1)  As  this  method  is  generally  used  in  a  disarticula- 
tion, a  capsuloperiosteal  covering  may  sometimes  be  provided.  (2) 
Nutrition  of  a  single  flap  of  skin  and  muscle  is  more  difficult  to  main- 
tain than  in  the  more  ordinary  methods,  and  the  nutrition  of  a  flap 
of  skin  alone  is  even  harder.  (3)  Skin-flaps  are  more  used  now  than 
formerly,  because,  owing  to  rarer  suppuration,  their  vitality  can  be 
more  counted  upon. 

Amputation  by  Equal  Flaps  of  Skin  and  Muscle.— Technic. — 
The  preliminaries  being  the  same  as  in  the  ordinary  circular  amputa- 
tion, two  flaps  are  marked  out,  each  having  a  width  of  base  equal 
to  the  half-circumference  at  the  saw-line  and  a  length  equal  to  three- 
fourths  of  the  diameter  of  the  limb  at  that  same  line.  With  a  large 
scalpel  incise  along  the  outlined  flaps,  passing  through  skin  and  connec- 
tive tissue.  When  these  integumentary  flaps  have  retracted,  proceed 
to  form  the  remainder  of  the  flaps,  cutting  obliquely  along  the  margin 
of  the  retracted  skin  in  such  a  manner  that  the  flaps  will  be  bluntly 
(not  thinly)  beveled,  directing  the  knife  so  that  the  beveling  will  be 
greatest  (though  not  thin  even  here)  at  the  tip  and  thickest  toward 
the  base,  and  coming  down  upon  the  bone,  or  bones,  a  distance  below 
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the  saw-line  equal  to  a  full  diameter  of  the  bone  (or  of  the  bigger  bone) 
to  allow  for  musculoperiosteal  covering.  At  this  level  make  a  circular 
cut  around  the  bone  through  the  periosteum  with  a  heavy  knife, 
detach  the  musculoperiosteal  covering  of  the  bone  upward  to  the 
saw-line,  retract  the  soft  parts,  divide  the  bone,  suture  the  musculo- 
periosteal covering,  quilt  the  muscles,  and  suture  the  skin. 

Resulting  Stump. — As  a  rule,  it  is  excellently  covered  by  substan- 
tial tissues.     The  scar  is  terminolateral. 

Indications. — In  the  continuity  of  limbs  (between  joints)  where  the 
bone  or  bones  are  equally  covered  with  soft  parts. 

Comment. — (1)  The  simplest  form  of  making  double  flaps  is  by 
two  vertical  incisions  down  the  opposite  sides  of  what  has  been  begun 
as  a  circular  method.  (2)  One  flap  may  be  cut  from  without  inward, 
and  the  other  by  transfixion.  (3)  In  very  muscular  limbs  it  makes 
the  meeting  of  skin  over  the  muscles  easier  if  about  2.5  cm.  (1  inch)  of 
skin  and  fascia  are  dissected  up  from  the  muscle,  after  marking  out 
and  dividing  the  skin  and  fascia,  and  then  cutting  the  muscles  to  the 
bone  in  a  beveling  fashion. 

Amputation  by  Equal  Flaps  of  Skin. — This  operation  is  the 
same  in  general  contour  and  dimensions  of  the  flaps  as  the  last,  except 
that  the  covering  here  consists  of  skin  only. 

Technic. — Having  incised  through  skin  and  fascia,  upon  the  same 
lines  as  in  the  last  form  of  amputation,  the  two  equal  flaps  of  integu- 
mentary tissues  are  dissected  up  to  a  level  below  the  saw-line  which 
will  allow  of  providing  a  musculoperiosteal  covering;  at  this  level  the 
muscles,  after  retracting  the  skin,  are  circularly  divided  down  to  the 
bone,  this  circular  incision  is  continued,  on  the  same  level  (one-half 
diameter  of  the  bone  below  the  saw-line)  around  and  through  the 
periosteum,  the  periosteum  is  then  retracted,  with  the  overlying 
muscles,  to  the  saw-line,  and  the  bone  divided.  The  musculoperiosteal 
covering  is  then  sutured  over  the  bone,  and  the  skin-margins  sutured 
together. 

The  resulting  stump  is  thinly  covered,  no  muscle  being  present,  but 
is  generally  satisfactory  in  the  localities  where  adopted.  The  scar  is 
terminolateral. 

Indications. — Where  a  satisfactory  muscle  covering  is  hard  to 
secure,  as  in  the  lower  third  of  the  forearm  and  leg  and  in  the  fingers, 
the  tendons  predominating  in  these  localities. 

Amputation  by  Unequal  Flaps  of  Skin  and  Muscles.— 
Technic. — This  amputation  is  identical,  except  as  to  the  length  of  the 
flaps,  with  the  amputation  by  equal  flaps  of  skin  and  muscle. 

The  resulting  stump  is  generally  well  covered,  with  the  scar  either 
entirely  lateral  or  partly  lateral  and  partly  terminal,  dependent  upon 
the  preponderance  of  one  flap  over  the  other. 

Indications. — Thigh  and  arm  throughout,  and  upper  parts  of 
forearm  and  leg. 

Amputation  by  Unequal  Flaps  of  Skin.— The  coverings  are  of 
skin  and  fascia  alone  and  are  furnished  by  the  two  opposite  aspects 
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of  the  limb,  in  the  form  of  two  flaps  having  equal  bases  and  unequal 
lengths.  This  amputation  is  identical  throughout  with  the  amputa- 
tion by  equal  flaps  of  skin,  except  as  to  the  length  of  the  flaps. 

Amputation  by  Unequal  Rectangular  Flaps  of  Skin  and 
Muscles  (Teale's  Method).— Technic— Having  fixed  upon  the  saw- 
line,  two  flaps  are  marked  out,  having  their  bases  at  that  line  and 
extending  downward  as  described  below.  Find  the  circumference 
of  the  limb  at  the  saw-line.  The  longer  flap  is  to  have  its  length  and 
its  breadth  equal  to  a  half-circumference  at  the  saw-line.  The  shorter 
flap  is  to  be  one-fourth  of  the  length  of  the  longer,  and  its  breadth 
equal  to  the  remaining  half-circumference  at  the  saw-line.  The 
longer  flap  should  be  of  the  same  width  all  the  way  down.  The 
shorter  flap  will  have  a  width  at  its  free  end  equal  to  very  nearly  a 
half-circumference  of  the  limb  at  the  level  where  it  terminates  (as 
that  level,  in  the  case  of  the  shorter  flap,  is  so  short  a  distance  beneath 
the  saw-line).  Having  marked  out  these  flaps,  which  should  be 
accurately  measured,  the  vertical  parts  of  the  incision  should  be  made 
from  above  downward,  connected  at  their  lower  ends  by  the  transverse 
incision  which  marks  the  limit  of  the  longer  flap,  and  by  another 
transverse  incision  across  the  opposite  half-circumference  of  the 
limb,  at  the  proper  level,  marking  off  the  lower  limit  of  the  shorter 
flap.  These  incisions  at  first  involve  skin  and  fascia  only.  When 
retraction  has  occurred  (making  a  difference  in  the  transverse  incisions 
only),  they  are  deepened  throughout  to  the  periosteum.  The  vertical 
limbs  of  the  flaps  are  first  cut  to  the  periosteum,  then  the  lower 
transverse  limit  of  the  longer  flap,  which  is  dissected  up  above  the 
lower  limit  of  the  shorter  flap,  which  in  turn  is  cut  transversely  to 
the  periosteum  and  dissected  up.  When  a  level  below  the  saw-line 
is  reached  equal  to  a  half-diameter  of  the  bone  at  the  saw-line,  a 
circular  incision  is  made  through  the  periosteum  and  a  musculo- 
periosteal  covering  raised.  All  the  soft  parts  are  now  retracted  above 
the  saw-line  and  the  bone  divided.  The  musculoperiosteal  covering 
is  sutured.  The  longer  flap  is  bent  over  the  end  of  the  bone,  its  end 
being  sutured  to  the  end  of  the  shorter  flap,  the  lateral  aspects  of  the 
shorter  flap  are  sutured  to  the  lateral  aspects  of  the  longer,  and  the 
lateral  aspects  of  the  bent-over  portion  of  the  long  flap  are  sutured 
to  the  contiguous  lateral  aspects  of  the  unbent  portion  of  the  long 
flap.  The  muscles  are  quilted  prior  to  suturing  the  skin.  The  part 
is  well  supported  by  splint,  with  only  light  pressure  over  the  bent 
longer  flap. 

Resulting  Stump. — An  H-shaped  cicatrix  is  formed  upon  the 
aspect  of  the  limb  furnishing  the  shorter  flap.  The  end  of  the  bone  is 
well  covered  when  the  long  flap  contains  a  preponderance  of  muscle, 
less  well  covered  when  containing  a  preponderance  of  tendons. 

Indications. — In  the  lower  part  of  the  leg  (where  the  longer  flap  is 
taken  from  the  anterior  aspect),  and  sometimes  in  the  lower  forearm 
(where  the  longer  flap  comes  from  the  posterior  aspect). 

Elliptical  Method  of  Amputation. — This  is  not  a  distinct  form 
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of  amputation.  It  may  be  considered  a  variety  of  the  circular  method 
(an  oblique  circular),  or,  equally,  a  variety  of  single-flap  amputation. 
It  is  circular,  as  to  skin-incision;  and  flap,  as  to  its  manner  of  covering 
the  stump  and  in  the  suturing.  The  skin-incision  is  in  the  form  of 
an  ellipse  or  a  lozenge,  the  upper  part  of  the  ellipse  being  upon  one 
aspect  of  the  limb  and  the  lower  part  upon  the  opposite,  the  lateral 
limbs  of  the  figure  crossing  the  lateral  aspects  of  the  limb  to  be  ampu- 
tated. 

Technic. — Having  fixed  upon  the  saw-line  (or  line  of  disarticula- 
tion), a  point  is  determined  above  this,  on,  say,  the  posterior  aspect 
of  the  limb,  which  is  just  above  the  saw-line.  This  becomes  the  highest 
point  of  the  ellipse.  The  point  marking  the  lowest  point  of  the  ellipse 
is  placed  upon  the  opposite  side  of  the  limb,  at  a  distance  below  the 
saw-line  equal,  approximately,  to  1A  diameters  of  the  limb  at  the  saw- 
line  (as  there  is  but  this  one  source  of  covering).  Between  these  two 
points  the  lateral  limbs  of  the  ellipse  pass,  crossing  the  lateral  aspects 
of  the  limb  to  be  operated  obliquely,  from  above  downward,  and  so 
planned  as  to  give  a  well-rounded  convex  termination  of  the  ellipse 
below  to  be  brought  up  and  fitted  into  a  corresponding  concavity 
above.  The  incision  first  passes  around  the  outline  of  the  ellipse, 
through  skin  and  fascia  only.  Around  the  lower  three-fourths  of  the 
line  of  this  retracted  skin  and  fascia  a  second  incision  passes  through 
the  muscles  to  the  bone.'  The  soft  parts  (skin  and  muscles)  forming 
the  lower  part  of  the  ellipse  (the  part  that  is  to  remain  attached  to 
the  limb  which  is  to  be  retained)  are  now  dissected  up  from  the  bone 
to  a  point  sufficiently  below  the  upper  limit  of  the  ellipse  to  allow  a 
musculoperiosteal  or  capsuloperiosteal  covering  to  be  raised,  and 
then  on  up  to  just  below  the  upper  limit  of  the  ellipse  (that  is,  to  the 
saw-line  or  line  of  disarticulation).  This  large  single  mass  of  soft 
parts  is  well  retracted,  and  the  muscles  on  that  aspect  of  the  limb 
opposite  to  the  one  furnishing  the  muscles  in  the  elliptical  covering 
are  circularly  divided,  and  the  limb  sawed,  or  disarticulated,  pre- 
serving the  periosteum  in  the  usual  way.  The  lower  convexity  of  the 
elliptical  flap  is  now  sutured  into  the  upper  concavity  left  by  the  part 
of  the  limb  removed,  the  musculoperiosteal,  or  capsuloperiosteal, 
covering  and  the  muscles  being  treated  in  the  general  manner  by 
buried  gut  .sutures,  and  the  skin  wound  closed. 

Resulting  Stump. — The  ellipse  is  generally  taken  from  a  locality 
which  affords  a  plentiful  covering  for  the  extremity,  which  is  thus 
well  provided  for.     The  scar  is  lateral. 

Indications. — Chiefly  used  for  disarticulations,  especially  at  the 
elbow  and  wrist,  and  in  the  supramalleolar  amputation. 

Comment. — The  muscle  portion  of  the  ellipse  may  be  cut  also  by 
transfixion,  though,  as  usual,  less  satisfactorily. 

Irregular  Methods  of  Amputation.— This  is  a  special  feature 
of  modern  surgery.  Formerly  amputations  were  done  upon  hard- 
and-fast  lines.  Now  there  is  a  marked  tendency  to  allow  the  method 
of  amputation  to  be  determined  by  the  special  features  and  need  of 
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the  individual  case,  and,  as  a  result,  irregular  amputations  are  more 
commonly  done.  These,  while  accomplishing  the  general  indications, 
are  not  bound  by  any  set  rule,  shape,  or  measurement.  On  common- 
sense  ground  the  practical  surgeon,  therefore,  should  adapt  his 
method  of  amputation  to  the  case  in  point,  rather  than  be  bound  by 
any  fixed  form  of  amputation.  The  greatest  field  for  irregular  forms 
of  amputation  is  in  cases  of  injury  and  deformity,  rather  than  of 
disease. 

Selection  of  Amputation  Method. — Many  considerations  enter 
into  the  determination  of  the  best  method  of  amputation  in  a  par- 
ticular case,  and  the  choice  should  be  given  to  that  method  which 
promises  to  fulfil  the  greatest  number  of  the  following  features: 

Characteristics  of  Good  Amputation  Methods. — (1)  Minimum 
sacrifice  of  healthy  tissue;  (2)  best  permanent  bone-covering;  (3) 
small  wound  area;  (4)  good  blood-supply  to  stump;  (5)  favorably 
placed  cicatrix;  (6)  efficient  drainage;  (7)  simplicity  of  method;  (8) 
vessels  and  muscles  cut  transversely;  (9)  possibility  of  getting  satis- 
factory musculoperiosteal  covering;  (10)  ease  of  exposing  bone  at 
saw-line;  (11)  ease  of  bringing  soft  parts  together  over  bone  without 
tension;  (12)  adjustability  of  artificial  limb;  (13)  largest  range  of 
adaptability;  (14)  shapeliness  of  resulting  stump;  (15)  rapidity  of 
method. 

Comment. — Circumstances  may  determine  the  selection  of  an 
amputation  method  known  in  advance  not  to  be  the  best,  for  instance, 
owing  to  the  increased  mortality  in  approaching  the  trunk  a  limb  may 
be  removed,  in  a  case  where  the  vitality  of  the  patient  demands  that 
every  chance  be  given  him,  at  a  level  which,  while  increasing  his 
chances  for  life,  may  not  furnish  the  best  covering.  Again,  in  amputat- 
ing about  the  hand,  it  may  conserve  the  interest  of  the  patient  better 
to  be  satisfied  with  even  a  partial  flap  and  allow  the  remainder  to  heal 
by  granulation,  rather  than  remove  an  additional  £  cm.  (J  inch)  of 
an  important  finger.  Rapidity  of  method  used  to  be  the  chief  con- 
sideration, but  is  now  the  last  in  importance,  except  in  special  in- 
stances— other  considerations  taking  precedence — the  operation  being 
done  with  deliberation  and  precision. 

Features  of  the  Circular  Method  of  Amputating. — (1)  Minimum 
sacrifice  of  bone  and  soft  parts  of  any  method.  (2)  Bone  especially 
well  covered  in  the  infundibuliform  variety.  Conical  stump  some- 
times follows  retraction,  especially  in  the  cuff  and  modified  varieties 
of  the  circular.  (3)  Smallest  wound  area  of  any  method.  (4)  Tissues 
of  stump  well  supplied  with  blood.  (5)  Cicatrix  terminal.  (6) 
Efficient  drainage  when  sutured  anteroposteriorly.  (7)  Most  simple 
of  any  method.  (8)  Main  vessels  and  muscles  cut  transversely.  (9) 
Musculoperiosteal  covering  well  provided.  (10)  Exposure  of  bone  at 
saw-line  not  always  easy.  (11)  Not  always  easy  to  bring  soft  parts 
together  over  bone.  (12)  Terminal  cicatrix  favorable  for  hollow 
artificial  limbs;  unfavorable  for  solid  limbs  of  lower  extremity.  (13) 
Unfavorable  for  amputation  following  injury  involving  the  aspects  of 
vol.  v — 51 


802  AMPUTATIONS. 

the  limb  to  unequal  heights.  (14)  Somewhat  greater  tendency  to 
become  conical.     (15)  Most  rapid  of  any  method. 

Features  of  the  Flap  Method  of  Amputating. — (1)  Greater  sac- 
rifice of  bone  and  soft  tissues  (especially  in  unequal  flaps).  (2) 
Coverings  of  bone  can  be  more  largely  regulated  to  suit  demand. 
Conical  stumps  less  apt  to  follow  than  after  the  cuff  and  modified 
forms  of  the  circular.  (3)  Greater  wound  area.  (4)  In  long  flaps 
the  blood-supply  may  not  be  so  satisfactory.  (5)  Terminal  or  termino- 
lateral  cicatrix — can  be  planned  as  desired.  (6)  Drainage  as  efficient 
as  in  the  circular  if  the  flaps  be  lateral.  Not  so  efficient  if  the  flaps 
be  anteroposterior.  (7)  Not  so  simple  as  the  circular.  (8)  Muscles 
divided  obliquely;  vessels  also,  and  latter  may  be  split  up.  (9) 
Musculoperiosteal  covering  well  provided.  (10)  Bone  easily  exposed 
at  the  saw-line.  (11)  Flaps  easily  brought  together  over  bone.  (12) 
Terminal  cicatrix  favorable  for  any  hollow  artificial  limb.  Terminal 
portion  of  terminolateral  cicatrix  pressed  upon  by  solid  lower  limb, 
and  lateral  portion  pressed  upon  by  any  hollow  artificial  limb.  (13) 
Favorable  for  amputations  following  injury  involving  the  aspects 
of  the  limbs  unequally.  Adaptable  to  any  part  of  any  limb.  (14) 
Stump  apt  to  be  more  shapely  than  that  of  the  circular.  (15)  Less 
rapid  than  the  circular. 

Circumstances  Influencing  Death-rate  after  Amputation. — The 
death-rate  is  greater — (1)  The  nearer  the  amputation  is  to  the  trunk; 
(2)  in  the  lower  than  in  the  upper  limbs;  (3)  for  injury  than  for  disease; 
(4)  in  men  than  in  women;  (5)  between  the  ages  of  five  to  fifteen  than 
before  or  after. 

PRIMARY,  INTERMEDIATE,  AND  SECONDARY  AMPUTATIONS. 

In  amputations  done  for  disease  the  time  for  operation  may  be 
selected  which  will  coincide  with  the  patient's  best  condition  to  meet 
the  procedure.  Amputations  done  for  injury  are  primary  (performed 
immediately  after  the  reception  of  the  injury),  intermediate  (in  the 
course  of  wound  repair),  or  secondary  (after  healing).  In  primary 
amputations  the  operation  should  be  done  at  once  if  the  general 
condition  of  the  patient  permit.  If  the  condition  of  shock  (from 
physical  effect  and  blood  loss)  contraindicates  immediate  interference, 
stimulation,  intravenous  infusion,  direct  transfusion  of  blood  (p.  615), 
the  application  of  heat,  and  the  like,  should  be  resorted  to,  and  the  limb 
removed  during  the  reactionary  period  (generally  within  thirty-six 
hours).  If  the  condition  of  shock  is  thought  to  be  kept  up  by  the 
damaged  limb,  amputation  should  be  done  at  once,  the  above  meas- 
ures of  revival  being  maintained  the  while. 

ENDONEURAL  INFILTRATION  WITH  LOCAL  ANESTHETIZING  AGENTS 
IN  THE  COURSE  OF  THE  LARGER  AMPUTATIONS. 

It  has  been  recommended,  in  addition  to  general  anesthesia  in 
performing  amputations  of  greater  importance,  to  " block"  the  larger 
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nerve-trunks  as  they  are  encountered  in  the  course  of  the  amputation 
by  the  local  injection  of  cocain,  eucain,  or  other  anesthetizing  solution. 
By  this  means  it  is  thought  that  lowered  blood-pressure  and  shock 
would  be  lessened. 


THE  AMPUTATION  STUMP. 

Qualities  of  a  Good  Stump. — Firm  in  consistency,  well  covered, 
insensitive,  of  regular  and  symmetric  contour.  The  death-rate  and 
the  quality  of  the  stump  determine  the  success  of  any  form  of  amputa- 
tion. The  following  features  are  characteristic  of  a  good  stump  and 
also  indicate  the  changes  which  follow  successful  amputation: 

Skin. — Not  adherent,  except  at  cicatrix.  Capable  of  withstanding 
(and,  preferably,  accustomed  to  withstand)  pressure.  Plentifully 
supplied  with  blood. 

Muscles. — The  muscles  of  a  stump  are  not  retained  as  such;  the 
muscle  tissue  disappears  in  greater  part  and  is  replaced  by  fibrous 
tissue.  Exceptionally  some  muscle  tissue  remains  and  continues  to 
function.  The  mass  of  fibrous  tissue  which  replaces  it,  however, 
serves  a  useful  purpose  as  padding  over  the  end  of  the  bone.  In  brief, 
muscle  tissue  tends  to  decrease  and  fibrous  tissue  to  increase.  Mus- 
cles and  tendons  either  become  incorporated  in  the  cicatrix,  form  new 
attachments  to  bone,  or  retract  out  of  the  way. 

Bone. — The  ends  of  the  bones  become  rounded  and  the  medullary 
canals  closed  by  fibrous  tissue.  The  end  of  the  bone  may  either 
dwindle  and  atrophy,  or  the  periosteum  may,  exceptionally,  deposit 
an  excess  of  bone.  The  shaft  of  the  bone  in  an  amputated  limb  also 
atrophies  somewhat. 

Cartilage. — Following  a  disarticulation,  the  articular  cartilage  left 
atrophies  and  sometimes  entirely  disappears. 

Nerves. — Also  atrophy  to  a  greater  or  less  extent.  The  ends 
generally  become  bulbous,  but  give  no  trouble  unless  they  become 
adherent  to  bone  or  cicatrix. 

Vessels. — Share  in  the  general  atrophy,  and  dwindle  to  a  size 
commensurate  with  the  parts  to  be  supplied.  Ligated  trunks  become 
obliterated  to  their  nearest  branch.  Collateral  circulation  is  estab- 
lished. 

Characteristics  of  a  Bad  Stump. — In  contradistinction  to  the 
general  qualities  of  a  good  stump,  a  bad  stump  may  be  flaccid,  scantily 
covered,  sensitive,  of  irregular  contour,  and  may  be  further  charac- 
terized  by   the   following  conditions: 

Skin. — Thin,  scanty,  tightly  drawn,  adherent,  puckered,  cold  or 
purple  from  improper  circulation,  ulcerated  from  the  same  cause,  or 
from  trophic  changes,  develop  corns,  and  may  become  malignant. 

Muscles. — See  the  changes  mentioned  in  the  last  section. 

Connective  Tissue. — Bursae  may  form. 

Bone. — Osteitis,  periosteitis,  and  necrosis  may  occur. 

Two  special  forms  of  bad  stump  are  met  with: 
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Painful  Stump. — This  may  be  due  to  osteitis  or  periosteitis,  but  is 
generally  due  to  compression  of  the  nerve.  The  nerve  may  be  directly 
pressed  upon  by  new  bone  or  fibrous  tissue  may  be  stretched  over 
the  stump,  or  may  be  the  seat  of  neuritis.  The  end  of  a  painful  nerve 
is  generally  bulbous,  but  often  normal-looking  nerve-ends  are  sensitive 
and  bulbous  ones  non-sensitive. 

Conical  Stump. — The  end  of  the  bone  forms  the  apex  of  a  cone 
which  may  be  the  result  of  one  or  more  of  the  following  causes — (1) 
Flaps  cut  too  short  or  bone  too  long.  (2)  Sloughing  or  suppuration 
of  the  soft  parts.  (3)  Postoperative  contraction  of  muscles.  (4) 
Growth  of  the  bone  from  an  active  epiphysis  in  the  young.  This  is 
especially  to  be  anticipated  in  amputations  of  the  upper  arm  and  of 
the  leg  below  the  knee,  since  the  chief  growth  of  the  humerus  and 
tibia  and  fibula  in  length  is  at  the  upper  end.  Hence  in  the  young 
the  flaps  should  be  made  longer  than  usual. 

Comment. — Unfavorable  changes  are  less  apt  to  occur  in  case  of 
primary  union  than  in  the  reverse. 

Contractility  of  the  Tissues'  of  the  Stump. — Skin.— The 
average  contractility  of  the  skin  is  equivalent  to  about  one-third  of 
its  length.  It  is  most  contractile  where  thinnest,  where  the  subcu- 
taneous tissue  is  least,  where  its  attachment  to  underlying  parts  is 
least,  where  it  is  least  stretched  by  movements,  and  where  the  process 
of  healing  has  been  longest.  It  is  least  contractile  where  the  opposite 
conditions  exist. 

Muscles. — The  extremes  of  muscular  contractility  vary  from  a 
slight  separation  of  divided  parts  up  to  a  retraction  of  four-fifths  of 
their  length.  Contractility  is  primary,  where  it  occurs  at  the  time  of 
the  operation,  and  secondary,  where  it  occurs  subsequent  to  the 
operation.  Muscles  contract  most  which  are  freest  between  origin 
and  insertion,  which  have  long  fibers,  and  where  the  process  of  healing 
has  been  longest.  The  larger  the  muscle,  the  greater  the  amount  left 
in  the  flap,  and  the  younger  and  healthier  the  subject,  the  greater  the 
contraction.  Muscles  contract  least  where  the  conditions  are  the 
reverse. 

Skin,  Fascia,  and  Muscles. — The  average  contractility  of  the  mixed 
tissues  of  a  flap,  or  covering,  is  generally  equivalent  to  about  one- 
third  of  the  length  of  the  flap  or  covering.  Additional  length, 
however,  should  be  allowed  in  calculating  the  length  of  coverings — 
(1)  When  the  transverse  section  of  the  bone  is  large  as  compared  with 
the  transverse  section  of  the  soft  parts;  (2)  when  the  amputation  is 
considerably  below  the  origin  of  the  muscle  involved;  (3)  when 
secondary  retraction  is  expected. 

Position  of  Stump-cicatrices. — The  cicatrix  should  be  so 
placed  as  to  be  the  least  exposed  to  pressure  after  the  healing  of  the 
wound. 

With  Reference  to  Their  Position. — Scars  may  be  terminal — at  the 
end  of  the  stump;  lateral — on  one  or  more  sides  of  the  stump;  termino- 
lateral — occupying  the  end  and  side  of  the  stump. 
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With  Reference  to  Their  Production. — The  following  methods  of 
amputation  produce  the  following  kinds  of  scars:  Circular  is  followed 
by  terminal  scar — elliptic,  by  lateral  scar,  if  the  ellipse  be  oblique,  and 
terminal  if  the  ellipse  be  nearly  horizontal;  oval,  by  terminolateral ; 
racket,  by  terminolateral;  single  flap,  by  lateral  scar;  double  flap,  by 
terminal  scar,  if  the  flaps  be  equal,  and  lateral  if  the  flaps  be  unequal. 

Comment. — (1)  Other  things  being  equal,  that  method  of  amputa- 
tion should  be  chosen  which  will  bring  the  scar  in  the  most  favorable 
position  for  that  particular  case,  and  especially  with  reference  to  the 
subsequent  functioning  of  the  stump  and  its  adaptability  to  an 
artificial  limb.  (2)  In  amputating  in  some  situations  the  muscles  of 
one  group  being  so  much  stronger  than  those  of  another,  will  often 
draw  a  scar,  terminal  at  the  time  of  operation,  much  higher  up  upon 
one  aspect  than  it  will  be  drawn  on  the  opposite  aspect.  Allowance 
for  such  an  occurrence  has,  therefore,  to  be  made. 

Function  of  Amputation  Stumps. — In  the  Upper  Extremity. — 
The  chief  function  of  the  stump  in  the  upper  extremity  is  range  of 
movement  and  power  to  wield  an  artificial  limb,  rather  than  to  bear 
pressure  and  weight.  As  the  chief  pressure  of  an  artificial  limb 
comes  upon  the  lateral  aspects  of  the  stump,  the  scar  of  the  stump  in 
the  upper  extremity  is  best  when  terminally  placed. 

In  the  Lower  Extremity. — The  chief  function  of  the  stump  in  the 
lower  extremity  is  to  bear  pressure  and  weight.  As  the  chief  pressure 
of  a  solid  artificial  limb  comes  upon  the  end  of  the  stump,  the  scar  of 
the  stump  in  the  lower  extremity  is  best  when  laterally  placed  in  those 
cases  in  which  a  solid  artificial  limb  is  to  be  worn.  As,  however,  most 
modern  artificial  limbs  for  the  lower  extremity,  for  the  better  classes, 
are  hollow,  there  is  not  now  made  the  same  difference  as  formerly. 

The  Modern  Type  of  Artificial  Limb. — While  the  above  was  particu- 
larly true  of  the  older,  cruder  forms  of  artificial  limbs  (and  is  still  true 
of  the  peg-leg),  the  modern  forms  of  artificial  limbs  are  nearly  always 
made  upon  the  basis  of  a  light,  hollow  cone,  and  are  so  adjusted  as 
largely  to  adapt  themselves  to  the  conditions  found,  and,  generally 
speaking,  most  of  the  pressure  is  on  the  lateral  aspects  of  the  stump 
and  living  limb  against  the  sides  of  the  hollow  cone  of  the  artificial 
limb,  so  that  pressure  is  exercised  upon  the  lateral  aspects  of  the  living 
stump  and  limb  rather  than  upon  the  end;  and  in  the  lower  as  well  as 
in  the  upper  extremity. 

Comment. — A  function  of  the  stump  of  the  upper  extremity, 
especially  about  the  hand,  and  more  particularly  of  a  woman,  is  to  be 
as  symmetrical  and  shapely  as  possible,  in  the  case  of  partial  sacrifice 
of  that  member.  While  in  the  case  of  a  laborer  it  would  certainly 
be  better  to  sacrifice  appearance  to  strength  and  utility,  one  might 
be  urged  to  sacrifice  strength  for  appearance  in  the  case  of  a  woman 
of  the  non-working  class. 
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SITE   OF    AMPUTATION    IN    CONNECTION    WITH    THE    RESULTING 
STUMP  AND  ITS  ADAPTABILITY  TO  AN  ARTIFICIAL  LIMB. 

The  choice  of  the  site  of  amputation  is  determined  by  the  resulting 
mortality  and  the  fitness  of  the  stump  for  an  artificial  limb.  Con- 
cerning the  effect  of  the  amputation  site  upon  mortality,  see  Circum- 
stances Influencing  the  Death-rate  after  Amputation  (p.  802). 

In  general,  the  longer  the  stump,  the  more  useful  the  limb.  Con- 
siderable responsibility  rests  with  the  surgeon  in  choosing  the  site  and 
technic  of  operation  which  will  leave  the  patient  the  best  stump, 
circumstances  considered,  adaptable  to  an  artificial  limb. 

While  formerly  it  was  taught  that  we  must  save  every  fraction  of 
limb  possible,  it  is  now  regarded  as  better  for  the  patient's  interest 
to  select  that  site  and  form  of  amputation  furnishing  a  stump  best 
suited  to  take  an  artificial  limb  of  the  widest  range  of  function.  In 
planning  the  form  of  skin-covering  it  is  to  be  remembered  that  if  the 
scar  be  not  terminal,  it  should  be  somewhat  posterior  or  lateral,  rather 
than  anterior,  as  the  movement  to  force  an  artificial  limb  forward 
causes  the  apparatus  to  press  upon  an  anterior  scar.  For  the  same 
reasons  the  ends  of  divided  bones  wrhich  lie  near  the  skin,  which  is 
generally  their  anterior  aspect,  should  be  rounded,  so  as  not  to  be 
pressed  by  the  false  limb. 

In  planning  an  efficient  stump  distal  to  a  joint,  sufficient  length 
below  the  joint  must  be  provided  to  bear  upon  and  wield  or  swing  the 
artificial  limb.     Every  additional  inch  is  here  a  matter  of  importance. 

The  primary  function  of  the  upper  artificial  limb  is  for  prehension — 
of  the  lower,  to  bear  weight  and  admit  of  locomotion. 

As  the  main  growth  in  the  length  of  the  humerus  and  tibia  and 
fibula  is  from  the  upper  epiphysis,  amputation  through  the  shaft 
of  these  bones,  in  the  young,  will  almost  certainly  be  followed  by  a 
conical  stump,  which  will  often  require  reamputation. 

In  the  lower  extremity  an  osteoplastic  amputation  is  preferable 
where  feasible,  especially  in  operation  for  disease,  where  a  deliberate 
calculation  can  be  made. 

The  general  tendency  of  the  day  in  operating  about  the  foot  is  to 
regard  the  foot  as  a  whole,  irrespective  of  joint-lines,  and  to  amputate 
along  improvised  lines  adapted  to  the  special  case. 

Classic  and  irregular  amputations  through  the  tarsus,  though  con- 
demned by  artificial-limb-makers,  and  though  supposed  by  some  to 
yield  too  large  a  proportion  of  sensitive  stumps,  should  be  performed 
in  preference  to  amputations  above  the  ankle. 

The  lower  third  of  the  leg  is  the  place  of  election  in  amputating 
through  the  leg,  rather  than  the  formerly  given  "hand's-breadth" 
below  the  knee-joint.  In  the  latter  case  too  limited  a  length  of  bone 
is  left  for  good  leverage  in  adapting  a  false  limb.  The  site  of  choice 
is  near  the  junction  of  the  middle  and  lower  thirds  of  the  leg,  thus 
leaving  room  for  an  artificial  ankle-joint. 

Under  no  circumstances  amputate  through  the  tibia  higher  than 
8  cm.  (3  inches)  below  its  superior  articular  surface. 
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In  amputating  in  the  neighborhood  of  the  knee-joint,  one  of  the 
osteoplastic  operations  by  which  a  piece  of  bone  from  the  tibia  is 
approximated  to  the  sawn  end  of  the  femur  in  the  condyloid  region 
serves  a  useful  purpose,  furnishes  a  stump  that  will  bear  pressure 
well,  and  generally  leaves  room  for  the  artificial  knee-joint  in  an 
approximately  normal  position.  Amputation  through  the  thigh 
8  cm.  (3  inches)  above  the  knee-joint  gives  ample  room  for  an  artificial 
joint  in  a  normal  position.  Amputations  through  the  thigh  higher 
than  its  middle  do  not  furnish  as  satisfactory  a  stump  as  those  at  and 
below  this  level.  In  operating  above  the  knee,  however,  it  is  to  be 
borne  in  mind  that  the  weight  is  also  borne  by  the  ischioperineal 
parts. 

SPECIAL  AMPUTATIONS. 

Amputation  Through  Last  Phalanx  of  Fingers.— By  Palmar 
Flap. — The  covering  consists  of  a  single  palmar  flap  of  all  the  tissues 
down  to  the  bone. 

The  position  of  the  principals,  in  the  case  of  all  the  amputations 
about  the  fingers,  is  as  follows:  The  patient  rests  upon  the  back,  the 
upper  extremity  held  out  from  the  body,  or,  better,  supported  on  a 


Fio.  329. — Amputations  Abodt  the  Finger*. 

A.  Through  first  phalanx,  by  equal  palmar  and  dorsal  flaps;  B,  first  interphalangeal  Joint,  by  long 

palmar  and  short  dorsal  haps;  C,  second  interphalangeal  joint,  by  palmar  flap. 

small  table,  the  hand  pronated  and  fingers  flexed  while  t)ie  dorsal 
incisions  are  made,  and  the  hand  supinated  and  fingers  extended 
during  the  palmar  incisions.  The  assistant  stands  in  front  of  the 
surgeon,  between  him  and  the  shoulder  of  the  patient,  steadying  the 
hand  with  both  of  his  own  and  holding  the  adjacent  fingers  out  of  the 
way.  The  surgeon  holds  the  digit  to  be  removed  with  the  thumb  and 
forefinger  of  his  left  hand,  with  the  back  of  the  thumb  downward  and 
his  hand  pronated  during  palmar  incisions,  and  with  his  thumb  upward 
and  his  hand  supinated  during  dorsal  incisions. 

The  space  is  so  limited  that  the  saw-line  can  be  placed  only  between 
the  matrix  of  the  nail  and  the  proximal  end  of  the  second  phalanx. 

The  palmar  incision  extends  from  the  saw-line  downward  along  the 
lateral  aspect  of  the  phalanx,  midway  between  the  dorsal  and  palmar 
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surfaces,  around  the  center  of  the  pulp,  and  back  to  the  saw-line  on 
the  opposite  side.  The  dorsal  incision  connects  the  upper  ends  of  the 
palmar  incision,  passing  transversely  over  the  dorsum  with  slight 
downward  convexity.  (For  principle,  see  Fig.  329,  C,  and  Fig.  330,  C, 
where  disarticulation  at  the  last  interphalangeal  joint  is  shown  by  this 
method.) 

Having  outlined  these  incisions,  carry  the  palmar  incision  to  the 
bone,  dissect  up  the  palmar  tissues  down  to  the  bone,  deepen  the 
dorsal  incision  to  the  bone,  retract  the  soft  parts  in  the  entire  circum- 
ference, and  saw  the  phalanx  with  a  fine  saw,  while  holding  the  tip 
of  the  phalanx  with  bone-holding  forceps  (as  there  is  generally  too 
little  room  for  the  fingers  of  the  operator  to  grasp).     Ligate  the  palmar 

digital  arteries  on  each  side. 
Suture  the  deep  flexor  tendon 
to  the  periosteum  or  flap.  Su- 
ture the  palmar  flap  to  the  trans- 
verse dorsal  line. 

Disarticulation  Through 
Second  Interphalangeal  Joints 
of  Fingers. — By  Palmar  Flap. — 
The  position  is  the  same  as  for 
amputation  through  the  last 
phalanx  (p.  807).  The  landmark 
is  the  second  interphalangeal 
joint-line. 

The  palmar  incision  begins 
opposite  the  joint-line,  midway 
between  the  dorsal  and  palmar 
surfaces,  passes  down  the  lateral 
aspect  for  a  distance  equal  to 
one  and  one-half  diameters  of 
the  finger  at  the  disarticulation- 
line,  crosses  the  palmar  aspect 
with  bluntly  rounded  corners, 
and  passes  upward  to  the  corre- 
sponding point  on  the  opposite 
side  of  the  finger.  The  dorsal 
incision  connects  the  upper  end  of  the  palmar  incision  by  a  transverse 
incision  made  over  the  dorsum  of  the  joint,  with  slight  downward 
convexity  (Fig.  329,  C,  and  Fig.  330,  C). 

Having  outlined  these  incisions  through  skin  and  fascia,  carry  the 
palmar  incision  to  the  bone  on  a  line  with  retracted  skin,  and  dissect 
the  soft  parts  up  from  the  bone.  Deepen  the  dorsal  incision  to  the' 
bone  along  the  line  of  the  retracted  skin,  open  the  joint  from  the 
dorsum,  and  disarticulate  from  within  outward.  There  is  no  theca 
here  to  close.  Suture  the  deep  flexor  tendons  into  the  neighboring 
tissues.  Ligate  the  two  digital  arteries.  Suture  the  palmar  flap  to 
the  dorsal  line. 


Fig.  330.— Amputations  About  the  Thumb. 
A.  Disarticulation  of  thumb  at  carpometa- 
carpal joint  by  oval  incision;  B,  disarticulation 
at  metacarpophalangeal  joint  by  oblique  palmar 
flap;  C,  disarticulation  at  interphalangeal  joint 
by  palmar  flap. 
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Amputation  Through  Second  Phalanx  of  Fingers. — By  Palmar 
Flap. — The  position  is  the  same  as  for  amputation  through  the  last 
phalanx  (p.  807). 

The  landmarks  are  the  lines  of  the  proximal  and  distal  joints. 

The  palmar  incision  begins  opposite  the  saw-line  in  the  midlateral 
aspect  of  the  finger,  passes  vertically  downward  a  distance  equivalent 
to  one  and  one-half  diameters  of  the  finger  at  the  saw-line,  crosses  the 
palmar  aspect  with  bluntly  rounded  corners,  passes  vertically  upward 
in  the  midlateral  aspect  of  the  opposite  side  to  a  point  corresponding 
with  the  one  of  beginning.  The  dorsal  incision  connects  the  upper 
limits  of  the  limbs  of  the  palmar  incision,  passing  transversely  across 
the  dorsum  with  slight  downward  convexity.  (For  principle,  see 
Fig.  329,  C,  and  Fig.  330,  C,  where  disarticulation  at  the  last  inter- 
phalangeal joint  is  shown  by  this  method.) 

The  above  incisions  are  deepened  to  the' bone,  the  palmar  first  and 
then  the  dorsal,  on  a  line  with  the  retracted  skin.  The  soft  parts  are 
dissected  off  the  bone  back  to  the  saw-line,  and  are  retracted  while 
the  bone  is  being  sawed.  Ligate  the  digital  arteries.  In  amputating 
distally  to  the  upper  third  of  the  second  phalanx,  the  superficial 
flexor  tendon  will  retain  its  attachment.  The  deep  flexor  tendon 
will,  however,  be  severed,  and  should  be  sutured  into  the  mouth  of  the 
fibrous  sheath  (which  ends  at  the  middle  of  the  second  phalanx) 
and  into  neighboring  periosteum  and  soft  parts,  if  necessary — the 
closure  of  the  sheath  being  accomplished  in  the  process  of  anchoring 
the  deep  flexor  tendon.     The  flap  is  then  sutured  in  the  usual  way. 

Disarticulation  at  First  Inter  phalangeal  Joints  of  Fingers. 
— By  Palmar  Flap. — The  position  is  as  in  amputation  through  last 
phalanx  of  the  finger  (p.  807). 

The  landmark  is  the  first  interphalangeal  joint-line. 

The  incisions  are  the  same  as  for  the  disarticulation  of  a  finger 
at  the  second  interphalangeal  joint-line  by  a  palmar  flap  (p.  808, 
and  for  principle  see  Fig.  330,  C). 

The  operation  is  the  same,  in  principle,  as  the  disarticulation  at  the 
second  joint  of  the  finger.  Both  the  flexor  tendons  are  here  severed 
below  their  insertions,  and  the  use  of  the  proximal  phalanx  would  be 
much  interfered  with  unless  these  tendons  were  securely  attached  to 
the  sheath,  periosteum,  or  glenoid  ligament  of  the  stump. 

Amputation  Through  First  Phalanx  of  Fingers. — By  Palmar 
Flap. — The  position  is  as  for  amputation  through  the  last  phalanx 
(p.  807). 

The  landmarks  are  the  lines  of  the  metacarpophalangeal  and 
first  interphalangeal  joints. 

The  incisions  and  operation  are  the  same  as  for  the  amputation 
through  the  second  phalanx  (vide  supra).  For  reference  to  the  flexor 
tendons  see  under  Disarticulation  at  the  First  Interphalangeal  Joint 
by  the  Palmar  Flap  (vide  supra). 

Disarticulation  of  Fingers,  in  General,  at  Metacarpophalan- 
geal Joints. — By    Oval   Method. — The    queue   is   placed    over  the 
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dorsum  of  the  joint,  and  the  center  of  the  oval  passes  across  the 
palmar  aspect  of  the  web-line. 


^   % 


^J 


^t_*4 


Fig.  331. — Amputations  About  the  Fingers,  Hand,  and  Wrist. 
A,  Through  second  phalanx  of  little  finger,  by  single  internal  flap;  B,  at  first  interphalangeal 
joint,  by  oval  method;  C.  through  second  phalanx,  by  equal  lateral  flaps;  D,  through  second  phalanx 
of  index,  by  single  external  flap;  E,  through  first  phalanx,  by  oblique  circular:  F,  through  first 

Shalanx.  by  ordinary  circular;  G,  at  metacarpophalangeal  joint  of  little  finger,  by  internopalmar 
ap;  H,  at  metacarpophalangeal  joint,  by  oval  method;  I,  at  metacarpophalangeal  joint  of  index, 
by  externopalmar  flap;  J,  of  little  finger  at  carpometacarpal  joint,  by  racket  method;  K,  same  of 
ring  finger;  L,  of  middle  finger  and  part  of  metacarpal,  by  racket  metnod;  M,  of  two  inner  fingers 
at  carpometacarpal  joints,  by  racket  method;  N,  of  thumb  at  carpometacarpal  joint,  by  racket 
method;  O,  through  metacarpophalangeal  joint  of  thumb,  by  oblique  palmar  flap;  P,  P,  at  wrist- 
joint,  by  external  flap. 

The  position  is  as  for  the  amputation  through  the  last  phalanx 
(p.  807). 
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The  landmarks  are  the  head  of  the  metacarpal,  the  metacarpo- 
phalangeal joint-line,  and  the  web  of  the  finger. 


Fio.  332.— Amputations  About  Hand  and  VVribt. 
A,  Disarticulation  of  two  inner  fingers,  together  with  their  metacarpal*,  by  curved  racket  in- 
cision; B,  disarticulation  at  wrist  by  equal  anterior  and  posterior  flaps;  C,  13,  oblique  section  of 
second  and  fifth  metacarpals,  as  sometimes  practised  in  disarticulation  at  metacarpophalangeal 
joints  of  first  and  fourth  hngers;  E,  amputation  of  part  of  metacarpal  by  oval  method,  as  sometimes 
performed  in  disarticulation  at  the  metacarpophalangeal  joints  of  the  innermost  and  outermost 
tinge  rs. 

The  incision  begins  just  above  the  head  of  the  metacarpal,  on  its 
dorsal  aspect  (in  the  position  corresponding  with  its  neck),  passes 
down  the  median  dorsal  aspect  over  the  prominence  of  the  knuckle, 
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to  just  beyond  the  base  of  the  first  phalanx  (which  is  about  midway 
between  the  metacarpophalangeal  joint-line  and  the  free  edge  of  the 
web) — at  this  point  the  hitherto  median  incision  diverges  into  two 
symmetric  limbs — each  sweeping  across  the  dorsolateral  aspect  of 
the  finger  to  just  below  the  junction  of  the  finger  with  the  web,  and 
thence  transversely  across  the  palmar  surface  in  the  line  of  the  crease, 
on  a  level  with  the  free  border  of  the  web,  coming  to  the  opposite 
side  just  below  the  junction  of  the  web  with  the  finger.  This  rather 
extensive  incision  is  best  made  with  three  strokes,  from  the  commence- 
ment to  the  web  of  one  side,  from  the  point  of  divergence  of  the 
median  line  to  the  web  of  the  opposite  side,  and  across  the  palmar 
surface  connecting  the  two  limbs  (Fig.  331,  H,  and  Fig.  332,  E). 

The  above  incision  through  the  skin  and  fascia  is  now  deepened. 
The  palmar  portion  is  cut  to  the  bone,  while  the  finger  is  forcibly 
extended.  The  lateral  portions  are  carried  to  the  bone,  cutting  the 
lumbricales  and  interossei.  The  soft  parts  are  retracted  to  the 
joint-line.  The  extensor  tendons  are  then  cut  and  the  joint  thus 
entered  from  the  dorsum,  the  lateral  ligaments  and  glenoid  ligament 
being  cut  from  within,  and  the  disarticulation  completed.  The  two 
digital  arteries  are  tied  and  the  synovial  sheath  closed.  The  edges 
of  the  sides  of  the  oval  are  sutured  in  one  vertical,  anteroposterior 
line,  in  continuation  with  the  queue  of  the  incision.  The  splint  applied 
should  include  the  wrist-joint. 

Disarticulation  of  Thumb  at  Metacarpophalangeal  Joint- 
By  Oblique  Palmar  Flap  (Farabeuf). — This  method  consists  of  two 
U-shaped  incisions,  the  dorsal  having  its  convexity  upward,  the  palmar 
having  its  convexity  downward,  the  limbs  of  each  U  passing,  and 
obliquely  meeting,  on  the  lateral  aspect  of  the  thumb. 

The  position  is  the  same  as  for  the  amputation  through  the  last 
phalanx  (p.  807). 

The  landmarks  are  the  lines  of  the  metacarpophalangeal  and 
interphalangeal  joints. 

The  convexity  of  the  dorsal  u  is  upward,  and  corresponds  with 
the  dorsal  aspect  of  the  metacarpophalangeal  joint.  The  convexity 
of  the  palmar  u  is  downward,  and  is  placed  just  above  the  interphalan- 
geal joint-line.  Between  these  two  rounded  extremities  the  lateral 
limbs  pass  in  an  oblique  direction  along  the  lateral  borders  of  the 
thumb,  becoming  continuous  with  each  other  (Fig.  330,  B,  and  Fig. 
331,  O). 

This  incision  is  deepened  throughout  to  the  bone,  along  the  line 
of  the  retracted  skin;  the  extensor  brevis  pollicis  and  the  extensor 
longus  pollicis  are  divided  over  the  metacarpophalangeal  joint,  and 
the  flexor  longus  pollicis  about  the  center  of  the  first  phalanx;  the 
soft  parts  are  freed  back  to  the  joint-line,  the  sesamoid  bones  are 
detached  from  the  base  of  the  first  phalanx  and  left  in  the  flap,  the 
joint  is  entered  from  above,  and  disarticulation  completed.  The 
dorsalis  pollicis  and  the  two  branches  of  the  princeps  pollicis  are  to 
be  tied.     The  synovial  sheath  is  closed.     The  convexity  of  the  palmar 
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flap  is  sutured  into  the  concavity  of  the  dorsal  wound,  bringing  the 
cicatrix  well  on  to  the  dorsum  and  out  of  the  way  of  pressure. 

Disarticulation  of  Index-finger  at  Metacarpophalangeal  Joint. 
— By  Externopalmar  Flap  (Farabeuf). — This  is  really  an  oval 
method,  so  modified  as  to  bring  the  cicatrix  upon  the  interno- 
dorsal  aspect  of  the  metacarpophalangeal  region,  so  that  fingers  and 
objects  opposed  to  that  aspect  may  not  come  into  contact  with  the 
scar. 

The  position  is*  the  same  as  for  amputation  through  the  last 
phalanx  (p.  807). 

The  landmarks  are  the  metacarpophalangeal  joint-line,  the  middle 
of  the  first  phalanx,  and  the  web. 

The  incision  begins  at  the  metacarpophalangeal  joint-line,  imme- 
diately over  the  median  aspect  of  the  extensor  tendon,  passes  verti- 
cally down  the  median  dorsal  aspect  of  the  finger,  in  the  above  relation 
to  the  extensor  tendons,  to  the  center  of  the  first  phalanx,  thence 
sweeps  across  the  lateral  and  palmar  aspects  to  the  web,  and  thence 
passes  in  a  straight  line,  by  the  shortest  route,  up  the  inner  side  of 
the  finger  to  the  place  of  beginning  (Fig.  331, 1). 

This  superficial  incision  is  deepened  to  the  bone,  the  soft  parts 
Tetracted  to  the  joint-line,  disarticulation  effected,  and  the  operation 
completed  as  in  the  simple  oval  method.  The  digital,  dorsalis  indicis, 
and  the  radialis  indicis  arteries  are  to  be  tied.  The  flexor  sheath  is 
to  be  closed,  and  the  parts  so  sutured  as  to  cause  the  cicatrix  to 
occupy  the  position  of  the  straight  portion  of  the  incision  upon  the 
internodorsal  aspect. 

Disarticulation  of  Little  Finger  at  Metacarpophalangeal 
Joint. — By  Internopalmar  Flap  (Farabeuf). — This,  also,  is  a  modi- 
fication of  the  oval  method,  so  calculated  as  to  bring  the  cicatrix 
upon  the  externodorsal  aspect  of  the  metacarpophalangeal  region 
that  non-scar  tissue  may  come  into  contact  with  objects  which  press 
the  stump. 

The  position  and  landmarks  are  the  same  as  in  the  last  opera- 
tion. 

The  incision  begins  at  the  metacarpophalangeal  joint-line,  imme- 
diately over  the  median  aspect  of  the  extensor  tendon,  passes  ver- 
tically down  the  dorsal  aspect  of  the  finger,  in  the  above  relation  to 
the  extensor  tendon,  to  the  center  of  the  first  phalanx,  thence  sweeps 
across  lateral  and  palmar  aspects  of  the  finger  to  the  web,  and  thence 
passes  in  a  straight  line,  by  the  shortest  route,  up  the  radial  side  of 
the  finger  to  the  place  of  beginning  (Fig.  331,  G). 

The  steps  of  the  disarticulation  are  completed  as  in  the  corres- 
ponding operation  just  described  upon  the  index-finger,  the  reverse 
of  which  this  is  in  every  respect.  Two  digital  arteries  are  to  be  tied. 
The  parts  are  to  be  so  sutured  as  to  cause  the  cicatrix  to  occupy  the 
position  of  the  straight  portion  of  the  incision,  upon  the  externodorsal 
aspect  of  the  region,  buried  in  the  groove  formed  by  the  adjacent 
finger. 
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Amputation  of  the  Fingers  in  General  with  Parts  of  Their 
Metacarpals  (By  Racket  Method). — The  finger  is  removed  as  one 
continuous  whole  at  the  line  of  section  of  the  metacarpal. 

The  position  is  the  same  as  for  amputation  through  the  last 
phalanx  (p.  807). 

The  landmarks  are  the  outline  of  the  dorsal  aspect  of  the  meta- 
carpal, the  carpometacarpal  joint,  and  the  webs  of  the  fingers. 

The  incision  begins  over  the  dorsum  of  the  metacarpal,  a  short 
distance  above  the  point  at  which  the  bone  is  to  be  sawed,  passes 
thence  downward  over  the  middle  of  the  dorsal  aspect  until  the  neck 
of  the  metacarpal  is  reached,  whence  the  median  line  diverges  into 
two  limbs,  each  limb  passing  down  the  dorsolateral  aspect  of  the 
finger  to  just  below  the  junction  of  the  web  and  the  finger,  whence 
each  limb  crosses  immediately  in  front  of  the  digitopalmar  crease  to 
meet  in  the  palmar  aspect  of  the  finger  (Fig.  331,  L). 

The  incision  is  deepened  to  the  bone  on  the  line  of  the  retracted 
skin.  The  extensor  tendons  are  divided  near  the  upper  end  of  the 
vertical  incision.  The  sides  of  the  shaft  of  the  metacarpal  are  care- 
fully cleared,  hugging  the  bone  in  the  process.  The  region  of  the 
metacarpophalangeal  joint  is  also  freed,  and  the  flexor  tendons 
divided  near  the  neck  of  the  metacarpal,  while  the  finger  is  forcibly 
extended.  The  shaft  of  the  metacarpal  is  further  cleared  up  to  the 
saw-line,  the  finger  being  held  in  extreme  extension.  The  Gigli  or 
chain  saw  is  now  passed  beneath  the  metacarpal,  while  the  soft  parts 
are  held  out  of  the  way,  and  the  bone  sawed  so  as  to  bevel  it  from 
below  upward  and  toward  the  dorsum.  The  digital  arteries  are 
divided  and  are  to  be  tied.  The  synovial  sheath  of  the  flexor  tendons 
should  be  closed  with  gut  sutures.  The  wound  is  sutured  in  a  single 
median  line  upon  the  dorsal  aspect. 

Disarticulation  of  an  Inner  Finger  with  its  Entire  Meta- 
carpal (By  Racket  Incision). — The  finger  is  removed  as  one 
continuous  whole  at  the  carpometacarpal  articulation. 

The  position  is  the  same  as  in  the  preceding  operations. 

The  landmarks  are  the  outline  of  the  dorsal  aspect  of  the  carpo- 
metacarpal articulation  and  the  metacarpal  bone. 

The  incision  begins  just  above  the  carpometacarpal  joint,  passes 
down  the  median  dorsal  aspect  of  the  metacarpal  until  the  neck  is 
reached,  thence  diverges  into  two  limbs,  each  limb  running  over  the 
dorsolateral  aspect  of  the  finger  to  just  below  the  junction  of  the 
web  and  the  finger,  whence  each  limb  crosses  the  digitopalmar  crease 
to  meet  in  the  center  of  the  palmar  aspect  of  the  finger.  If  necessary 
for  the  purpose  of  aiding  disarticulation  at  the  carpometacarpal 
joint,  a  short  transverse  incision  may  be  made  at  a  right  angle  to  the 
upper  end  of  the  queue  (Fig.  331,  K). 

This  incision  is  now  deepened  on  the  line  of  the  retracted  skin  and 
fascia.  The  shaft  of  the  metacarpal  and  the  metacarpophalangeal 
joint  are  carefully  cleared,  hugging  the  bones  as  carefully  as  possible, 
while  an  assistant  keeps  the  finger  in  the  position  of  extreme  extension. 
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The  extensor  tendons  are  divided  as  near  the  upper  limit  of  the  queue 
as  possible,  the  flexor  tendons  near  the  neck  of  the  metacarpal.  The 
sides  of  the  metacarpal  are  now  bared  up  toward  the  carpometacarpal 
articulation,  using  special  care  in  the  palmar  region.  The  ligaments 
of  the  intermetacarpal  joints  and  the  carpometacarpal  joints  are 
divided  by  carefully  thrusting  a  knife  between  the  sides  of  the  bases 
of  the  metacarpals  and  between  the  metacarpals  and  carpal  bones, 
working  from  the  dorsum  of  the  hand.  The  disarticulation  is  com- 
pleted by  forcibly  turning  back  the  finger  upon  the  dorsum  of  the 
hand,  completing  with  a  knife  the  division  of  any  undivided  ligaments, 
insertions  of  tendons,  or  palmar  structures.  The  synovial  sheaths 
of  flexor  tendons  should  be  sutured  with  catgut  if  possible.  Tie  the 
two  digital  arteries,  and  suture  the  wound  in  a  single  median  line 
upon  its  dorsal  aspect. 

Disarticulation  of  Thumb  with  its  Entire  Metacarpal  (By 
Racket  Incision). — The  operation  consists  in  the  removal  of  the 
thumb,  together  with  its  metacarpal,  at  the  carpometacarpal  joint. 

The  position  is  the  same  as  for  the  fingers,  except  that  the  hand  is 
held  midway  between  pronation  and  supination. 

The  landmarks  are  the  outline  of  the  dorsal  aspect  of  the  meta- 
carpal and  the  carpometacarpal  joint. 

The  incision  begins  just  above  the  carpometacarpal  joint-line,  in 
the  mid-dorsal  aspect  of  the  metacarpal,  passing  into  the  "snuff-box," 
if  at  all,  with  great  care,  and,  at  first,  very  superficially,  on  account 
of  the  radial  artery.  The  incision  then  passes  down  the  center  of 
the  dorsum  of  the  thumb  to  the  neck  of  the  metacarpal,  and  here 
divides  into  the  two  limbs  of  an  oval,  which  part  to  encircle  the  head 
of  the  metacarpal,  crossing  the  palmar  apsect  of  the  thumb  on  a  level 
with  the  free  edge  of  the  web,  the  outer  (radial)  of  the  diverging  limbs 
following  the  dorsal  aspect  a  little  further  down  before  sweeping  over 
the  lateral  aspect  than  does  the  inner  (ulnar)  limb  (Fig.  330,  A,  and 
Fig.  331,  N). 

This  incision  is  deepened  on  the  line  of  the  retracted  skin  and 
fascia.  The  extensor  tendons  of  the  first  and  second  phalanges  are 
cut  as  long  as  possible,  so  as  to  be  sutured  into  the  wound.  The 
dorsum  and  sides  of  the  metacarpal  are  cleared  of  soft  parts,  hugging 
the  bone.  The  thumb  is  extended  and  abducted,  and  the  muscles 
attached  to  the  base  of  the  first  phalanx  are  divided  near  the  sesamoid 
bone,  preserving  the  thenar  muscles  as  far  as  possible.  The  palmar 
aspect  of  the  metacarpal  is  cleared  while  an  assistant  rotates  the 
thumb  from  side  to  side,  working  as  near  the  bone  as  possible.  The 
flexor  longus  pollicis  tendon  is  divided  low  down,  so  that  it  may  be 
sutured  into  the  wound.  Disarticulation  is  accomplished  by  severing 
the  binding  ligaments  and  the  extensor  ossis  metacarpi  pollicis,while 
the  thumb  is  flexed  into  the  palm,  opening  the  joint  from  the  dorsum, 
the  thumb  being  then  rotated  in  different  directions  to  complete  the 
disarticulation.  Suture  the  sheath  of  the  flexor  tendon.  Tie  the 
arteria  princeps  pollicis,  or  its  two  branches,  and  the  dorsalis  pollicis. 
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Quilt  the  muscles,  suturing  the  flexor,  extensor,  and  thenar  tendons 
and  muscles  into  the  wound.  The  cicatrix  will  run  in  a  dorsal  median 
line. 

Disarticulation  of  Two  Contiguous  Inside  Fingers  with  their 
Entire  Metacarpals  (By  Racket  Incision). — The  operation  is  the 
same  in  principle  as  that  for  the  removal  of  a  single  finger  and  its 
metacarpal. 

A  vertical  incision  begins  just  above  a  carpometacarpal  joint-line 
and  between  the  bases  of  two  contiguous  metacarpals,  passes  down 
the  back  of  the  hand,  midway  between  the  two  metacarpals  for  about 
one-half  of  their  length,  then  divides  into  the  two  limbs  of  an  oval 
or  racket,  the  radial  limb  passing  to  the  radial  side  of  the  outer  of 
the  two  fingers  to  be  removed,  the  ulnar  limb  to  the  ulnar  side  of  the 


Fig.  333. — Showing  the  Relations  op  the  Various  Metacarpal  to  the  Corresponding  Carpal 
Bones,  ah  Guides  in  Disarticulating  the  Metacarpals  from  the  Carpalb  and  the  Ad- 
jacent Metacarpals. 

inner  of  the  two  fingers  to  be  removed,  to  the  junction  of  the  fingers 
and  webs,  thence  both  limbs  cross  and  meet  beneath  the  fingers  in  the 
digitopalmar  crease. 

The  incision  is  deepened,  the  metacarpals  cleared,  the  tendons 
cut  long,  disarticulation  accomplished,  and  the  operation  completed 
just  as  in  the  disarticulation  of  a  single  finger  and  its  metacarpal. 
The  flexor  and  extensor  tendons  are  to  be  sutured  into  the  wound 
(Fig.  331,  M). 

Disarticulation  of  Two  Contiguous  Outside  Fingers  with 
their  Entire  Metacarpals  (By  Racket  Incision). — The  operation  is 
the  same,  in  the  main,  as  for  the  disarticulation  of  any  two  contiguous 
inside  fingers  with  their  metacarpals. 

The  incision  may  be  planned  exactly  as  in  the  preceding  operation, 
or  the  queue  of  the  incision  may  be  curvilinear,  beginning  over  the 
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carpometacarpal  joint  of  the  little  finger  and  curving  nearer  the  shaft 
of  the  fourth  metacarpal  before  the  limbs  of  the  racket  begin  (or 
beginning  over  the  carpometacarpal  joint  of  the  thumb  and  curving 
nearer  the  shaft  of  the  second  metacarpal  before  the  limbs  of  the 
racket  commence,  in  the  case  of  the  two  outermost  metacarpals), 
as  shown  in  Fig.  332,  A. 

The  operation  is  com- 
pleted as  in  the  last  case. 

Disarticulation  of  all 
the  Fingers,  Excluding  the 
Thumb,  with  their  Entire 
Metacarpals  (By  Anterior 
Ellipse). — This  is,  practi- 
cally, a  palmar  covering 
wrhose  convex  anterior 
border  fits  into  the  con- 
cave wound  on  the  dorsum 
of  the  hand.  It  is  some- 
times called  the  short  pal- 
mar flap  method. 

The  position  is  as  for 
the  amputations  upon  the 
fingers  in  general  (p.  814). 

The  landmarks  are  the 
base  of  the  fifth  metacar- 
pal (marking  the  point  at 
which  the  ellipse  crosses 
the  ulnar  border  of  the 
hand),  a  point  midway  be- 
tween the  central  crease 
of  the  hand  and  the  level 
of  the  outstretched  thumb 
(marking  the  point  at  which 
the  ellipse  crosses  the  radial 
border  of  the  hand),  and 
the  carpometacarpal  joint- 
line. 

The  palmar  incision  passes  between  the  two  above  points,  with  a 
downward  convexity,  whose  lower  part  reaches  below  the  middle  of 
the  metacarpals.  The  dorsal  incision  also  passes  between  the  same 
two  points,  with  an  upward  convexity  whose  highest  point  corresponds 
with  the  bases  of  the  two  inner  metacarpals  (Fig.  334,  B). 

These  incisions  are  deepened  to  the  bone.  The  flexor  and  extensor 
tendons  are  cut  long.  The  soft  parts  are  cleared  up  to  the  carpo- 
metacarpal joint-line,  the  metacarpals  are  disarticulated  from  the 
carpals,  and  the  second  metacarpal  from  the  first  metacarpal,  cutting 
the  dorsal  ligaments  by  flexing  and  the  palmar  ligaments  by  extend- 
ing the  hand.  Tie  the  palmar  digital,  palmar  interosseous,  dorsalis 
vol.  v — 52 


J 

Fio.  334. — Amputations  About  the  Hand. 
A,  Disarticulation  of  three  inner  fingers,  with  their 
metacarpals,  by  equal  dorsal  and  palmar  flaps;  B,  Dis- 
articulation of  all  the  fingers,  except  thumb,  with  their 
metacarpals,  by  anterior  ellipse;  C,  Disarticulation  at 
wrist-joint  by  circular  method.     (Dorsal  view.) 
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indicis,  radialis  indicis,  and  palmar  arches,  if  severed.  Close  the 
flexor  sheaths,  suture  the  flexor  and  extensor  tendons  into  the  wound, 
and  suture  the  convex  palmar  flap  to  the  concave  dorsal  wound. 

Disarticulation  at  the  Wrist-joint  (By  Anterior  Ellipse).— The 
covering  raised  is,  practically,  an  anterior  flap.  The  idea  of  the 
ellipse  is  appreciated  after  marking  the  outline,  as  given  below,  and 
then  viewing  it  from  the  radial  or  ulnar  aspect  of  the  hand. 

The  position  of  the  patient  is  upon  the  back,  with  forearm  abducted 
horizontally,  hand  pronated  or  supinated,  as  indicated  by  the  stage 
of  the  operation.     The  surgeon  sits  or  stands  facing  the  patient's 

.  hand.  An  assistant  steadies 
the  limb  from  above,  and  holds 
the  parts  out  of  the  way. 

The  landmarks  are  the  line 
of  the  wrist-joint,  pisiform, 
base  of  fifth  metacarpal,  and 
the  carpometacarpal  joint  of 
the  thumb. 

The  highest  point  of  the 
ellipse  is  upon  the  dorsum,  1.3 
cm.  (J  inch)  below  the  line  of 
the  wrist-joint,  and  on  a  line 
with  the  middle  finger.  The 
lowest  point  of  the  ellipse  is 
upon  the  palm,  6.3  cm.  (2J 
inches)  below  the  line  of  wrist- 
joint,  and  on  a  line  with  the 
middle  finger.  The  inner  por- 
tion of  the  ellipse  crosses  the 
ulnar  border  of  the  hand  be- 
tween the  pisiform  bone  and 
the  base  of  the  fifth  metacarpal. 
The  outer  portion  of  the  ellipse 
crosses  the  radial  border  of 
the  hand  at  the  carpometa- 
carpal joint-line  of  the  thumb. 
The  entire  incision  has,  there- 
fore, a  downward  convexity 
upon  the  palm  and  an  upward 
convexity  upon  the  dorsum,  and  passes  through  the  four  above- 
mentioned  points  (Fig.  335). 

Supinating  the  hand  while  incising  the  palm,  and  pronating  it 
while  making  the  dorsal  incisions,  this  entire  ellipse,  which  has  been 
made  through  the  skin  and  fascia  at  first,  is  now  deepened  throughout. 
The  dorsal  integuments  are  first  dissected  to  the  joint-line.  The  hand 
is  flexed,  and  the  extensor  tendons,  posterior  ligament,  and  lateral 
ligaments  are  cut,  and  the  joint  opened  and  then  the  anterior  ligaments. 
First  one  and  then  the  other  lateral  border  of  the  hand  are  made  to 


Fio.  335. — Disarticulation  at  the  Wrikt-joint 
by  the  Anterior  Elliptical  Method.  (Pal- 
mar view.) 
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present,  and  the  lateral  parts  of  the  ellipse  carried  to  the  bones.  The 
knife  is  then  carried  between  the  flexor  tendons  and  the  carpus,  from 
above  and  within,  and  made  to  clear  out  the  hollow  of  the  carpus  in 
the  act  of  cutting  its  way  obliquely  from  above  downward  and  outward 
to  the  margin  of  the  palmar  incision  through  the  skin,  and  the  hand 
thus  severed  from  the  arm.  All  loose  tendons  and  nerves  are  to  be 
cut.  The  following  arteries  are  to  be  tied:  radial,  ulnar  (below  the 
deep  branch),  the  deep  branch  of  the  ulnar,  and  the  superficialis 
volse.  The  deep  palmar  arch  and  the  part  of  the  superficial  palmar 
arch  are  removed  with  the  hand.  The  convex  palmar  flap  is  sutured 
into  the  concave  wound  at  the  back  of  the  wrist. 

Disarticulation  at  the 
Wrist-joint  (By  External  Lat- 
eral or  Radial  Flap — Z)u- 
brueiVs  Method). — A  saddle- 
shaped  flap  of  the  skin  and 
muscles  is  raised  from  the  meta- 
carpal region  of  the  thumb,  and 
approximated  to  the  disarticu- 
lated ends  of  the  radius  and 
ulna. 

The  position  is  the  same  as 
in  the  disarticulation  by  the 
elliptical  method  (p.  818).  The 
landmarks  are  the  wrist-joint 
and  the  first  metacarpal. 

The  flap  incision  begins  on 
the  back  of  the  wrist,  about 
6  mm.  (J  inch)  below  the  wrist- 
joint  line,  and  at  the  junction 
of  the  outer  and  middle  thirds 
of  that  line,  passes  thence 
downward  upon  the  dorsal 
aspect  of  the  thumb,  thence 
rounds  outward  to  cross  the 
first  metacarpal  transversely 
about  its  middle  (remaining, 
up  to  the  point  of  rounding 
outward,  as  far  from  the  outer 
border  of  the  hand  as  at  the 

beginning).  The  incision  now  passes  upward  correspondingly  on 
the  inner  aspect  of  the  thumb,  following  the  inner  part  of  the 
thenar  eminence,  to  a  point  about  6  mm.  (about  {  inch)  below  the 
wrist-joint  line,  at  the  junction  of  the  outer  and  middle  thirds  of  that 
line  on  the  palmar  surface.  The  disarticulating  incision  is  made  by 
joining  the  two  upper  ends  of  this  flap  by  a  transverse  incision  passing 
directly  around  the  inner  aspect  of  the  wTrist-joint  (Fig.  331,  P,  P). 

The  thenar  incision  forming  the  flap  is  deepened — the  soft  parts 


Fig.  336. — Disarticulation  at  the  Wrist-joint 
by  the  Palmar  Flap  Method.     (Palmar  view.) 
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are  dissected  from  the  metacarpal  and  as  much  of  the  thenar  muscles 
as  possible  is  taken.  The  soft  parts  upon  the  inner  aspect  of  the 
wrist  are  divided  to  the  bone  by  the  circular  incision  on  a  level  with 
the  base  of  the  flap.  Disarticulation  is  accomplished  from  the  dorsal 
and  inner  aspect  toward  the  palmar  and  outer.  The  following  arteries 
are  to  be  tied:  superficial  and  deep  palmar  arches;  dorsalis  and 
radialis  indicis  and  ulnar.  The  tendons  and  nerves  are  treated  as 
in  the  preceding  operation  upon  the  wrist.  The  external  or  thenar 
flap  is  now  brought  transversely  across  the  articular  ends  of  the  radius 
and  ulna,  and  sutured  to  the  circularly  divided  parts. 

Amputation  of  Lower  Third  of  Forearm  (By  Modified  Circular 
Method). — Two  short  flaps  of  skin  and  fascia  are  turned  back  and  the 
muscles  are  then  circularly  divided  at  the  level  of  the  retracted 
skin-and-fascia  flaps. 

The  patient  is  in  the  supine  position,  near  the  edge  of  the  table, 
with  the  upper  limb  abducted  to  a  right  angle,  and  held  by  an  assistant 
in  supination  during  anterior  incisions,  and  in  pronation,  or  vertically, 
during  posterior  incisions.  The  surgeon  stands  to  the  outer  side  of 
the  right  limb  and  to  the  inner  side  of  the  left. 

The  landmark  is  the  saw-line. 

The  total  covering  is  to  be  one  and  one-half  the  diameter  of  the 
forearm  at  the  saw-line.  The  anterior  and  posterior  aspects  will  each 
furnish  three-fourths  of  a  diameter.  One-half  of  this  three-fourth 
diameter  length  will  be  of  skin  and  fascia  alone,  on  each  side,  the 
remaining  half  of  the  skin,  fascia,  and  muscle.  Therefore  a  point 
below  the  saw-line  equal  to  three-fourths  of  a  diameter  at  the  saw-line 
will  mark  the  lowest  limit  from  which  the  covering  is  to  be  divided. 
Two  small  flaps  are  incised,  each  having  a  base  equal  to  a  half-cir- 
cumference, and  a  length  equal  to  half  (the  lower  half)  of  the  distance 
between  the  saw-line  and  the  lowest  limit  of  the  skin  incision.  These 
flaps  will  be  bluntly  rounded  at  their  lower  ends  (Fig.  337,  A). 

Dissect  up  the  integumentary  flaps  half-way  to  the  saw-line, 
retract  them,  and,  on  a  level  with  the  retracted  flaps,  circularly  divide 
the  muscles  to  the  bone.  This  circular  incision  also  divides  the  peri- 
osteum and  interosseous  membrane.  The  muscles  and  periosteum 
are  then  retracted  to  the  saw-line  and  the  bones  divided,  completing 
the  section  of  the  more  movable  radius  first.  Tie  the  radial,  ulnar, 
anterior  and  posterior  interosseous  arteries.  Stitch  the  musculo- 
periosteal  covering  over  the  bones.  Quilt  the  muscles  or  tendons  of 
the  anterior  to  those  of  the  posterior  aspect  of  the  forearm,  if  possible. 
Suture  the  integumentary  coverings  in  a  straight  line  anteroposteriorly. 

Amputation  of  Upper  Two-thirds  of  Forearm  (By  Equal 
Anterior  and  Posterior  Flaps). — The  anterior  and  posterior  aspects 
of  the  forearm  furnish  equal  U-shaped  flaps  of  skin  and  muscle,  the 
anterior  largely  composed  of  supinator  longus  and  flexors,  the  pos- 
terior largely  made  up  of  extensors. 

The  position  of  the  principals  is  the  same  as  in  the  operation  last 
described.     The  landmark  is  the  sawr-line. 
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An  anterior  and  a  posterior  u-shaped  flap  are  incised  on  the  respec- 
tive aspects  of  the  forearm,  the  base  of  each  flap  at  the  saw-line  being 
equal  to  a  half-circumference  of  the  limb  at  that  line,  and  the  length 
of  each  equal  to  three-fourths  of  a  diameter,  the  hand  being  supinated 
in  making  the  anterior  flap,  and  the  forearm  vertical  in  making  the 
posterior  flap  (Fig.  337,  B). 

Having  cut  through  the  skin  and  fascia  in  outlining  the  flaps, 
these  incisions  are  now  deepened  upon  the  line  of  the  retracted  skin, 
beginning  at  the  ulnar  side  of  the  anterior  flap  in  the  case  of  the 


Fig.  337. — Amputations  Through  the  Forearm 
and  at  the  elbow. 
A.  Through  lower  part  of  forearm  by  modi- 
fied circular.  B,  through  upper  forearm  by  equal 
anterior  and  posterior  flaps;  C,  disarticulation  at 
elbow -joint  by  oblique  circular  method. 


Fig.  338. — Amputation*  About  Forearm 
and  Elbow. 
A,  Through  middle  of  forearm,  by  circu- 
lar method;  B,  at  elbow-joint,  by  single  ex- 
ternal flap;  C,  at  elbow,  by  oblique  circular 
method. 


right  arm,  and  on  the  radial  side  in  the  case  of  the  left  arm.  The 
vertical  ulnar  incision  will  involve  the  flexor  carpi  ulnaris  and  flexor 
profundus;  the  vertical  radial  incision  will  involve  the  two  radial 
carpal  extensors,  both  vertical  incisions  passing  directly  to  the  bones. 
The  muscles  on  the  anterior  and  posterior  aspects  of  the  forearm,  at 
the  lower  rounded  extremities  of  the  flaps,  are  cut  from  without  inward 
in  such  a  manner  as  to  bevel  them  slightly.  The  entire  flaps  are  now 
raised  from  the  bones  up  to  a  point  sufficiently  below  the  saw-line 
to  furnish  a  musculoperiosteal  covering,  at  which  level  the  periosteum 
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is  circularly  divided  around  the  bones,  the  interosseous  membrane 
cut  transversely,  and  the  musculoperiosteal  covering  freed  to  the  saw- 
line.  The  soft  parts  are  then  retracted  and  the  bones  sawed.  The 
radial,  ulnar,  and  anterior  and  posterior  interosseous  arteries  are  tied. 
The  median,  radial,  end  ulnar  nerves  should  be  cut  short,  or  even 
dissected  from  the  flap.  The  musculoperiosteal  covering  is  sutured 
and  the  muscles  quilted,  and  the  integuments  sutured  in  the  lateral 
line. 

Disarticulation  at  Elbow-joint  (By  Anterior  Ellipse — Fara- 
beuf). — The  covering  is,  essentially,  an  anterior  flap,  the  idea  of  the 
ellipse  being  gotten  in  viewing  the  outlined  incision  laterally.     The 
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Fig.  339. — Transverse  Section  Through  the  Condyloid  Expansion  of  the  Right  Arm. 
A,  Biceps  tendon;  B,  Supinator  longus;  C,  Musculospinal  nerve  and  superior  profunda  artery; 
D,  Brachials  anticus;  E,  Extensor  carpi  radialis  lonjrior;  F,  Olecranon  ;  G,  Anconeus;  H,  Triceps; 
I,  Brachial  artery,  vena»  comite*.  and  median  basilic  vein;  J,  Pronator  radii  teres;  K,  Median  nerve; 
L.  Flexor  carpi  radialis;  M,  Condyloid  expansion  of  humerus;  N,  Ulnar  nerve;  O,  Olecranon  bursa. 
(Cross-section  modified  from  Braune.) 

lower  anterior  convexity  of  the  covering  is  sutured  into  the  upper 
posterior  concavity. 

The  position  is  given  in  the  course  of  the  operation.  The  land- 
marks are  the  joint-line,  the  prominence  of  the  olecranon,  and  the 
eminence  of  the  supinator  longus  on  the  anterior  aspect  of  the  forearm. 

The  highest  point  of  the  ellipse  is  posterior,  over  the  prominence  of 
the  olecranon.  The  lowest  point  of  the  ellipse  is  anterior,  over  the 
eminence  of  the  supinator  longus,  just  above  the  middle  of  the  forearm. 
Midway  between  the  upper  and  the  lower  rounded  ends  of  the  ellipse 
the  lateral  borders  of  the  ellipse  pass  along  the  midlateral  aspects  of 
the  forearm  (Fig.  340,  A). 
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The  surgeon  stands  on  the  left  of  either  right  or  left  elbow  (which 
will  place  the  patient's  elbow  on  his  right),  grasping  the  patient's 
wrist  with  his  left  hand,  and,  flexing 'the  elbow,  so  rotates  the  limb  as 
to  make  the  entire  elliptical  incision  without  relaxing  his  hold  of  the 
wrist  or  removing  the  knife,  which  passes  from  olecranon  to  olecranon. 
Taking  the  right  limb,  for  instance,  turn  the  slightly  flexed  elbow  so 
as  to  present  the  radial  aspect,  enter  the  knife  at  the  apex  of  the 
olecranon,  pass  down  the  radial  lateral  aspect  across  the  lower  end 
of  the  ellipse  on  the  anterior  aspect  of  the  forearm  (with  the  forearm 


Fig.  340. — Disarticulations   at   the    Elbow- 
joint. 
A.   By  anterior  ellipse;    B,  By  long  antero- 
internal  and  short  postero-external    flaps  (prac- 
tically a  long  internal  and  short  external  flap). 


Fig.  341. — Disarticulation  at  the  El- 
bow by  the  Posterior  Elliptical 
Method. 


extended  and  supine),  then  along  the  inner  aspect  (with  the  elbow 
again  flexed  and  the  inner  aspect  of  the  forearm  thereby  made  to 
present),  and  upward  to  the  olecranon.  The  skin  and  fascia  upon  the 
proximal  side  of  the  lower  end  of  this  incision  are  now  further  retracted 
by  hand.  On  the  line  of  the  retracted  integuments  the  muscles  are 
cut  obliquely  from  without  inward  and  upward  toward  the  joint,  in 
such  a  manner  as  to  bevel  the  anterior  covering  which  is  being  raised, 
and,  at  the  same  time,  raise  as  much  of  a  musculoperiosteal  covering 
a3  possible.     This  anterior  flap  is  dissected  and  retracted  upward  to 
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the  joint-line.  The  anterior,  lateral,  and  posterior  ligaments  of  the 
joint  are  now  cut  in  order.  The  triceps  and  any  remaining  posterior 
tissues  are  severed.  The  radial,  ulnar,  interosseous,  muscular 
branches,  and,  possibly,  the  posterior  ulnar  recurrent  and  terminations 
of  the  superior  and  inferior  profunda  are  ligated.  Quilt  the  muscles 
in  the  anterior  flap  to  the  fascia  along  the  margins  of  the  upper  half 
of  the  ellipse.  Suture  the  integumentary  tissues  of  the  convex  lower 
end  of  the  flap  into  those  of  the  upper  concavity.  Temporary  drainage 
is  indicated. 

Disarticulation  at  Elbow- joint  (By  Posterior  Ellipse). — The 
covering  is,  practically,  a  posterior  flap,  the  idea  of  the  ellipse  being 
understood  by  taking  a  lateral  view  of  the  incision. 


Fig.  342. — Disarticulation  at  Elbow  by 
Long  Anterior  and  Short  Posterior 
Flaps. 


Fig.  343. — Disarticulation  at  Elbow  bt 
Long  Posterior  and  Short  Anterior 
Flaps. 


The  position  of  the  principals  is  given  in  the  course  of  the  opera- 
tion. 

The  landmarks  are  the  joint-line  and  the  tip  of  the  olecranon. 

The  highest  point  of  the  ellipse  is  anterior,  opposite  the  lower 
margin  of  the  joint-line.  The  lowest  point  is  posterior,  between  8 
and  10  cm.  (3  and-  4  inches)  below  the  joint-line.  Midway  between 
the  upper  and  lower  ends  of  the  rounded  ellipse  the  lateral  borders  of 
the  ellipse  pass  along  the  midlateral  aspects  of  the  forearm.  With 
the  elbow  flexed  to  an  angle  of  135  degrees,  the  lateral  parts  of  the 
incision  will  be  parallel  with  the  prolonged  anterior  aspect  of  the 
arm  (Fig.  341). 
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The  surgeon  stands  on  the  right  side  of  either  elbow,  grasping  the 
patient's  wrist  with  the  left  hand  (the  back  of  his  hand  uppermost 
and  his  thumb  toward  the  patient's  fingers),  and  manipulates  the  elbow 
so  as  to  complete  the  incision  at  one  sweep,  beginning  the  incision  at 
the  anterior  joint-line,  with  the  elbow  flexed  at  the  above  angle, 
passing  down  the  inner  aspect  (while  that  part  is  manipulated  so  as 
to  render  it  prominent),  crossing  the  dorsal  aspect  (while  the  forearm 
is  held  vertical),  and  ascending  the  outer  aspect  (while  that  aspect 
is  made  prominent)  to  the  place  of  beginning.  Upon  the  line  of  the 
retracted  integuments  the  deeper  parts  are  now  cut.  Those  along 
the  posterior  aspect  of  the  ellipse  are  divided,  together  with  the 
periosteum,  and  including  the  anconeus  and  insertion  of  the  triceps 


Fia.  344. — Transverse  Section  through  the  Lower  Third  or  the  Right  Arm. 
A,  Biceps;  B,  brachialis  anticus;  C,  muHculospiral  nerve  and  superior  prof unda  artery,  supinator 
longus;  D,  brachial  artery,  venae  comites,  basilic  vein,  and  median  nerve;  E,  ulnar  nerve  and  inferior 
profunda  artery;  F,  triceps.     (Cross-Section  modified  from  Braune.) 

when  reached,  and  are  dissected  up  to  just  above  the  tip  of  the  ole- 
cranon. The  deeper  parts  along  the  anterior  portion  of  the  ellipse 
are  then  divided,  corresponding  with  the  joint-line,  and  the  capsule 
of  the  joint  divided  transversely,  followed  by  the  division  of  the 
lateral  ligaments  and  posterior  portion  of  the  capsule  (unless  a 
capsuloperiosteal  covering  can  be  raised).  Tie  the  brachial,  posterior 
interosseous,  muscular  branches,  and  terminations  of  the  superior 
and  inferior  profunda.  Cut  the  ulnar  nerve  especially  short.  Quilt 
the  muscles  in  the  posterior  flap  to  the  fascia  along  the  margins  of 
the  upper  half  of  the  ellipse.  Drain  temporarily.  Suture  the  integu- 
ments of  the  lower  portion  of  the  ellipse  (the  convexity)  of  the  pos- 
terior flap  to  the  upper  concavity  of  the  incision. 
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Amputation  through  Lower  Third  of  Arm  (By  Modified  Circular 
Method). — Two  short  skin-flaps  are  cut  and  turned  back  and  the 
muscles  divided  circularly  in  the  infundibular  manner. 

The  patient  is  supine  at  the  edge  of  the  table,  the  limb  horizontally 
abducted  over  the  edge  of  the  table  during  anterior  incisions,  and 
held  vertically  with  bent  elbow,  or  drawn  over  the  chest,  in  dorsal 
incisions.     The  surgeon  stands  on  the  outer  side  of  the  right  and 


Fig.  345. — Amputations  Through  Arm  and  at  Shoulder. 
A,  Througn  lower  part  of  arm.  by  modified  circular;   B,  through  upper  part  of  arm,  by  long 
anterior  and  short  posterior  flaps;  C,  at  shoulder-joint  by  external  racket  method  (Larrey's  opera- 
tion);  I),  D,  at  shoulder  by  external  or  deltoid  flap  (Dupuytren's  operation). 


inner  side  of  the  left  limb.     The  assistants  steady  the  limb  above  and 
below  the  site  of  amputation.     The  landmark  is  the  saw-line. 

The  lowest  limit  of  the  skin-incision  is  placed  at  a  distance  below 
the  saw-line  equal  to  three-fourths  of  the  diameter  of  the  limb  at  the 
saw-line  (thus  securing  a  covering  of  one  and  one-half  diameters). 
Of  this  total  distance  the  small  flaps  will  occupy,  approximately, 
the  lower  one-third.     These  flaps  are  generally  anterior  and  posterior 
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(but  may  be  lateral,  or  in  any  intermediate  position,  as  the  local 
conditions  may  demand).  Their  base  is  one-half  the  circumference 
of  the  limb — they  pass  down  the  lateral  aspects  of  the  limb  to  nearly 
their  lower  limit,  when  they  bluntly  round  transversely  across  the 
limb  to  a  corresponding  point  on  the  opposite  side.  Anterior  and 
posterior  flaps  are  similar  (Fig.  345,  A). 


i 

Fio.  346. — Amputations  About  Arm  and  at  Shoulder. 

A,  Through  lower  part  of  arm  by  equal  lateral  flaps;  B,  through  surgical  neck  of  humerus  by 

single  external  flap;  C,  at  shoulder-joint  by  Fumeaux  Jordan's  method. 

These  flaps  of  the  skin  and  the  fascia  are  freed  up  to  their  base  and 
turned  back  as  cuffs.  Here  the  more  superficial  muscles  are  circularly 
divided,  and  retracted  in  turn.  Upon  the  line  of  these  retracted  super- 
ficial muscles,  the  deeper  muscles  are  cut  to  the  bone,  at  a  level  still 
beneath  the  saw-line.  This  last  circular  division  also  divides  the 
periosteum  around  the  entire  bone.  All  the  soft  parts,  including  the 
periosteum,  are  now  freed  up  to  the  saw-line  and  the  bone  divided. 
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Tie  the  brachial,  superior  profunda,  inferior  profunda,  muscular,  and 
possibly  the  anastomotica  magna  branches.  See  that  the  musculo- 
spiral  nerve  is  cleanly  divided,  and  excise  any  portion  of  it  apt  to  be 
pressed  upon  in  bending  the  flap  over  the  end  of  the  bone.  Suture 
the  musculoperiosteal  covering.  Quilt  the  muscles.  Suture  the  flaps 
in  a  lateral  line. 

Amputation  of  Arm  at  Surgical  Neck  of  Humerus  (By  Single 
External  Flap). — A  u-shaped  flap,  composed  chiefly  of  deltoid,  is 
raised  from  the  outer  aspect  of  the  arm,  while  the  parts  on  the  inner 
aspect  are  divided  transversely,  or  with  slight  downward  convexity, 
on  a  level  with  the  upper  limit  of  the  limbs  of  the  flap. 

The  position  is  the  same  as  in  the  above  operations,  the  limb  being 
drawn  well  away  from  the  body,  which  will  give  access  to  both  outer 


B 


Fig.  347. — Wyeth'b  Pins  Controlling  Hemorrhage  in  Disarticulating  at  the  Shoulder- 
joint. 
A,  Anterior  pin;  B,  posterior  pin.     The  rubber  tubing  is  then  wound  about  the  limb,  proximally  to 

the  pins,  and  knotted. 

and  inner  aspects.  The  landmark  is  the  surgical  neek  of  the  humerus 
(just  below  the  tuberosities). 

In  making  the  incision,  the  base  of  the  flap,  which  is  u-shaped,  is 
placed  about  2.5  cm.  (1  inch)  below  the  saw-line  through  the  surgical 
neck,  its  width  being  equal  to  half  the  circumference  of  the  limb  at  the 
flap's  upper  limit,  its  length  being  that  of  the  diameter  at  the  saw-line. 
The  anterior  limb  of  the  flap  passes  down  the  midanterior  aspect  of 
the  arm,  and  the  posterior  limb  down  the  midposterior  aspect.  The 
inner  incision  crosses  the  inner  aspect  of  the  arm,  with  a  slight  down- 
ward convexity,  connecting  the  upper  limits  of  the  vertical  limbs  of 
the  flap  (Fig.  346,  B). 

The  above  incisions  pass,  at  first,  through  the  skin  and  fascia  only. 
After  the  integuments  have  retracted,  the  external  flap  is  cut  from 
without   inward,   upon   the  line   of   the   retracted   tissues,    beveling 
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obliquely  upward  and  inward  toward  the  upper  limit  of  the  flap. 
The  bleeding  vessels  in  this  external  wound  are  clamped  as  met.  The 
inner  incision  is  now  deepened,  and  the  axillary  vessels  tied  as  encoun- 
tered and  before  being  cut.  The  nerves  are  cut  short.  The  tendon 
of  the  pectoralis  major  is  preserved,  the  periosteum  being  divided 
below  the  bicipital  groove  and  stripped  up,  including  this  tendon. 
Avoid  opening  the  synovial  sheath  of  the  biceps  tendon,  dividing  it 
low  down,  together  with  the  coracobrachial.  Detach  the  tendons 
of  the  latissimus  dorsi  and  teres  major  as  subperiosteal^  as  possible. 
Retract  the  outer  flap  and  the  parts  on  the  inner  aspect  of  the  arm  up 
to  the  saw-line,  and  divide  the  bone  through  the  lowest  part  of  the 
surgical  neck  possible.  Avoid  the  circumflex  nerve  and  the  posterior 
circumflex  artery.     The  brachial  artery  will  have  been  tied  in  the 


Fio.  348. — Illustrating  the  Use  or  Sutures  Passed  through  the  True  Skin  and  Tempo- 
rarily Tied  Over  Rubber  Tubing  to  Hold  it  in  Place. 
Used  in  order  to  control  the  vessels  in  disarticulating  at  the  shoulder-joint  in  the  absence  of 

the  Wyeth  pins. 

course  of  operation;  branches  of  the  anterior  and  posterior  circumflex 
and  muscular  branches  which  have  not  been  previously  tied  are  now 
taken  up.  Bring  the  outer  flap  across  the  end  of  the  bone,  quilt  the 
muscles  of  the  flap  to  those  divided  in  the  inner  incision,  and  suture 
the  integumentary  portion  of  the  flap  transversely  to  the  corresponding 
tissues  of  the  inner  wound.  Dress  the  arm  against  a  full  pad  in  the 
axilla. 

Disarticulation  at  Shoulder- joint  (By  Anterior  Racket  Method— 
S pence's  Method). — The  queue  of  the  incision  is  placed  over  the  ante- 
rior aspect  of  the  upper  end  of  the  humerus,  the  diverging  limbs  of 
the  racket  or  oval  encircling  the  inner  and  outer  aspects  of  the  arm 
and  meeting  behind. 

The  patient  lies  near  the  edge  of  the  table,  shoulders  elevated,  head 
to  opposite  side,  limb  partly  abducted.     The  surgeon  is  on  the  outer 
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side  of  both  shoulders,  or  he  may  stand  on  the  inner  side  of  the  left. 
First  assistant  stands  between  the  shoulder  and  patient's  head, 
controlling  hemorrhage  and  retracting  flaps.  Second  assistant  stands 
near  the  elbow,  manipulating  the  limb. 

The  landmarks  are  the  coracoid  process  and  the  pectorodeltoid 
groove. 

Having  abducted  the  arm  and  rotated  the  head  of  the  humerus 
outward,  begin  the  incision  just  to  the  outer  side  of  the  coracoid 


Fig.  349. — Thomas'  Forceps-tourniquet  for  Controlling  Hemorrhage  durino  Operations 

upon  the  Extremities. 
The  probe-pointed  blade  passes  under  the  pectoral  muscles  and  axillary  vessels  and  nerves, 
and  the  serrated  blade  over  these  structures,  the  former  coming  out  above  the  region  of  the  pre- 
viously divided  clavicle.     (Modified  from  Thomas.) 

process,  pass  down  through  the  clavicular  fibers  of  the  deltoid  and 
pectoralis  major,  until  the  humeral  attachment  of  the  pectoralis 
major  is  reached,  which  is  divided.  From  this  point  the  outer  limb 
of  the  racket  curves  gently  outward  through  the  lowTest  part  of  the 
deltoid  to  the  posterior  border  of  the  axilla.  From  the  point  of 
division  of  the  humeral  attachment  of  the  pectoralis  major  the  inner 
limb  of  the  racket  curves  downward  across  the  inner  aspect  of  the  arm 
until  it  coincides  with  the  opposite  limb  of  the  racket  (Fig.  351,  B). 
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The  vertical  portion  of  the  incision  is  carried  directly  to  the  bone. 
The  outer  limb  of  the  racket  at  first  passes  through  skin  and  fascia, 
and  is  then  deepened  to  the  bone,  through  the  periosteum,  along  the 
line  of  the  incised  integuments.  The  inner  limb  of  the  racket  merely 
passes  through  the  skin  and  fascia,  and  especial  care  is  taken  that  it 
goes  no  deeper  at  this  stage.  Returning  to  the  outer  lip  of  the  wound 
the  anterior  fibers  of  the  deltoid  will  be  found  divided,  and  this  lip  of 


Fig.  350. — Thomas'  Forceps-tourniquet. 
The  pectoral  muscles  and  axillary  structures  have  been  divided  digitally  to  the  clamp  and 
turned  forward.     Note. — the  probe-pointed  blade  is  here  erroneously  shown   to  be  where  the 
serrated  blade  .should  be,  and  vice  versa.     The  correct  position  of  the  blades  is  shown  in  the  pre- 
ceding illustration.     (Modified  from  Thomas.) 


the  wound  is  now  freed  from  the  bone  and  joint,  as  nearly  subpcri- 
osteally  as  possible,  thereby  securing  the  retention  of  some  of  the 
attachments  of  the  pectoralis  major,  latissimus  dorsi,  and  teres  major 
to  the  fibrous  tissue,  the  freeing  being  accomplished  by  means  of  the 
thumb,  periosteal  elevator,  and  knife,  and  continuing  up  to  the  great 
tuberosity,  carefully  avoiding  (by  hugging  the  bone)  injury  to  the 
circumflex  nerve  and  posterior  circumflex  artery,  which  are  raised 
from  the  bone  in  this  outer  flap.     The  inner  flap  is  similarly,  though 
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less  extensively,  freed  up  to  the  lesser  tuberosity,  carefully  guarding 
the  axillary  vessels.  By  manipulating  the  limb  from  the  elbow, 
flexed  at  a  right  angle,  the  head  of  the  bone  and  its  tuberosities  are 
made  to  present  themselves  in  the  wound.     By  rotating  inward  the 


Fig.  351. — Amputations  Through  Arm  and  at  Shoulder. 
A,  Through  lower  arm,  by  oblique  circular  method;  B,  at  shoulder,  by  anterior  racket  method 
(Spence's  operation);  C,  of  upper  limb,  together  with  scapula  and  part  of  clavicle,  by  antero- 
inferior (pectoro-axillary)  and  posterosuperior  (cervieoseapular)  flaps  (lierger's  operation). 

great  tuberosity  presents,  and  the  supraspinatus,  infraspinatus,  and 
teres  minor  are  severed  very  close  to  the  bone.  By  rotating  outward 
the  lesser  tuberosity  presents,  and  the  subscapularis  is  severed.  The 
long  head  of  the  biceps  is  next  cut,  and  the  capsule  opened  by  dividing 
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it  transversely  against  the  head  of  the  bone.  The  capsule  being  cut 
and  the  muscles  attached  to  the  tuberosities  severed,  the  head  of  the 
bone  is  now  disarticulated  and  thrust  upward  above  the  glenoid 
cavity,  by  abducting  and  rotating  the  head  of  the  humerus  outward, 
the  connection  of  the  limb  being  still  maintained  by  the  still  unsevered 
tissues  upon  the  inner  aspect.  The  surgeon  grasps  the  disarticulated 
head  with  the  left  hand  and  draws  it  outward  from  the  trunk.  As 
he  does  so  the  first  assistant,  standing  behind  the  shoulder,  places 
the  palm  of  the  fingers  of  both  hands  against  the  axillary  aspect  of 
the  still  uncut  inner  tissues,  and  his  thumbs,  one  from  each  side, 
between  the  neck  of  the  bone  and  the  tissues  of  the  inner  side,  com- 
pressing the  axillary  vessels  between  the  thumbs  as  in  the  wound, 
and  the  outspread  fingers  in  the  axilla,  until  he  feels  all  circulation 
controlled.  The  surgeon  now  passes  a  long  knife  between  the  neck 
of  the  bone  and  the  thumb-nails  of  his  assistant,  and,  by  a  steady, 
sawing  movement,  cuts  his  way  from  within  downward  and  outward, 
aiming  to  come  out  on  a  line  with  the  retracted  integuments  along  the 
original  incision,  along  the  inner  limb  of  the  racket.  As  the  knife 
cuts  its  way  out,  the  fingers. of  the  assistant  follow  the  blade  closely 
with  the  artery  under  his  grasp.  Just  prior  to  the  final  emergence  of 
the  knife  the  tissues  are  tightly  grasped  and  steadily  held  until  the 
knife  passes  through  the  skin,  when  the  assistant  presents  to-  the 
surgeon  the  cut  margin  of  the  inner  lip,  with  the  vessels  in  easy 
evidence.  Tie  the  brachial  artery  at  once,  and  the  two  brachial 
venae  co mites  and  the  basilic  vein.  In  the  vertical  and  external  limb 
of  the  racket,  in  incising  and  deepening  the  wound,  branches  of  the 
acromial,  thoracic,  the  anterior  circumflex,  and  muscular  branches 
are  first  clamped,  and  then  tied.  The  posterior  circumflex  nerve 
should  not  be  injured.  The  nerves  which  are  severed  are  to  be  cut 
short.  The  margins  of  the  capsuloperiosteal  wound,  where  an 
appreciable  periosteum  has  been  saved,  are  sutured.  The  muscles 
are  quilted  by  deep  and  superficial  buried  absorbable  sutures.  Tem- 
porary drainage  is  provided.  The  integumentary  edges  of  the  wound 
are  sutured  in  one  vertical  line.  The  stump  should  be  snugly  com- 
pressed against  the  thorax  by  the  bandage. 

Disarticulation  at  Shoulder-joint  (By  External  Racket  Method — 
Larrey's  Operation). — The  queue  of  the  incision  is  placed  over  the 
external  aspect  of  the  upper  end  of  the  humerus,  from  the  center  of 
this  incision  (which  first  may  have  been  made  for  exploration  of  the 
joint  alone),  the  two  limbs  of  the  racket  diverge,  encircling  the  ante- 
rior and  posterior  aspects  of  the  arm  and  meeting  on  the  inner 
side. 

The  position  is  as  in  the  operation  just  described. 

The  landmark  is  the  prominence  of  the  acromion. 

The  vertical  incision,  the  arm  being  slightly  abducted,  begins 

immediately   below   the  anterior  aspect  of  the  prominence  of  the 

acromion  and  passes  thence  vertically  downward  along  the  external 

aspect  of  the  arm  for  10  cm.  (4  inches).     From  the  center  of  the 

vol.  v— 53 
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vertical  incision  the  two  limbs  of  the  oval  or  racket  begin  and  pass 
obliquely  downward  over  the  anterior  and  posterior  aspects  of  the 
limb,  meeting  upon  its  inner  border  on  a  level  with  the  lowest  part  of 
the  vertical  incision  (Fig.  345,  C). 

The  vertical  incision  passes  at  once  through  the  deltoid,  directly 
to  the  bone  and  into  the  joint.  The  operation,  which  may  have  been 
begun  as  an  exploratory  one,  may  end  with  an  investigation  of  the 
joint,  or  may  proceed  to  an  excision  of  the  joint  structures,  or  may 
end  as  an  amputation.  If  the  latter,  the  oval,  or  racket,  incision,  as 
above  described,  is  added  to  the  vertical  incision.  The  limbs  of  the 
racket  are,  at  first,  incised  through  skin  and  fascia  only,  and  may  be 
made  at  one  stroke,  or,  better,  by  two.  The  anterior  limb  of  the 
racket  is  now  deepened,  while  the  arm  is  rotated  outward,  the  incision 
passing  through  the  anterior  portion  of  the  deltoid,  the  tendon  of  the 
pectoralis  major  is  severed  as  near  the  bone  as  possible,  the  coraco- 
brachial and  biceps  are  divided,  and,  next  to  these,  the  axillary 
vessels  are  encountered,  carefully  exposed,  and  doubly  ligated,  beyond 
the  posterior  circumflex  branch.  This  branch  is  then  freed  up  to  the 
joint.  For  the  same  reasons  mentioned  under  the  last  operation  the 
freeing  of  these  flaps  should  be  done  as  subperiosteal^  as  possible. 
The  posterior  limb  of  the  racket  is  similarly  deepened,  the  arm  being 
rotated  inward,  the  incision  passing  through  the  posterior  portion  of 
the  deltoid,  and  meeting  the  anterior  limb  upon  the  inner  side  of  the 
arm.  This  flap  is  then  also  freed  up  to  the  joint  as  subperiosteal^ 
as  possible.  Disarticulation  is  accomplished  (after  severing  close  to 
the  bone,  in  the  above  freeing  of  the  anterior  and  posterior  flap,  the 
attachments  of  the  supraspinatus,  infraspinatus,  teres  minor  to  the 
great  tuberosity,  and  the  subscapularis  to  the  lesser)  by  cutting  the 
capsule  and  the  long  head  of  the  biceps  against  the  head  of  the  bone 
transversely.  The  head  of  the  bone  is  now  disarticulated  and  thrust 
upward.  To  sever  the  remaining  soft  parts  the  surgeon  grasps  the 
disarticulated  head  of  the  humerus  with  his  left  hand  and  draws  it 
outward,  then  inserts  a  long  knife  between  the  neck  of  the  bone  and 
the  remaining  undivided  parts,  and,  by  a  sawing  movement,  cuts  his 
way  downward  and  outward  between  the  severed  axillary  vessels  and 
the  bone,  coming  out  on  a  line  with  the  retracted  inner  limb  of  the 
racket  incision  (just  as  in  the  disarticulation  by  the  anterior  racket). 
Besides  the  above-named  vessels,  the  anterior  and  posterior  circumflex 
are  both  apt  to  be  divided,  as  well  as  some  muscular  branches.  The 
circumflex  nerve  is  likely  to  be  severed.  All  nerves  are  cut  short. 
The  capsule  is  to  be  trimmed  if  hanging  in  tags.  Temporary  drainage 
is  used.  The  capsuloperiosteal  or  eapsulomuscular  covering  is  sutured, 
the  muscles  quilted  deeply  and  superficially,  and  the  skin  sutured  in 
a  vertical  line. 

Amputation  of  Upper  Limb,  together  with  Scapula  and  Part 
of  Clavicle  (By  Antero-inferior  (or  Pectoro-axillary)  and  Posterosuperior 
(or  Cervicoscapular)  Flaps — Berger's  Interscapulothmack  Operation). — 
This  operation  consists  in  the  removal  of  the  upper  limb,  together 
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with  the  scapula  and  the  outer  two-thirds  of  the  clavicle,  en  masse, 
without   disarticulation   at   the  shoulder-joint. 

The  various  positions  are  given  during  the  steps  of  the  operation. 

The  landmarks  are  the  outline  of  the  clavicle,  the  outline  of  the 
scapula,  and  the  line  of  the  shoulder- joint  articulation. 

The  operation  consists  of  several  distinct  steps:  (1)  The  subperi- 
osteal excision  of  the  middle  third  of  the  clavicle  and  the  double 
ligature  and  division  of  the  subclavian  artery  and  vein:  The  patient 
lies  upon  the  back,  at  the  edge  of  the  table,  shoulders  raised,  and  arm 
by  side.  Make  an  incision  through  the  periosteum  to  the  bone,  over 
the  upper  surface  of  the  clavicle,  from  the  outer  border  of  the  sterno- 
mastoid  to  just  beyond  the  acromioclavicular  articulation  (Fig.  351, 
C,  C,).  The  vein  from  the  cephalic  to  the  external  jugular  is  hereby 
cut  and  doubly  ligated.  The  periosteum  is  raised,  with  curved  peri- 
osteal elevator,  from  around  the  entire  circumference  of  the  middle 
third  of  the  clavicle.  A  chain  or  Gigli  saw  is  passed  between  the  bone 
and  periosteum,  and  the  clavicle  is  divided  at  the  junction  of  its  inner 
and  middle  thirds.  The  outer  two-thirds  of  the  clavicle  is  now  grasped 
with  lion-jawed  forceps  and  drawn  outward,  during  which  outward 
traction  whatever  periosteum  remains  is  now  detached  from  its  middle 
third.  The  clavicle  is  then  sawed  at  the  junction  of  the  middle  and 
outer  thirds  by  a  chain,  Gigli,  or  small  saw.  The  middle  third  of  the 
clavicle  is  thereby  removed.  The  periosteum  over  the  subclavius 
muscle  and  the  subclavius  muscle  itself  are  now  divided  transversely, 
opposite  the  inner  section  of  the  clavicle,  and  are  dissected  up  and  turned 
outward,  thereby  exposing  the  subclavian  vessels,  surrounded  by  more 
or  less  fascia.  Having  divided  the  overlying  fascia,  the  subclavian 
vein  and  then  the  artery  are  exposed.  Both  artery  and  vein  are 
doubly  ligated  and  divided  opposite  the  lower  border  of  the  first  rib, 
the  former  being  secured  first  (to  lessen  the  amount  of  blood  left  in 
the  limb). 

(2)  The  formation  of  the  antero-inferior  (or  pectoro-axillary)  flap: 
The  patient  lies  on  the  back  with  the  shoulder  over  the  edge  of  the 
table,  with  arm  abducted  and  head  to  the  opposite  side.  The  surgeon 
stands  between  the  arm  and  trunk.  The  incision  begins  at  the  middle 
of  the  clavicular  incision,  curves  downward  and  outward,  passing  close 
to  the  outer  side  of  the  coracoid  process,  thence  along  the  anterior 
portion  of  the  deltoid,  just  external  to  the  pectorodeltoid  groove,  to 
the  junction  of  the  anterior  axillary  wall  with  the  arm,  thence  across 
the  lower  border  of  the  pectoralis  major,  thence  transversely  across  the 
inner  or  axillary  surface  of  the  arm,  to  the  lower  border  of  the  tendons 
of  the  latissimus  dorsi  and  teres  major.  Here  the  limb  is  elevated,  and 
the  incision  is  carried  downward  and  inward  in  the  groove  between 
the  vertical  border  of  the  scapula  and  the  muscular  elevation  formed 
by  the  teres  major  and  the  latissimus  dorsi,  to  end  over  the  posterior 
surface  of  the  inferior  angle  of  the  scapula.  This  incision  passes,  at 
first,  through  skin  and  fascia,  and  is  then  deepened  through  the  pectoral 
and  axillary  tissues,  the  pectoralis  major  being  cut  where  its  tendinous 
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portion  commences,  the  pectoralis  minor  near  the  coracoid  process, 
the  brachial  plexus  near  the  first  rib,  the  latissimus  dorsi  in  the  more 
posterior  part  of  the  line  of  incision,  and  whatever  remaining  axillary 
tissues  bind  the  limb  are  cut  as  encountered.  The  shoulder  is  thus 
freed  from  the  trunk  anteriorly  and  tends  to  fall  outward  and  back- 
ward. 

(3)  The  formation  of  the  posterosuperior  (or  cervicoscapular)  flap: 
The  patient  is  still  supine,  with  the  shoulder  over  the  edge  of  the  table; 
the  arm  is  now  drawn  across  the  chest  to  emphasize  the  scapular  region. 
The  surgeon  stands  to  the  outer  side.  The  incision  begins  at  the  outer 
end  of  the  clavicular  incision,  just  external  to  the  acromioclavicular 
joint,  passing  thence  backward  over  the  spine  of  the  scapula  by  the 
shortest  route,  to  join  the  lower  end  of  the  anteroinferior  flap  incision 
over  the  inferior  angle  of  the  scapula.  This  incision  at  first  involves 
only  the  skin  and  fascia,  which  are  then  well  retracted  along  their 
upper  part,  thus  exposing  the  trapezius,  which  is  now  divided  near  its 
attachment  to  the  clavicle  and  scapula,  and  thus  severed  from  the 
whole  limb. 

(4)  The  severing  of  connections  of  scapula  to  trunk:  The  patient 
lies  as  in  the  last  step,  and  the  surgeon  stands  to  the  inner  side  of  the 
right  and  outer  side  of  the  left  limb.  The  anterior  and  posterior  flaps 
are  well  retracted,  and  the  limb  permitted  to  hang  away  from  the  side. 
The  superior  and  vertical  borders  of  the  scapula  are  rendered  prominent, 
and  are  now  freed  by  cutting  the  following  muscles  close  to  the  bone, 
in  order  from  above  downward;  the  omohyoid,  levator  anguli  scapulae, 
rhomboideus  minor,  rhomboideus  major,  and  serratus  magnus.  The 
upper  extremity  is  now  freed  from  the  trunk,  the  muscles  arising  from 
the  scapula,  and  inserted  into  the  humerus  (teres  major  and  minor, 
subscapularis,  supraspinatus,  and  infraspinatus),  are  removed  untouched 
with  the  limb. 

(5)  Control  of  hemorrhage:  The  preliminary  ligation  of  the  sub- 
clavian artery  and  vein  controls  the  chief  hemorrhage.  In  forming  the 
anterior  flap  branches  of  the  acromiothoracic,  long  thoracic,  and 
subscapular  are  encountered.  In  forming  the  posterior  flap  the 
muscular  branches  in  the  trapezius  are  met.  In  severing  the  scapula 
the  chief  bleeding  occurs,  the  suprascapular  artery  is  to  be  tied  near 
the  omohyoid,  as  it  is  about  to  enter  the  supraspinatus  fossa,  and  the 
posterior  scapular  is  to  be  tied  near  the  upper  angle  of  the  scapula, 
just  after  dividing  the  levator  anguli  scapulae. 

(6)  The  closure  of  the  wound:  All  the  nerves  are  divided  short. 
Generally,  no  sufficient  redundancy  of  muscle  is  present  to  admit  of 
quilting,  it  usually  being  difficult  to  approximate  the  edges  of  the 
wound,  but,  if  it  be  possible,  quilting  of  the  muscles  together  with 
buried  gut  sutures  should  be  done,  to  make  a  thicker  stump-padding 
and  to  take  the  strain  off  the  cutaneous  sutures.  The  anterior  and 
posterior  flaps  are  brought  together  and  sutured  in  one  oblique  line, 
extending  from  above  downward,  outward,  and  backward.  To  ob- 
liviate  the  dead  spaces  which  tend  to  form  in  so  extensive  a  wound, 
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considerable  even  pressure  is  applied  in  the  dressings  which  bind  the 
parts  to  the  thorax.     No  drainage  is  indicated  in  simple  cases. 

Amputation  through  Last  Phalanx  of  Toes  (By  Plantar  Flap). — 
This  operation  is  hardly  feasible  as  a  definite  procedure,  which  amounts 
generally  to  a  trimming  of  the  parts,  except  in  the  case  of  the  great 
toe,  which  is  the  operation  here  described. 

The  position  for  all  amputations  about  the  toes  is  the  following: 
The  patient  is  supine,  with  the  foot  beyond  the  end  of  the  table,  the 


Fio.  352. — Dorsal  View  of  the  Bones  of 
the  Foot,  showing  the  Intertarsal, 
Tarsometatarsal,  and  Intermetatar- 
bal  Articulations. 


Fio.  353. — Plantar  View  of  the  Bones  of 
the  Foot,  bhowino  the  Intertarsal, 
Tarsometatarsal,  and  Intermetatar- 
bal  Articulations. 


toe  extended  during  plantar  incisions,  and  flexed  during  dorsal  incisions. 
The  assistant  stands  in  front  of  the  surgeon,  steadying  the  foot  with 
both  hands,  the  fingers  of  which,  at  the  same  time,  draw  aside  and  out 
of  the  way  the  adjacent  toes.  The  surgeon  grasps  the  toe  to  be  removed 
with  the  thumb  and  forefinger  of  the  left  hand,  with  his  thumb  on  the 
dorsum  of  the  toe  during  the  dorsal  incisions,  and  on  the  plantar  surface 
of  the  toe  during  the  plantar  incisions,  the  index-finger  occupying  the 
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opposite  aspect  in  each  case.  His  hand  will  be  supinated  during  the 
dorsal  and  pronated  during  the  plantar  incisions. 

The  landmark  is  the  saw-line,  which  will  lie  between  the  base  of  the 
nail  and  the  inter  phalangeal  joint  above. 

The  vertical  portion  of  the  incision  begins  opposite  the  saw-line, 
in  the  midlateral  aspect  of  the  toe,  or  a  little  nearer  the  dorsum  (which 
furnishes  a  fuller  plantar  flap),  passes  straight  down  that  aspect  and 
around  the  pulp  of  the  toe  to  the  corresponding  point  on  the  opposite 
side.  The  transverse  dorsal  incision  connects  the  upper  ends  of  the 
limbs,  with  slight  downward  convexity  (Fig.  359,  A). 

Having  incised  skin  and  fascia,  these  incisions  are  deepened  to  the 
bone,  the  soft  parts  are  separated  up  to  the  saw-line  and  retracted. 
The  tip  of  the  phalanx  is  grasped  with  bone-holding  forceps  and  steadied 
while  the  bone  is  sawed.  If  the  base  of  the  last  phalanx  be  left,  the 
insertion  of  the  extensor  and  flexor  tendons  will  be  preserved.  Arteries 
rarely  have  to  be  tied,  except  in  the  case  of  the  great  toe. 

Disarticulation  at  Second  Interphalangeal  Joint  of  Toes  (By 
Plantar  Flap). — A  U-shaped  flap  is  raised  from  the  plantar  aspect 
of  the  toe  and  approximated  to  the  dorsal  wound. 

The  position  is  the  same  as  for  the  amputation  of  the  last  phalanx 
(p.  837).     The  landmark  is  the  second  interphalangeal  joint-line. 

The  vertical  portion  of  the  incision  begins  opposite  the  joint-line, 
in  the  midlateral  aspect  or  a  little  nearer  the  dorsum,  passes  directly 
down  this  aspect  of  the  toe  a  distance  sufficient  to  furnish  one  and 
one-half  diameters  of  the  toe  at  the  saw-line,  then  rounds  bluntly  across 
the  plantar  surface,  and  is  continued  up  to  a  corresponding  point  on 
the  opposite  side.  The  transverse  incision  connects  the  upper  limbs 
of  the  flap  by  a  slightly  rounded  convex  line  (Fig.  359,  A). 

Deepen  the  vertical  portion  and  the  rounded  end  of  the  flap  to  the 
bone,  dissect  up  the  soft  parts  to  the  joint-line,  cutting  the  glenoid 
ligament  and  flexor  tendon  against  the  base  of  the  last  phalanx,  thus 
opening  the  joint.  Forcibly  flex  the  joint  and  deepen  the  transverse 
incision  to  and  into  the  joint,  entering  from  the  dorsum  and  cutting 
the  lateral  ligaments  from  within  outward.  Two  dorsal  and  two 
plantar  digital  arteries  may  require  ligation.  Close  the  flexor  sheath 
with  catgut,  and,  in  the  great  toe,  include  the  flexor  tendon.  Suture 
the  plantar  flap  to  the  transverse  dorsal  wound. 

Amputation  through  Second  Phalanx  of  Toes  (By  Plantar 
Flap). — The  manner  of  performing  this  operation  is  sufficiently 
described  in  the  amputation  through  the  last  phalanx  (p.  837),  and  the 
dimensions  of  the  flap,  under  the  disarticulation  at  the  second  inter- 
phalangeal joint  (above). 

Disarticulation  at  First  Interphalangeal  Joints  of  Toes  (By  Oval 
Method). — The  queue  of  the  incision  is  over  the  dorsal  aspect  of  the 
joint,  the  limbs  of  the  oval  encircling  the  toe  beyond  the  first  inter- 
phalangeal joint-line. 

The  position  is  the  same  as  in  amputating  through  the  last  phalanx. 
The  landmark  is  the  first  interphalangeal  joint. 
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The  queue  of  the  oval  begins  just  above  the  head  of  the  first  phalanx, 
on  its  middorsal  aspect,  passes  vertically  downward  over  the  head  of 
the  phalanx,  and  continues  down  to  near  the  middle  of  the  first  phalanx, 
where  the  two  correspond- 
ing   limbs   diverge    to    en-     ' 
circle  the  second    phalanx 
and  meet  in  the  middle  of 
its  plantar  aspect  (Fig.  354, 
C). 

Deepen  the  dorsal  inci- 
sion to  the  extensor  tendon. 
Extend  the  toe  and  deepen 
the  oval  to  the  bone,  cut- 
ting the  flexor  tendons 
transversely.  Dissect  up 
the  soft  parts  upon  the 
flexor  and  lateral  aspects. 
Divide  the  glenoid  (ante- 
rior) ligament  by  cutting 
against  the  base  of  the 
second  phalanx  and  opening 
the  joint.  Divide  the  lateral 
ligaments  from  wTithin  out- 
ward. Draw  upon  the  toe 
and  cut  the  extensor  tendon 
high  up.  Two  plantar  and 
two  dorsal  digital  arteries 
are  cut — the  former  may 
require  ligation.  Close  the  E 
flexor  sheath.  Suture  the 
wound  vertically.  The  cica- 
trix will  be  vertical  and 
dorsoterminal. 

Amputation  through 
First  Phalanx  of  Toes  (By 
Oval  Method). — The  opera- 
tion is  exactly  similar  to 
that  for  disarticulation  at 
the  first  interphalangeal 
joint,  just  described,  ex- 
cept that  the  queue  begins 
just  above  the  future  saw- 
line,  and  the  oval  extends 
down  the  toe  a  distance 
that  will  make  the  covering 
furnished  by  the  two  lateral 
aspects  of  the  oval  about  equal  to  one  and  one-half  diameters  of  the 
toe  at  the  saw-line. 


Fig.  354. — Amputations  About  the  Toes  and  Foot. 
A,  At  interphalangeal  joint  of  great  toe,  by  a  single 
internal  flap;  B.  at  first  phalangeal  joint,  by  equal  lateral 
flap*;  C,  at  first  phalangeal  joint,  by  oval  method;  D, 
through  second  phalanx,  by  oblique  circular;  K,  at  first 
phalangeal  joint  of  little  toe,  by  single  external  flap;  F,  at 
metatarsophalangeal  joint  of  little  toe,  by  externodorsal 
flap;  G.  at  metatarsophalangeal  joint,  by  oval  method; 
H.  at  metatarsophalangeal  joint  of  great  toe.  by  interno- 
plantar  flap;  I.  of  two  inner  toes  at  tarsometatarsal 
joints,  by  racket  method;  J,  of  toe,  with  its  entire 
metatarsal  at  tarsometatarsal  joint,  by  racket  method. 
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Disarticulation  of  Toes,  in  General,  at  Metatarsophalangeal 
Joints  (By  Oval  Method). — The  operation  is  the  same,  in  principler 
as  disarticulation  at  the  first  interphalangeal  joint  by  the  oval 
method. 

The  position  is  as  for  the  toes  in  general  (p.  837).  The  landmark 
is  the  metatarsophalangeal  joint. 

The  queue  of  the  incision  begins  just  above  the  head  of  the  meta- 
tarsal, over  its  middorsal  aspect,  passes  downward  in  the  median  line 
until  past  the  base  of  the  first  phalanx,  the  limbs  of  the  oval  now 
gradually  diverge  to  pass  obliquely  downward  over  the  lateral  aspects 
of  the  toes  and  cross  the  plantar  surface  transversely,  meeting  just  in 
front  of  the  line  of  the  webs  (Fig.  354,  G). 

The  vertical  portion  of  the  incision  is  deepened  to  the  extensor 
tendon,  the  lateral  portions  are  cut  to  the  bone,  the  toe  is  extended, 
and  the  plantar  aspect  cut  transversely  to  the  bone,  thereby  severing 
the  flexor  tendons  high  up.  The  soft  parts  are  freed,  partly  by  retrac- 
tion and  partly  by  dissection,  from  the  upper  portion  of  the  first  phalanx 
to  the  joint-line,  which  lies  about  2.5  cm.  (1  inch)  above  the  web. 
The  glenoid  ligament  is  cut  transversely  against  the  base  of  the  first 
phalanx  and  the  joint  opened.  Disarticulation  may  be  completed 
from  below,  but  more  conveniently  by  severing  the  extensor  tendon 
and  disarticulating  from  the  dorsum,  cutting  the  lateral  ligament  from 
within  outward  as  the  toe  is  rotated  from  side  to  side.  Two  dorsal 
and  two  plantar  digital  arteries  are  cut.  The  flexor  sheath  should  be 
closed.  The  wound  is  sutured  vertically,  the  scar  becoming  dorso- 
terminal. 

Disarticulation  of  Great  Toe  at  Metatarsophalangeal  Joint 
(By  Internoplantar  Flap — Farabeuf). — The  operation  is  a  modi- 
fication of  the  oval  method,  whereby  the  covering  is  gotten  from  the 
internal  and  plantar  aspects  of  the  great  toe,  and  the  cicatrix  is 
brought  well  over  to  lie  obliquely  from  the  upper  angle  of  the  inter- 
digital  web  to  the  head  of  the  metatarsal,  and  thus  well  removed  from 
internal  and  terminal  pressure. 

The  position  is  as  for  amputating  through  the  toes  in  general 
(p.  837).  The  landmarks  are  the  metatarsophalangeal  joint-line  and 
the  interdigital  web. 

The  incision  begins  over  the  metatarsophalangeal  joint,  at  the  junc- 
tion of  the  dorsal  and  internal  surfaces,  passes  vertically  down  the  toe  in 
the  line  represented  by  the  junction  of  these  two  surfaces  (parallel  with 
the  extensor  tendon),  nearly  to  the  head  of  the  first  phalanx,  curves 
thence  downward  over  the  inner  surface  to  the  junction  of  the  internal 
and  plantar  surfaces,  passes  thence  obliquely  across  the  plantar  surface 
to  the  angle  of  the  interdigital  web,  thence  runs  directly  over  the 
external  and  dorsal  surfaces  of  the  toe  to  the  point  of  beginning  by  the 
shortest  route  (Fig.  354,  H). 

This  incision  is  now  deepened  to  the  bone  in  the  same  order  as  made, 
extending  the  toe  while  cutting  the  plantar  and  flexing  it  while  cutting 
the  dorsal  tissues.     Free  the  soft  parts  up  to  the  joint-line.     Sever  the 
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glenoid  ligament  against  the  base  of  the  first  phalanx,  thus  opening 
the  joint,  and  leaving  the  ligament  and  the  sesamoid  bones  in  the  stump. 
Divide  the  lateral  ligaments  and  the  extensor  tendon.  Two  plantar 
and  two  dorsal  digital  arteries  are  cut  and  will  probably  require  ligation. 
Close  the  flexor  sheath.  Include  the  cut  flexor  and  extensor  tendons 
in  the  tissues  of  the  stump.  Suture  the  internal  and  plantar  portions 
of  the  oval  to  the  straight  incision  from  the  interdigital  web  to  the  head 
of  the  metatarsal,  which  will  represent  the  line  of  cicatrix. 


Fig.  355. — Amputations  About  the  Foot. 
A,  Disarticulation  of  the  great  toe  at  the  tarsometatarsal  joint  by  a  curvilinear  racket  incision; 

B,  disarticulation  of  the  little  toe  at  the  tarsometatarsal  joint  by  a  curvilinear  racket  incision; 

C,  amputation  of  a  toe  with  part  of  its  metatarsal  by  a  racket  incision. 

Disarticulation  of   Little  Toe  at  Metatarsophalangeal  Joint 

(By  Extemodorsal  Flap — Farabeuf). — This  is  the  reverse  of  the  last 
operation,  a  modification  of  the  oval  method,  whereby  the  covering 
is  gotten  from  the  external  and  dorsal  aspects  of  the  little  toe,  and  the 
cicatrix  brought  well  over  to  lie  obliquely  from  the  upper  angle  of  the 
interdigital  web  to  the  head  of  the  metatarsal,  and  thus  well  removed 
from  external  and  terminal  pressure.  The  landmark  is  the  same  as 
in  the  last  operation. 


842 


AMPUTATIONS. 


The  incision  begins  over  the  dorsal  aspect  of  the  metatarsophalan- 
geal joint,  just  to  the  inner  side  of  the  extensor  tendon,  passes  vertically 
down  the  inner  margin  of  the  tendon  to  the  end  of  the  first  phalanx, 
curves  thence  downward  and  outward  over  the  external  aspect  of  the 
toe,  thence  obliquely  across  the  plantar  surface  to  the  angle  of  the 
interdigital  web,  thence  along  the  internal  aspect  of  the  toe  to  the  point 
of  beginning,  by  the  shortest  route  (Fig.  354,  F). 

The  steps  of  the  operation 
are  exactly  similar  to  those 
of  the  disarticulation  of  the 
metatarsophalangeal  joint  of 
the  great  toe.  The  dorsal, 
external,  and  part  of  the  plan- 
tar portion  of  the  oval  are  su- 
tured to  the  straight  incision 
from  the  metatarsophalangeal 
joint  to  the  interdigital  web, 
which  will  represent  the  line 
of  cicatrix  and  be  out  of  the 
way  of  pressure. 

Disarticulation  of  Two 
Adjoining  Toes  at  Meta- 
tarsophalangeal Joint  (By 
Oval  Method), — The  operation 
is  the  same  as  the  disarticu- 
lation of  a  single  toe  at  the 
metatarsophalangeal  joint  (p. 
840),  except  that  the  queue 
of  the  oval  is  placed  between 
the  two  toes,  beginning  a  little 
higher  above  the  metatarso- 
phalangeal joint-line,  the  two 
limbs  of  the  oval  diverging  to 
encircle  the  outer  and  inner 
toes  and  meet  at  the  margin 
of  the  web  between  the  toes. 
Each  toe  is  then  freed  up  to 
the  metatarsophalangeal  joint 
and  disarticulated.  The  wound 
is  sutured  as  a  vertical  cica- 
trix. 
Disarticulation  of  all  Toes,  en  Masse,  at  Metatarsophalangeal 
Joints  (By  Equal  Short  Dorsal  and  Plantar  Flaps). — The  covering  is 
gotten  equally  from  the  dorsal  and  plantar  surfaces,  and  the  scar  is 
terminal  (Fig.  357,  A,  A). 

The  patient  is  supine,  the  foot  over  the  edge  of  the  table.  The 
surgeon  grasps  the  toes  with  the  left  hand,  with  the  thumb  on  the 
dorsum  and  the  fingers  on  the  plantar  surface  for  dorsal  incisions, 


Fig.  356. — Disarticulations  About  the  Foot. 

A,   A,   Of  all   the  toee  at   metatarsophalangeal 

joints,  by  equal  short  dorsal  and  plantar  flaps;   B,  B, 

of  all    the   toes   at   tarsometatarsal   joints,  by  short 

dorsal  and  long  plantar  flaps  (Lisfranc's  operation). 
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and  the  thumb  on  the  plantar 
plantar  incisions,  manipulat- 
ing the  foot  as  indicated. 
After  the  incisions  are  made, 
an  assistant  takes  the  toes  and 
the  surgeon  manipulates  the 
flap.  The  surgeon  stands  for 
the  dorsal  and  sits  for  the 
plantar  incisions. 

Supposing  the  left  foot  to 
be  operated  upon,  the  dorsal 
incision  (with  foot  extended 
and  toes  flexed)  begins  at  the 
midlateral  aspect  of  the  meta- 
tarsophalangeal joint  of  the 
great  toe,  passes  vertically 
down  the  inner  margin  of  the 
foot  to  the  middle  of  the 
first  phalanx,  thence  rounds 
broadly  on  to  the  dorsum  of 
the  foot,  and  follows  the  line 
of  the  web,  dipping  in  be- 
tween the  toes  as  they  are 
separated,  until  the  little  toe 
is  reached,  when  the  incision 
rounds  broadly  into  the  outer 
aspect  of  the  foot  and  passes 
vertically  up  in  the  midlateral 
aspect  to  the  metatarso- 
phalangeal joint.  The  plantar 
incision  (with  foot  flexed  and 
toes  extended)  passes  trans- 
versely across  the  plantar 
surface  of  the  foot,  connect- 
ing the  distal  end  of  the  ver- 
tical limbs  of  the  dorsal  in- 
cision, beginning  at  a  point 
where  the  vertical  limb  begins 
to  round  on  to  the  dorsum, 
the  plantar  incision  rounds  on 
to  the  plantar  surface  at  the 
middle  of  the  first  phalanx 
of  the  great  toe,  and  thence 
follows  the  line  of  the  web 
and  the  creases  of  the  toes, 
dipping  in  between  the  toes 
as  they  are  separated  until  the 
little  toe  is  reached,  when  the 


and  the  fingers  on  the  dorsum  for  the 


Fig.  357. — Line*  or  Di» articulations  About  the 
Foot. 

A,  A,  Metatarsophalangeal  disarticulation;  B,  B, 
tarsometatarsal  disarticulation  (Lisfranc's operation); 
(\  C,  anterior  intertarsal  amputation  (between  the 
cuneiform:*  and  scaphoid,  with  transverse  section  of 
the  cuboid — the  Jaeger- Bona  or  Forbes'  operation); 
D,  D,  posterior  intertarsal  or  mediotarsal  disarticula- 
tion (Chopart's  operation);  K,  K,  disarticulation  at 
the  ankle-joint. 

Note. —  Pirofcoff's  intercalcaneal  osteoplastic  am- 
putation, with  section  of  the  tibia  and  fibula,  and 
also  the  subast  ragaloid  disarticulation  are  not  shown 
here. 

incision  rounds  on  to  the  outer  aspect 
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and  joins  the  dorsal  incision  at  a  point  where  the  outer  vertical  limb 
begins  to  round  on  to  the  dorsum  (Fig.  356,  A,  A). 

The  dorsal  incision  is  deepened  to  the  extensor  tendons  and  freed 
half-way  back  to  the  joint-line,  when  the  extensor  tendons  are  cut 
transversely,  each  toe  being  previously  forcibly  flexed  in  turn.  The 
flap  of  the  entire  soft  parts  is  then  dissected  back  to  the  metatarso- 
phalangeal joint-line.     The  plantar  incision  is  now  deepened  to  the 

flexor  tendons,  and  freed  half- 
way back  to  the  joint-line,  when 
the  flexor  tendons  are  cut  trans- 
versely, each  toe  being  previously 
forcibly  extended  in  turn.  The 
flap  of  the  entire  soft  parts  is 
then  dissected  back  to  the  meta- 
tarsophalangeal joint-line.  Both 
flaps  are  then  well  retracted  to 
the  general  joint-line,  the  toes 
are  flexed,  and  the  joints  are 
opened  from  the  dorsum,  and 
the  lateral  ligaments  cut  from 
within  outward.  The  toes  are 
then  extended  and  the  plantar 
ligaments  are  cut  from  the  plan- 
tar surface,  preserving  the  glenoid 
ligaments.  The  disarticulation 
of  each  toe  is  thus  completed 
in  turn.  The  flexor  sheaths  are 
closed.  Two  plantar  and  two 
dorsal  digital  arteries  for  each 
toe  are  cut;  the  latter  may  not 
require  ligature.  The  dorsal  and 
plantar  flaps  are  sutured  in  one 
lateroterminal  line. 

Amputation  of  Toes,  in 
General,  with  Part  of  their 
Metatarsals  (£;/  Racket  Method). 
— The  amputation  of  the  toes 
with  a  part  of  their  metatarsals 
is  so  similar,  in  all  essential  de- 
tails, to  disarticulation  with  their 
entire  metatarsals,  that  the 
former  will  not  be  separately  given  (as  was  done  in  the  case  of  the 
fingers).  The  best  method  of  removing  any  of  the  toes  with  a  part 
of  their  metatarsals,  whether  an  inside  toe  or  the  great  or  little  toe,  is 
by  the  racket  method  (p.  485).  The  best  method  for  the  removal 
of  two  or  three  contiguous  toes,  with  parts  of  their  metatarsals,  is  by 
the  oval  operation  (p.  840). 

The  practical  differences  between  the  partial  and  complete  opera- 


Fio.  358. — Amputations  Aboi't  the  Foot. 
A,  A,  Amputation  of  all  the  toes  through 
the  metatarsus,  by  short  dorsal  and  long  plantar 
flaps  (metatarsal  amputation);  B,  B,  disarticula- 
tion of  anterior  part  of  foot  at  mediotarsal  joints, 
by  short  dorsal  and  long  plantar  flaps  (Chopart's 
operation). 
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tions  are  that  the  incision  begins,  in  the  former,  just  above  the  saw-line, 
instead  of  just  above  the  tarsometatarsal  joint-line,  and,  instead  of 
disarticulating  the  proximal  end  of  the  bone,  it  is  sawed  with  a  Gigli 
or  chain  saw  (Fig.  354,  I,  and  Fig.  355,  C). 

All  of  the  toes  with  parts  of  their  metatarsals  through  the  meta- 
tarsus by  a  short  dorsal  and  long  plantar  flap  constituting  the  meta- 
tarsal amputation  (Fig.  358,  A,  A). 

Disarticulation  of  Toes,  in  General,  with  their  Entire  Meta- 
tarsals (By  Racket  Method). — The  coverings  are  gotten  from  the 
lateral  and  plantar  aspects,  and  the  cicatrix  is  vertical  and  dorso- 
terminal. 

The  patient  is  supine,  with  the  foot  over  the  edge  of  the  table.  The 
surgeon  is  opposite  the  foot,  standing  while  operating  on  the  dorsum, 
sitting  while  working  on  the  plantar  aspect,  steadying  the  toes  with 
his  left  fingers  during  the  incisions,  while  the  assistant  holds  the  ankle. 
The  landmarks  are  the  tarsometatarsal  joint  and  the  interdigital  web. 

The  incision  begins  just  above  the  tarsometatarsal  joint,  in  the 
middorsal  aspect,  passes  vertically  down  in  the  median  line  to  the 
head  of  the  metatarsal,  thence  the  two  limbs  of  the  oval  diverge,  the 
outer  limb  running  downward  across  the  outer  aspect  of  the  toe  to  the 
web,  the  inner  limb  across  the  inner  aspect  to  the  web,  the  two  meeting 
in  the  digitoplantar  crease  (which  about  corresponds  to  the  center  of 
the  first  phalanx)  (Fig.  354,  J). 

Deepen  the  vertical  incision,  dividing  the  extensor  tendons  as  high 
up  as  encountered,  while  the  toe  is  flexed.  Deepen  the  oval  incision 
to  the  bone,  upon  the  lateral  and  plantar  aspects,  extending  the  toes 
while  severing  the  flexor  tendons  transversely.  Free  the  soft  parts 
along  the  dorsum  and  lateral  surfaces  with  a  periosteal  elevator, 
hugging  the  bone  closely.  Forcibly  extend  the  toe  and  its  metatarsal 
and  free  the  plantar  surface  as  far  as  possible.  Sever  from  the  dorsum 
the  ligaments  binding  the  metatarsus  to  the  tarsus  and  to  the  adjacent 
metatarsals,  while  the  toe  is  being  manipulated  and  the  ligaments  are 
put  upon  the  stretch,  thus  completing  the  disarticulation.  Divide  the 
flexor  tendons  high  up  and  close  the  sheaths.  Two  dorsal  and  two 
plantar  digital  arteries  are  to  be  tied.  Suture  the  wound  in  one  vertical 
line. 

Disarticulation  of  Great  Toe  with  its  Entire  Metatarsal 
(By  Racket  Method). — The  description  and  the  landmarks  of  the 
operation  are  the  same  as  those  of  the  last  procedure. 

The  incision  begins  just  above  the  tarsometatarsal  joint,  at  its 
dorso-internal  aspect,  passes  vertically  downward  along  the  outer 
margin  of  the  extensor  tendon  to  just  beyond  the  center  of  the  meta- 
tarsal, thence  the  two  limbs  of  the  oval  diverge,  the  outer  limb  passing 
across  the  dorso-external  aspect  of  the  toe  to  the  web,  the  inner  limb 
passing  across  the  dorso-internal  aspect  to  the  plantar  surface,  at  a 
point  opposite  the  web,  the  two  limbs  meeting  in  the  digitoplantar 
crease.  If  needed  for  purpose  of  exposing  the  joint  more  readily,  an 
additional  transverse  incision  may  be  added  to  the  upper  end  of  the 
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vertical  incision,  running  as  far  as  thought  necessary  directly  inward 
parallel  with  the  tarsometatarsal  joint  (Figs.  355,  A,  and  359,  B). 

Deepen  the  vertical  incision,  exposing  and  dividing  the  tendons  of 
the  extensor  proprius  and  brevis  hallucis  near  the  tarsometatarsal 
joint.  Deepen  the  limbs  of  the  oval,  cutting  to  the  bone  along  the 
lateral  and  plantar  surfaces.  Free,  up  to  the  tarsometatarsal,  the  soft 
parts  from  the  external,  internal,  and  plantar  surfaces  of  the  metatarsal 
and  phalanx,  by  closely  hugging  the  bones  with  periosteal  elevator, 
rotating  the  toe  as  indicated.  The  sesamoid  bones  are  left  behind,  and 
the  structures  about  the  metatarsophalangeal  joint  are  removed  as 


Fio.  359. — Amputations  ABornnE  Toes  and  To^t.  (T^ner  view.) 
A,  At  interphalangeal  joint  of  great  toe,  by  plantar  flap;  B,  of  great  toe  and  its  metatarsal,  at 
tarsometatarsal  joint,  dv  racket  method,  with  transverse  incision  added  to  upper  end;  C,  inner 
aspect  of  plantar  and  dorsal  incisions  in  Syrne's  disarticulation  of  foot  at  ankle,  by  heel-flap: 
(",  line  of  tibial  and  fibular  section;  D.  inner  aspect  of  plantar  and  dorsal  incisions,  in  PirogofTs 
disarticulation  at  ankle,  by  heel-flap;  D',  line  of  section  of  bones  of  leg,  in  same;  D",  line  of  section 
of  os  calcis,  in  same;  E,  inner  aspect  of  plantar  and  dorsal  incision**  in  subastragaloid  disarticulation 
of  foot,  by  heel-flap. 

nearly  subcapsuloperiosteally  as  possible,  in  order  to  retain  the  attach- 
ment of  the  severed  tendons  there  inserted.  Open  the  tarsometatarsal 
joint  from  the  dorsum,  completing  the  disarticulation  by  severing  the 
remaining  ligaments  while  under  tension  during  the  manipulation  of 
the  toe.  Divide  the  tendons  of  the  peroneus  longus  and  tibialis  anticus. 
Cut  the  tendons  short  and  close  their  sheaths.  The  following  arteries 
are  divided:  two  dorsal  digital,  two  plantar  digital,  and  the  termination 
of  the  internal  plantar.  Guard  against  wounding  the  communicating 
branch  of  the  dorsalis  pedis  in  the  first  interosseous  space.  The  suture 
line  will  be  vertical,  and  fall  over  the  dorso-external  aspect  of  the  toe, 
out  of  the  way  of  pressure. 
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Disarticulation  of  Little  Toe  with  its  Entire  Metatarsal  (By 

Racket  Incision). — The  description  and  landmarks  .are  as  in  the  last 
operation. 

The  incision  begins  just  above  the  tarsometatarsal  joint  at  its 
dorso-external  aspect,  passes  vertically  downward  along  the  outer 
margin  of  the  extensor  tendon  to  just  beyond  the  center  of  the  meta- 
tarsal, thence  the  two  limbs  of  the  oval  diverge,  the  inner  limb  passing 
across  the  dorso-internal  aspect  of  the  toe  to  the  web,  the  outer  limb 
passing  across  the  dorso-external  aspect  of  the  plantar  surface  at  a 
point  opposite  the  web,  the  two  limbs  meeting  in  the  digitoplantar 


e  a 

Via.  360. — Amputations  About  the  Toes  and  Foot.  (Outer  view.) 
A,  Through  first  interphalangeal  joint  of  little  toe,  by  oblique  circular  method;  B,  of  little  toe 
and  its  metatarsal,  by  racket  method,  with  added  curved  incision  at  upper  end;  C,  outer  aspect  of 
plantar  and  dorsal  incisions,  in  Syme's  disarticulation  of  foot  at  ankle,  by  a  heel-flap;  C",  line  of 
section  through  tibia  and  fibula,  in  same;  D,  outer  aspect  of  plantar  and  dorsal  incisions,  in  Pirogoff's 
disarticulation  at  ankle;  D',  line  of  section  of  tibia  and  fibula  in  same;  D*.  line  of  section  of  os  calcis, 
in  same;  K,  supramalleolar  ai  .putation  of  leg.  by  oblique  elliptical  incision;  K\  tibial  and  fibular 
section  in  came;  F,  outer  aspect  of  dorcal  and  plantar  incisions  in  subastragaloid  disarticulation  of 
foot  by  heel-flap. 


groove.  If  needed  for  the  purpose  of  more  readily  exposing  the  joint, 
an  additional  transverse  or  oblique  incision  may  be  added  to  the  upper 
end  of  the  vertical  incision,  by  prolonging  the  latter  a  short  way  directly 
outward  parallel  with  the  tarsometatarsal  joint,  or  the  upper  end  of 
the  straight  incision  may  be  given  a  slight  outward  curve  (Figs.  355,  B, 
and  360,  B). 

The  steps  of  the  operation  are  practically  the  same  as  in  the  cor- 
responding operation  upon  the  great  toe  (p.  845).  The  metatarsal 
is  disarticulated  from  the  cuboid  and  from  the  fourth  metatarsal. 
Two  dorsal  and  two  plantar  digital  arteries  are  cut. 
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Disarticulation  of  Two  or  Three  Contiguous  Toes  with 
their  Entire  Metatarsals  {By  Oval  or  Racket  Method). — The  pro- 
cedure is  the  same,  in  principle,  as  the  operation  for  the  removal  of 
a  single  toe  and  its  metatarsal  (p.  845).  Where  two  contiguous  toes 
are  removed,  the  vertical  portion  of  the  incision  is  placed  between  the 
toes,  beginning  just  above  the  saw-line  and  diverging  to  include  both 
toes,  meeting  on  the  plantar  surface  of  the  web  between  them.  Where 
three  contiguous  toes  are  removed,  the  vertical  portion  of  the  incision 
is  placed  over  the  middle  metatarsal,  beginning  at  the  disarticulation- 
line,  or  just  above,  and  diverging  to  include  all  three  toes,  meeting  at 
the  center  of  the  plantar  surface  of  the  middle  toe  in  the  digitoplantar 
crease  (Fig.  354,  I). 

Disarticulation  of  all  the  Toes  at  the  Tarsometatarsal  Joints 
{By  Short  Dorsal  and  Long  Plantar  Flaps — Lisfranc's  Operation). — 
The  operation  consists  of  the  disarticulation  of  the  anterior  portion 
of  the  foot  at  the  tarsometatarsal  line,  the  stump  being  formed  of 
plantar  and  dorsal  tissues  (Fig.  357,  B,  B). 

The  patient  is  supine,  with  the  foot  over  the  edge  of  the  table.  The 
surgeon  is  opposite  the  foot,  standing  while  operating  on  the  dorsum, 
and  sitting  while  working  upon  the  plantar  aspect,  steadying  the  toes 
with  his  left  fingers  during  the  incisions,  while  the  assistant  holds  the 
ankle,  and  as  soon  as  the  incisions  are  made,  the  assistant  takes  the 
toes,  while  the  surgeon  grasps  the  flaps  with  his  left  hand. 

The  landmarks  are  the  tarsometatarsal  joint-lines  and  the  heads 
of  the  metatarsals  (Figs.  352  and  353). 

Supposing  the  foot  of  the  right  side  to  be  operated  upon,  the  dorsal 
flap  is  outlined  in  the  following  way:  the  surgeon's  left  hand  grasps 
the  foot  with  his  thumb  on  the  base  of  the  fifth  metatarsal  and  his 
forefinger  on  the  base  of  the  first,  his  palm  to  the  sole,  the  foot  being 
extended.  The  incision  begins  just  behind  the  base  of  the  fifth  meta- 
tarsal, nearer  the  plantar  than  the  dorsal  surface,  passes  straight  down 
the  outer  aspect  of  the  foot  for  2.5  cm.  (1  inch),  thence  rounds  on  to 
the  dorsum  and  crosses  the  foot  with  slight  downward  convexity, 
parallel  with  and  about  1.3  cm.  {h  inch)  below  the  tarsometatarsal 
joints,  reaching  the  inner  border  of  the  foot,  1.3  cm.  {\  inch)  below 
the  tarsometatarsal  joint,  thence  rounds  into  the  inner  aspect  of  the 
foot  and  passes  straight  upward  and  ends  2  cm.  (f  inch)  above  the 
cuneiform  metatarsal  articulation  of  the  great  toe,  somewhat  nearer 
the  plantar  than  the  dorsal  aspect.  The  plantar  flap  is  now  made,  the 
surgeon  holds  the  toes  between  the  fingers  on  the  dorsum  and  thumb 
on  the  plantar  surfaces,  the  foot  being  flexed.  The  incision  is  con- 
tinuous with  the  horizontal  portion  of  the  dorsal  incision,  passing  down 
the  outer  lateral  aspect  of  the  foot  along  the  plantar  edge  of  the  fifth 
metatarsal  to  just  below  its  middle,  then  rounds  into  the  sole  and 
sweeps  obliquely  across  the  plantar  surface  in  such  a  way  as  to  cross 
the  fifth  metatarsal  just  above  its  neck,  the  fourth  metatarsal  at  its 
neck,  the  third  and  second  opposite  their  heads,  and  the  first  meta- 
tarsal at  the  metatarsophalangeal  joint,  thence  rounds  into  the  inner 
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midlateral  aspect  of  the  foot,  and  passes  straight  up  its  border  along 
the  plantar  edge  of  the  first  metatarsal,  to  become  continuous  with 
the  vertical  portion  of  the  dorsal  incision  (Fig.  356,  B,  B). 

Deepen  the  dorsal  line  to  the  extensor  tendons  and  free  back  the 
superficial  tissues  for  about  6  mm.  (J  inch),  and  then  divide  all  the  soft 
parts  down  to  the  bones,  while  the  foot  is  fully  extended  on  the  leg 
and  the  toes  flexed  on  the  foot,  and  free  the  flap  to,  and  very  slightly 
above,  the  joint-line,  hugging  the  bone  to  save  the  interosseous  vessels 
and  portion  of  interosseous  muscles.  Deepen  the  plantar  incision 
to  the  flexor  tendons  and  free  back  the  flap  of  superficial  tissues  to  the 
hollow  behind  the  heads  of  the  metatarsals,  and  then  divide  all  the 
soft  parts  down  to  the  bones,  while  the  foot  is  fully  flexed  on  the  leg  and 
the  toes  extended  on  the  foot,  and  free  the  flap  to,  and  very  slightly 
above,  the  tarsometatarsal  joint-line.  Both  flaps  contain  all  the  soft 
parts  to  the  bones.  Disarticulation  is  now  accomplished  from  the 
dorsum.  Retract  the  flaps,  extend  the  foot,  and  begin  the  disarticu- 
lation by  entering  the  knife  behind  the  prominent  base  of  the  fifth 
metatarsal  at  the  outer  side  of  the  foot,  and  then,  passing  obliquely  for- 
ward and  inward,  cut  the  peroneus  brevis  and  tertius  tendon  and  disar- 
ticulate the  fifth,  fourth,  and  third  metatarsal.  Then  turn  to  the  inner 
side  of  the  foot,  and  sever  the  ligaments  of  the  first  tarsometatarsal 
joint  and  divide  the  expansion  of  the  tibialis  anticus.  There  remains 
the  freeing  of  the  second  metatarsal,  which  is  somewhat  difficult  unless 
undertaken  in  a  definite  manner  (Figs.  352  and  353).  Hold  the  knife 
like  a  dagger,  with  the  cutting  edge  toward  the  ankle,  the  blade  pointing 
forward  at  an  angle  with  the  dorsum  of  the  foot,  enter  the  point  deeply 
between  the  bases  of  the  first  and  second  metatarsals,  where  they 
begin  to  bind;  elevate  the  handle  until  perpendicular  to  the  dorsum, 
cutting,  at  the  same  time,  forward,  and  thus  the  ligaments  binding  the 
base  of  the  second  metatarsal  to  the  base  of  the  first  metatarsal  and 
internal  cuneiform  are  severed,  the  manceuver  being  called  the 
"coup  de  maitre."  Repeat  this  manceuver  between  the  bases  of  the 
second  and  third  metatarsals.  Complete  the  disarticulation  of  the 
second  metatarsal  by  severing,  from  the  dorsum,  the  ligaments  between 
the  middle  cuneiform  and  the  base  of  the  metatarsal.  Divide  any 
connecting  bands  upon  the  plantar  aspects  of  the  joints.  The  peroneus 
longus  tendon  now  alone  holds  the  metatarsus;  put  this  upon  the 
stretch,  dividing  it  high  up.  The  following  arteries  are  to  be  tied: 
In  the  dorsal  flap,  four  dorsal  interosseous;  communicating  branch  of 
dorsalis  pedis;  in  the  plantar  flap,  five  plantar  digital  branches  of 
external  plantar  (and  possibly  the  external  plantar  itself),  and  the 
termination  of  the  internal  plantar.  Suture  any  open  sheaths.  Quilt 
the  muscles.  Suture  the  plantar  and  dorsal  flaps  in  one  transverse 
line.     Support  the  stump  upon  a  splint. 

Disarticulation  of  Anterior  Part  of  Foot  at  Mediotarsal  Joint 

(By  Short   Dorsal  and  Long  Plantar  Flaps — ChoparVs  Operation). — 

This  operation  consists  of  the  disarticulation  of  the  anterior  portion  of 

the  foot  at  the  astragaloscaphoid  and  calcaneocuboid  joints,  by  means 

vol.  v — 54 
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of  a  short  dorsal  and  long  plantar  flap,  the  operation  being  somewhat 
similar  to  Lisfranc's  tarsometatarsal  disarticulation  (Fig.  357,  D,  D). 
The  position  is  as  in  Lisfranc's  operation  (p.  848). 

The  landmarks  are  the  astragaloscaphoid  joint  (just  behind  the 
tuberosity  of  the  scaphoid) ;  the  calcaneocuboid  joint  (midway  between 
the  external  malleolus  and  the  tubercle  of  the  fifth  metatarsal) ;  the 
tarsometatarsal  joint-line,  and  the  middle  of  the  metatarsus. 

Supposing  the  right  foot  to  be  the  one  operated  upon,  the  plantar 
incision  begins  on  the  outer  aspect  of  the  foot,  a  little  nearer  the  plantar 
than  the  dorsal  surface,  and  at  a  point  opposite  the  calcaneocuboid 
joint  (see  landmarks),  passes  straight  down  the  outer  side  of  the  foot 
to  near  the  middle  of  the  fifth  metatarsal,  thence  rounds  inward  and 
crosses  the  sole  of  the  foot,  opposite  the  middle  of  the  metatarsals,  to 
the  inner  side  of  the  foot,  rounds  into  the  inner  border  of  the  foot,  and 
passes  straight  up  that  border  a  little  nearer  the  plantar  than  the 
dorsal  surface,  to  a  point  opposite  the  astragaloscaphoid  joint  (see 
landmarks).  The  dorsal  incision  begins  by  curving  from  the  outer 
limb  of  the  plantar  incision,  just  posterior  to  the  fifth  tarsometatarsal 
joint,  and  ends  by  curving  into  the  inner  limb  of  the  plantar  incision, 
just  posterior  to  the  first  tarsometatarsal  joint,  crossing  the  dorsum 
opposite  the  bases  of  the  metatarsals  (Fig.  358,  B,  B). 

Deepen  the  plantar  incision,  the  foot  flexed  on  the  leg  and  the  toes 
extended  on  the  foot,  to  the  flexor  tendons.  Free  the  skin  and  fascia 
a  short  distance,  divide  all  soft  parts  to  the  bone,  and  dissect  up  the 
flap  of  the  entire  soft  parts  to  the  mediotarsal  joint.  Deepen  the  dorsal 
incision,  the  foot  extended  on  the  leg  and  the  toes  flexed  on  the  foot, 
to  the  extensor  tendons.  Free  the  skin  and  fascia  a  short  distance, 
divide  all  the  soft  parts  to  the  bones,  and  dissect  up  the  flap  of  the 
entire  soft  tissues  to  the  mediotarsal  joint.  Disarticulate  from  the 
dorsum  while  the  foot  is  forcibly  extended,  rotating  the  forepart  of 
the  foot  outward  while  severing  the  ligaments  of  the  astragaloscaphoid 
joint,  and  inward  while  dividing  those  of  the  calcaneocuboid  articula- 
tion. The  tendons  of  the  tibialis  anticus  and  posticus  and  peroneus 
tertius,  brevis,  and  longus  are  cut  among  the  deeper  structures.  Quilt 
the  muscular  and  tendinous  tissues  of  the  two  flaps,  especially  suturing 
the  extensor  tendons  and  tibialis  anticus  of  the  dorsal  flap,  to  the 
tissues  of  the  plantar  flap,  in  order  to  counteract  the  tendency  of  the 
tendo  Achillis  permanently  to  extend  the  foot.  In  the  dorsal  flap 
the  dorsalis  pedis  and  its  tarsal  and  metatarsal  branches  are  cut,  and 
in  the  plantar  flap  the  terminations  of  the  external  and  internal  plantar 
arteries  and  plantar  digital  branches. 

Disarticulation  of  Foot  at  Astragaloscaphoid  and  Astrag- 
alocalcaneal  Joints— Subastragaloid  Disarticulation  (By  Large 
Internoplantar  Flap — Farabeuf). — The  procedure  is  a  modified  oval 
method.  The  structures  below  the  astragalus  are  removed,  the 
stump  being  covered  by  a  large  flap  gotten  from  the  sole  and  inner 
border  of  the  foot,  the  scar  being  horizontal  and  upon  the  outer  and 
anterior  aspects  of  the  foot.     The  position  is  as  in  the  preceding  opera- 


SPECIAL    AMPUTATIONS. 


851 


tions,  the  surgeon  so  manipulating  the  foot  with  his  left  hand  as  to  turn 
it  from  side  to  side  in  following  the  complicated  incisions. 

The  landmarks  are  the  tendo  Achillis,  the  external  malleolus,  the 
base  of  the  fifth  metatarsal,  the  joint  between  the  scaphoid  and  cunei- 
form, the  joint-line  between  the  scaphoid  and  the  internal  and  the 
middle  cuneiforms,  the  tendon  of  the  extensor  longus  hallucis,  the 
cuneometatarsal  joint  of  the  great  toe,  and  the  external  tuberosity 
of  the  os  calcis. 

The  incision  begins  at  the  outer  margin  of  the  insertion  of  the  tendo 
Achillis,  curves  upward  to  a  point  2.5  cm.  (1  inch)  below  the  external 
malleolus,  passes  horizontally  forward  at  this  level,  parallel  with  the 
border  of  the  foot,  until  a  point  is  reached  on  a  line  connecting  the  base 


Fig.  361. — Subastragaloid  Disarticulation   of   Foot  by  Large  Internoplantar  Flap 

(Farabeuf). 
A,  Outline  of  incision  upon  outer  aspect  of  foot;  B,  outline  of  incision  upon  inner  aspect. 


of  the  fifth  metatarsal  with  the  joints  between  the  scaphoid  and  cunei- 
form bones,  thence  curves  sharply  across  the  dorsum,  just  anterior 
to  the  joint-line,  between  the  scaphoid  with  the  internal  and  middle 
cuneiforms,  until  the  tendon  of  the  extensor  longus  hallucis  is  reached, 
thence  curves  slightly  forward  to  cross  the  inner  border  of  the  foot  in 
the  line  of  the  cuneometatarsal  joint  of  the  big  toe,  thence  sweeps 
across  the  center  of  the  sole,  and,  curving  into  the  outer  border  of  the 
foot,  follows  that  border  to  the  external  tuberosity  of  the  os  calcis, 
thence  upward,  to  end  at  the  insertion  of  the  tendo  Achillis,  at  the 
point  of  beginning  (Fig.  361). 

The  above  incision  is  now  everywhere  deepened  to  the  bone  along 
the  line  of  the  retracted  skin  and  fascia,  using  a  stout  knife,  and  cutting 
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with  force  as  the  parts  are  put  upon  the  stretch,  cutting  all  the  tendons 
cleanly,  and  opening  no  joints.  Now  flex  the  leg  upon  the  thigh,  turn 
the  knee  inward,  and  press  the  inner  side  of  the  leg  onto  the  table,  so 
that  the  outer  side  of  the  leg  presents,  and  the  foot  is  beyond  the  edge 
and  kept  upon  the  stretch.  Dissect  up,  cleanly  from  the  bone,  the 
outer  dorsal  portion  of  the  flap,  until  the  head  of  the  astragalus  is 
exposed  in  front  and  the  tendo  Achillis  behind;  divide  the  tendo 
Achillis,  enter  the  astragaloscaphoid  joint  on  its  dorsal  aspect,  keep 
the  knife  in  the  interarticular  line,  and  cut  backward  between  the 
astragalus  and  os  calcis,  passing  beneath  the  tip  of  the  external  malleolus 
to  the  already  cut  tendo  Achillis,  severing  all  ligaments,  and  everting 
the  os  calcis  as  the  ligaments  are  cut,  until  the  under  surface  of  the 
astragalus  is  free.  The  foot  is  further  twisted  into  extreme  varus, 
and  the  inner  and  under  surfaces  of  the  os -calcis  are  bared,  working 
from  the  inner  toward  the  under  and  outer  surfaces  of  the  os  calcis, 
by  cutting  with  short  strokes  of  a  strong  knife,  and  closely  hugging  the 
bone  to  avoid  damaging  important  structures  on  the  inner  aspect, 
especially  the  vessels  which  supply  the  flap.  By  the  time  the  externo- 
plantar  border  of  the  os  calcis  is  reached,  the  dorsum  of  the  foot  will  be 
looking  downward.  Free  the  skin  from  the  posterior  surface  of  the 
os  calcis  carefully,  so  as  not  to  score  the  integumentary  parts.  Sever 
any  remaining  connection.  Cut  the  anterior  and  posterior  tibial 
nerves  high  up.  The  following  arteries  are  encountered  in  the  direction 
of  the  incision,  and  will  require  ligation:  the  posterior  peroneal,  the 
anterior  peroneal,  the  dorsalis  pedis,  the  internal  and  external  plantar. 
Provide  temporary  drainage  by  puncturing  the  heel  portion  of  the  flap. 
Quilt  the  muscles  and  the  tendons.  Suture  the  flap  in  an  external  and 
anterior  horizontal  line.     Dress  the  stump  upon  a  posterior  splint. 

Disarticulation  of  Foot  at  Ankle-joint,  with  Removal  of  Mal- 
leoli and  Articular  Surface  of  Tibia  (By  Heel  Flap—Symes' 
Operation). — The  operation  is  sufficiently  described  in  the  above  title. 

The  patient  is  supine,  with  the  foot  elevated  and  over  the  edge  of 
the  table.  The  assistant  steadies  the  leg  with  one  hand  and  holds  the 
foot  at  a  right  angle  to  the  leg  by  grasping  the  toes  with  the  other  hand. 
The  surgeon  sits  for  the  plantar  and  stands  for  the  dorsal  incisions. 
The  landmarks  are  the  outline  of  the  ankle-joint  and  the  malleoli. 

The  plantar  incision  begins  at  the  tip  of  the  external  malleolus,  on 
the  right  side  (the  surgeon's  left  palm  resting  on  the  instep,  with  the 
forefinger  and  thumb  upon  the  malleoli),  passes  vertically  down  the 
outer  side  of  the  foot  across  the  sole,  and  vertically  up  the  inner  side 
of  the  foot  to  a  point  1.3  cm.  (\  inch)  below  the  tip  of  the  internal 
malleolus.  This  incision  passes  exactly  at  a  right  angle  to  the  long  axis 
of  the  foot,  in  a  straight  line  between  these  two  points;  if  inclined  for- 
ward, the  flap  is  very  difficult  to  dissect  from  the  os  calcis;  if  inclined 
backward,  it  is  easier  to  separate,  but  apt  to  form  a  scanty  covering, 
with  imperfect  vascular  supply.  If  the  inner  limb  of  the  vertical 
incision  passes  up  to  the  posterior  border  of  the  inner  malleolus,  the 
posterior  tibial  artery  is  more  in  danger  of  being  divided  before  its 
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bifurcation  and  the  main  branch  of  the  flap,  the  internal  calcaneal  of 
the  external  plantar,  is  lost.  The  above  incision  is  made  in  two  cuts, 
each  from  the  malleolus  to  the  center  of  the  sole.  The  dorsal  incision 
(surgeon's  left  palm  to  the  sole,  with  the  thumb  and  first  finger  grasping 
the  margins  of  the  foot  and  extending  it)  connects  the  upper  ends  of 
the  plantar  incision  by  an  incision  sweeping  straight  across  the  front 
of  the  ankle.  The  dorsal  and  plantar  incisions  are  approximately 
at  a  right  angle  to  each  other  (Fig.  359,  C,  C,  and  Fig.  360,  C,  C). 

The  plantar  incision,  made  with  a  heavy  knife,  passes  directly  and 
cleanly  to  the  bone.  The  large  heel  flap  is  freed  from  the  os  calcis  as 
far  as  its  tuberosities,  partly  by  the  use  of  the  left  thumb,  partly  by 
a  stout  knife  cutting  close  to  the  bone.  It  is  possible,  but  difficult  and 
unadvisable,  entirely  to  dissect  and  retract  the  heel  flap  from  the 
tuberosities  and  posterior  surface  of  the  os  calcis  from  the  plantar 
wound.  With  the  foot  fully  extended,  the  dorsal  incision  is  now  made 
directly  to  the  bone,  cutting  the  tendons  and  ligaments  cleanly.  This 
incision  cuts  directly  through  the  anterior  ligament  of  the  ankle-joint 
and  opens  the  articulation.  The  disarticulation  is  continued  by 
cutting  the  lateral  ligaments  from  within  outward,  and  completed  by 
similarly  cutting  the  posterior  ligament.  The  tendo  Achillis  is  now  cut. 
The  foot  is  then  drawn  downward  and  forward  and  the  posterior  and 
lateral  surfaces  of  the  os  calcis  dissected  free  of  the  heel  covering  by 
working  from  behind  downward  and  forward  with  short,  close  strokes 
of  the  knife  while  the  parts  are  under  tension.  The  malleoli  are  now 
closely  cleared  of  their  soft  parts,  hugging  the  bones  and  guarding  the 
flaps.  The  soft  parts  are  well  retracted,  and  the  tibia  and  fibula  are 
sawn  transversely  about  6  mm.  (J  inch)  above  the  inferior  border  of 
the  tibia  (which  will  remove  the  articular  surface  of  the  dome),  the 
malleoli  being  steadied  by  forceps  during  the  sawing.  Ligate  the  anter- 
ior tibial,  external  and  internal  plantar,  and  probably  the  external  and 
internal  malleoli  of  the  anterior  tibial,  the  anterior  peroneal,  the 
internal  malleolar  of  the  posterior  tibial,  and  the  internal  and  external 
saphenous  veins.  Cut  all  the  nerves  short,  especially  those  of  the  heel 
flap,  which  is  bent  over  the  ends  of  the  sawn  bones.  Suture  the  heel 
flap  to  the  dorsal  incision,  using  tension-sutures  in  addition  to  coapta- 
tion sutures,  if  there  be  much  strain  upon  the  suture  line.  Institute 
drainage  through  a  counteropening  in  the  heel  flap  if  indicated.  So 
dress  the  part,  with  a  posterior  splint  included,  as  to  draw  the  heel 
flap  forward  and  upward. 

Disarticulation  of  Foot  at  Ankle-joint,  with  Removal  of 
Malleoli,  Articular  Surface  of  Tibia,  and  Anterior  Part  of  Os 
Calcis  (By  Heel  Flap — Pirogoff's  Operation). — An  intracalcaneal 
osteoplastic  amputation  of  the  foot.  The  operation  is  very  similar 
to  Symes',  except  that  the  anterior  and  major  portion  of  the  os  calcis 
is  sawed  off  and  the  remaining  posterior  portion,  which  is  left  in  the 
heel  flap,  is  adjusted  to  the  transversely  sawn  tibia  and  fibula. 

The  position  and  landmarks  are  the  same  as  in  Svmes'  operation 
(p.  852). 
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The  plantar  incision  (in  the  case  p/  the  right  foot)  begins  just 
anteriorly  to  the  tip  of  the  external  malleolus,  passes  vertically  down 
the  outer  side  of  the  foot,  across  the  sole,  and  vertically  up  the  inner 
side  of  the  foot  to  a  point  1.3  cm.  (h  inch)  below  and  a  short  distance 
anteriorly  to  the  tip  of  the  internal  malleolus  (which  points  are  a  little 
anterior  to  those  of  Symes'  operation).  The  dorsal  incision  is  somewhat 
more  convex;  that  is,  it  passes  further  down  on  the  dorsum  of  the  foot 
than  does  Symes'  (Fig.  359,  D,  D',  D",  and  Fig.  360,  D,  D',  D"). 

These  incisions  are  made  and  deepened  in  the  same  manner  as  in 
Symes'  operation.  The  heel  flap  is  not  freed  back  from  the  plantar 
surface  of  the  os  calcis  quite  to  its  tuberosities.  The  disarticulation 
is  accomplished  as  in  Symes'.  The  foot  is  placed  in  extreme  extension 
and  the  upper  surface  of  the  os  calcis  exposed,  but  the  tendo  Achillis 
not  cut.  The  whole  of  the  os  calcis  having  been  freed  except  its  pos- 
terior third,  the  saw  is  applied  (with  the  foot  in  extension)  to  the  upper 
surface  of  the  os  calcis,  1.3  to  2  cm.  (£  to  J  inch)  behind  the  astragalus, 
and  made  to  saw  its  way  obliquely  downward  and  forward  (or  more 
nearly  vertically,  in  the  extended  position  of  the  foot)  in  a  line  about 
parallel  with  the  now  distorted  heel  incision,  all  the  soft  parts  being 
carefully  retracted  the  while,  especially  the  inner  arteries.  The  lower 
ends  of  the  tibia  and  fibula  are  then  freed  as  in  Symes/  and  are  sawed 
off  in  the  same  manner,  except  that,  after  entering  the  anterior  surface 
of  the  bone  about  6  mm.  (\  inch)  above  the  inferior  border  of  the  tibia, 
the  section  is  so  made  that  the  saw  emerges  posteriorly  about  1.3  cm. 
(i  inch)  higher  than  on  the  anterior  surface  (to  be  parallel  with  the 
section  of  the  calcaneum).  Ligate  the  same  vessel  as  encountered 
in  Symes'  operation.  Cut  the  nerves  short  and  the  loose  tendons. 
Approximate  the  sawed  calcaneum  to  the  sawed  tibia,  and  suture  the 
plantar  flap  to  the  dorsal  incision. 

Amputation  of  Leg  through  Supramalleolar  Region  (By  Oblique 
Elliptical  Incision — Guyon's  Supramalleolar  Operation). — An  opera- 
tion somewhat  resembling  Symes',  the  tibia  and  fibula  being 
divided  below  the  medullary  canal,  and  the  ends  of  the  bones  covered 
by  a  heel  flap  of  skin  and  muscles. 

In  operating  upon  the  leg,  in  general,  the  limb  projects  over  the 
edge  of  the  table,  the  patient  being  supine,  the  surgeon  standing  to 
the  outer  side  of  the  right  and  inner  side  of  the  left,  the  assistant  steady- 
ing the  part  to  come  away.  In  the  present  operation  the  surgeon 
grasps  the  foot  in  his  left  hand  and  manipulates  it  so  as  readily  to 
expose  the  line  of  incision.  On  the  right  the  foot  is  turned  inward  and 
the  incision  begins  at  the  outer  side  of  the  heel,  crosses  the  outer  aspect 
of  the  foot,  which  is  then  turned  upon  its  outer  side,  and  the  incision 
carried  to  the  heel  along  the  inner  aspect.  On  the  left,  the  incision 
may  begin  in  front,  with  the  foot  upon  its  inner  side. 

The  landmarks  are  the  ankle-joint,  the  malleoli,  and  the  greatest 
prominence  of  the  heel. 

The  incision  begins,  say,  on  the  anterior  aspect  of  the  ankle,  opposite 
the  center  of  the  ankle-joint,  curves  obliquely  downward  and  backward 
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over  the  lateral  aspects  of  the  foot,  just  skirting  the  inner  malleolus, 
and  passing  slightly  in  front  of  the  external  malleolus,  ending  over  the 
summit  of  the  curve  of  the  heel.  The  incision  may  be  made  from  the 
instep  to  the  heel,  or  vice  versS.  (Fig.  360,  E,  E'). 

The  above  incision  is  made  through  the  skin  and  fascia,  and  is  then 
everywhere  deepened  to  the  bone,  except  that  the  ankle-joint  is  not 
opened  and  the  peronei  tendons 
behind  the  external  malleolus  are 
not  cut  until  the  soft  parts  have 
been  cleared  above  the  ankle-joint. 
The  soft  tissues  are  now  carefully 
freed  up  about  5  cm.  (2  inches) 
above  the  tips  of  the  malleoli, 
providing  a  musculoperiosteal  cov- 
ering, using  great  carfc  to  preserve 
the  vessels  on  the  inner  aspect, 
the  surgeon  standing  for  the  ante- 
rior clearing,  and  sitting  (or  elevat- 
ing the  limb)  for  the  posterior  clear- 
ing. The  tendo  Achillis  is  divided. 
The  peronei  tendons  are  cut  at 
about  the  level  of  the  ankle.  The 
ankle-joint  is  not  opened.  The  an- 
terior tibial,  posterior  tibial,  termi- 
nation of  the  peroneal,  and  ante- 
rior peroneal  vessels  are  ligated. 
The  nerves  and  tendons  are  cut 
especially  short.  It  is  probably 
better  to  dissect  out  the  posterior 
tibial  nerve.  The  convex  heel  flap 
is  then  sutured  to  the  upper  con- 
cave incision,  and  the  stump  dressed 
as  in  Symes*  operation. 

Amputation  through  Lower 
Third  of  Leg  (By  Large  Posterior 
and  Small  Anterior  Flaps — Fara- 
beuf). — The  operation  is  usually 
known  as  a  large  posterior  flap 
method,  the  anterior  flap  supplying 
a  small  part  of  the  covering.  Both 
flaps  are  of  skin  and  muscle.  The 
posterior  flap,  which  forms  the  bulk 
of  the  covering,  is  derived  really 
more  from  the  postero-internal  aspect,  and  the  anterior  or  smaller  flap, 
which  is  about  one-fourth  the  length  of  the  larger,  from  the  antero- 
external  aspect. 

For  the  position  see  the  supramalleolar  amputation  (p.  854),  and 
under  Incision  below.     The  landmark  is  the  saw-line. 


Fig.  362. — Amputations  About  the  Leg. 
A,  Through  lower  third  of  leg,  by  large 
posterior  and  traiall  anterior  flap;  B,  through 
middle  third,  by  long  posterior  and  short 
anterior  (Hey's  operation);  C,  through  upper 
third,  by  bilateral  hooded  flaps  (Stephen 
Smith's  operation). 
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The  incision  for  the  posterior  flap  begins  (on  the  right  side)  with 
the  leg  turned  to  present  the  inner  side,  at  the  saw-line,  on  the  inner 
side  of  the  leg,  and  passes  vertically  down  in  front  of  the  inner  border 
of  the  tibia  for  a  distance  equal  to  about  1J  diameters  of  the  limb  at 
the  saw-line,  then  round  across  the  posterior  aspect  of  the  leg.  The 
outer  limb  of  the  incision  begins,  with  the  leg  turned  to  present  the 
outer  side,  at  the  saw-line,  on  the  outer  side  of  the  leg,  and  passes 
vertically  down  just  behind  the  fibula,  for  a  distance  equal  to  one  and 
a  quarter  diameters  of  the  leg  at  the  saw-line,  then  rounds  across  the 
posterior  aspect  of  the  leg  to  meet  the  inner  incision.  The  anterior 
flap  is  made  by  a  transverse  incision,  slightly  convex  downward,  passing 
between  the  two  vertical  incisions,  at  a  distance  below  their  upper  ends, 
equal  to  about  one-fourth  of  the  length  of  the  posterior  flap  (Fig.  362,  A). 

These  incisions  having  been  made  through  the  skin  and  fascia,  the 
tendo  Achillis  is  divided  on  a  line  with  the  retracted  skin,  and  the  leg  is 
turned  to  present  its  inner  side,  and  the  upper  part  of  the  inner  incision 
is  deepened  for  a  length  of  about  5  cm.  (2  inches)  by  freeing  the  muscles 
from  the  tibia.  The  leg  is  now  turned  to  present  the  outer  side,  and 
the  upper  end  of  the  outer  incision  is  similarly  deepened  for  a  distance 
of  about  5  cm.  (2  inches)  by  freeing  the  muscles  from  the  fibula.  The 
leg  is  flexed  during  these  incisions.  Through  these  two  opposite  open- 
ings the  left  thumb  and  index  are  thrust,  meeting  in  the  center,  and 
thus  the  soft  parts  are  picked  up  and  drawn  from  the  bones,  the  limb 
still  being  flexed.  A  long  knife  is  passed  through  this  opening  and 
made  to  cut  its  way  out  on  a  line  with  the  retracted  skin,  bluntly 
beveling  the  flap.  The  anterior  incision  is  now  deepened  to  the  bone 
on  a  line  with  the  retracted  skin.  The  soft  parts  are  then  freed  back 
to  the  saw-line,  the  interosseous  membrane  being  divided  transversely, 
and  the  periosteum  having  been  circularly  divided  a  distance  below 
the  saw-line  sufficient  to  furnish  a  covering  of  one  diameter  of  each 
bone  at  the  saw-line.  The  soft  parts  are  retracted  and  the  bones  are 
sawed,  beveling  the  prominent  anterior  border  of  the  tibia.  Ligate  the 
anterior  tibial,  posterior  tibial,  peroneal  arteries,  and  internal  and 
external  saphenous  veins.  Suture  the  periosteomuscular  coverings 
over  the  ends  of  the  bones.  Quilting  of  the  muscles  is  particularly 
indicated,  as  the  heavy  posterior  muscles  are  apt  to  sag  backward. 
Dissect  out  the  posterior  tibial  nerve.  Dress  the  stump  on  a  posterior 
splint. 

Osteoplastic  Amputation  of  the  Leg  (£//  Long  Posterior  and 
Short  Anterior  Flaps). — Having  amputated  the  leg  by  a  long  posterior 
and  short  anterior  flap,  a  vertical  section  is  made  from  the  anterior 
surface  of  the  tibia,  forming  an  adherent  bone-flap,  which  is  broken 
backward,  and  subsequently  applied  to  the  transversely  divided 
portions  of  the  tibia  and  fibula. 

The  position  is  the  same  as  in  amputating  the  leg  by  anteroposterior 
flap  methods,  see  above.     The  landmark  is  the  saw-line. 

The  posterior  flap,  having  a  base  equal  to  one-half  the  circumference 
of  the  limb  at  the  line  of  the  bone  section,  is  made  by  an  incision 
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beginning  just  below  the  line  of  the  division  of  the  bone,  and  passing 
down  behind  the  posterior  border  of  the  tibia  and  fibula,  rounding  out 
into  the  posterior  aspect  of  the  limb  at  a  distance  below  the  saw-level 
equivalent  to  about  one  diameter  of  the  limb  at  the  level  of  the  bone- 
section.  The  anterior  flap  is  one-third  the  length  of  the  posterior, 
beginning  and  ending  in  the  same  lines  laterally. 

Having  outlined  both  flaps  through 
the  skin  and  fascia,  the  soft  parts  of 
the  posterior  flap  are  divided  to  the 
bones,  cutting  obliquely  from  the  line 
of  the  retracted  skin.  This  flap  is  then 
retracted,  en  masse,  up  to  the  saw-line. 
The  anterior  flap  is  dealt  with  in  the 
same  way,  both  flaps  consisting  of  all 
the  soft  parts  down  to  but  not  including 
the  periosteum.  Having  retracted  the 
soft  flaps  well  out  of  the  way,  thus  ex- 
posing the  tibia  and  fibula  with  their 
undisturbed  periosteum,  the  bone-flap 
to  be  taken  from  the  tibia  is  planned. 
A  sufficient  length  of  bone-flap  is  calcu- 
lated to  cover  the  transversely  divided 
ends  of  the  tibia  and  fibula — the  bone- 
flap  coming  from  the  antero-internal 
aspect  of  the  tibia.  The  making  of 
this  flap  is  somewhat  complicated,  but 
is  well  shown  in  the  diagrammatic  Figs. 
364,  365,  and  366.  Having  completed 
the  division  and  retraction  of  the  soft 
parts,  the  tibia  and  fibula  are  sawn 
transversely  at  H  and  F,  Fig.  364.  The 
tibia  is  sawn  longitudinally  from  H  to  G, 
along  AC  and  BD.  The  fibula  is  then 
sawn  completely  through  at  E,  and  the 
tibia  is  divided  at  CD,  nearly  to  but  not 
through  the  periosteum  toward  G.  The 
portion  of  the  tibia  between  the  lines 
AHB  and  CGD  represents  the  osteoplas- 
tic flap.  The  periosteal  flap  is  now  broken 
back  through  the  limited  portion  of  bone 
still  holding  it  by  means  of  a  chisel  inserted  in  the  saw-section  and  given 
a  slight  tap.  Having  hinged  back  the  bone-flap,  room  has  now  to  be 
provided  for  its  bending  forward  over  the  transversely  divided  tibia 
and  fibula.  This  is  accomplished  by  making  another  transverse  divi- 
sion of  both  bones  at  a  height  above  the  preceding  section  equivalent 
to  the  thickness  of  the  bone-flap  (Fig.  365).  The  completed  bone  sections 
are  shown  in  Fig.  366,  where  the  redundancy  of  periosteum  is  shown, 
furnishing  the  hinge.     The  bone-flap  is  now  dropped  over  the  ends 


Fio.  363. — Amputation*  About  the 
Knee  and  Leo. 
A,  Disarticulation  at  the  knee-joint 
by  an  oblique  incision;  B,  osteoplastic 
amputation  of  the  leg  by  long  posterior 
ana  short  anterior  flap. 
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of  the  bones  and  is  held  in  place  either  by  suturing  its  periosteum  to 
that  of  the  tibia  and  fibula,  or  by  carrying  an  absorbable  suture  through 
a  hole  previously  drilled  through  both  bones,  as  shown  in  Fig.  367. 
Having  united  the  bone-flap  to  the  tibia  and  fibula,  the  larger  posterior 
flap  of  soft  parts  is  brought  over  the  bone-flap  and  sutured  to  the 
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Fig.  364.— Lines  of  Section  or  Bones  in  the  Osteoplastic  Amputation  of  the  Leg. 

Having  completed  the  division  and  retraction  of  the  soft  parts,  the  tibia  and  fibula  are  sawn 
transversely  at  H  and  F;  the  tibia  is  sawn  longitudinally  from  H  to  G.  along  AC  and  BD;  the  fibula 
is  then  sawn  through  completely  at  E,  and  the  tibia  is  divided  at  CD,  nearly  to  but  not  through 
the  periosteum  toward  G;  the  portion  of  the  tibia  between  the  lines  AHB  and  CGD  represents 
.  the  osteoplastic  flap. 

contour  of  the  smaller  anterior  flap,  the  muscle  structures  in  the  two 
flaps  being  supported  by  buried  absorbable  sutures. 

Amputation  through  Middle  Third  of  Leg  (By  Long  Posterior 
and  Short  Anterior  Flaps — Hey's  Operation). — The  covering  is  one  of 
skin-  and  muscle-flaps  furnished  almost  entirely  from  the  posterior 
aspect  of  the  leg.     The  method  is  frequently  termed  simply  a  long 
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Fig.  365. — Removing  Sections  of  Tibia  and  Fibula  to  Enable  the  Tibial  Bone-flap  to  be 

Hinged  ovek  upon  the  Sawn  Fibula. 

A,  A  third  transverse  section  of  both  bones  is  here  made  for  this  purpose,  at  a  height  above  the 

preceding  section  equivalent  to  the  thickness  of  the  Done- flap. 

posterior  flap  operation,  and  differs  but  little  from  Farabeuf's  amputa- 
tion through  the  lower  third  of  the  leg. 

The  position  is  as  in  Guy  on 's  supramalleolar  amputation  (p.  854), 
and  as  given  under  the  incision  below.     The  landmark  is  the  saw-line. 

The  posterior  flap  is  U-shaped,  its  breadth  is  equal  to  half  the 
circumference  of  the  limb  at  the  saw-line,  and  its  length  is  equivalent 
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to  one-half  diameter  of  the  limb  at  that  line.  It  begins  2.5  cm.  (1  inch) 
below  the  saw-line  (instead  of  at  that  line).  The  inner  limb  passes 
vertically  down  the  leg,  just  behind  the  internal  border  of  the  tibia, 
rounding  broadly  into  the  posterior  aspect  of  the  limb,  the  outer  limb 
passing  vertically  downward  just  behind  the  fibula,  posterior  to  the 
peronei  muscles,  and  rounding  broadly  into  the  posterior  aspect  of  the 
leg,  to  unite  with  the  opposite  limb  of  the  incision.    The  anterior  flap 

B 
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Fia.  366. — The  Osteoplastic  Amputation  of  the  Leo. 
The  bone-flap.  AB.  with  its  periosteal  hinge,  K,  is  here  shown  ready  to  be  applied  to  the 
transversely  divided  ends  of  the  tibia  and  fibula,  L,  M.     Owing  to  the  removal  of  the  piece  of  tibia 
and  fibula  accomplished  by  the  last  section  (Fig.  365)  this  hinging  is  made  possible. 

is  about  one-third  the  length  of  the  posterior,  and  is  made  by  joining 
the  vertical  limbs  of  the  posterior  flap  at  their  upper  thirds,  by  a 
transverse  incision,  with  slight  downward  convexity,  across  the  front 
of  the  leg.  In  these  incisions  the  knee  is  flexed  and  the  leg  is  laid  on 
the  outer  side,  while  the  inner  incision  is  being  made  from  above 
downward,  and  vice  vers&  (Fig.  362,  B). 


Fig.  367. — The  Osteoplastic  Amputation  of  the  Leg. 

The  tibial  flap,  with  its  adherent  and  continuous   periosteum,  in  here  shown   applied  to  itself  and 

fibula,  a  suture,  passed  through  drilled  noles,  holding  the  parts  in  contact. 

The  above  incisions  pass  through  the  skin  and  fascia  only.  With 
the  leg  flexed  on  the  thigh  and  the  knee  everted,  the  gastrocnemius  is 
held  up  by  the  thumb  and  first  finger  and  cut  from  without,  on  a  line 
with  the  retracted  skin  and  fascia.  The  upper  parts  of  both  vertical 
incisions  are  now  deepened,  the  inner  to  the  tibia,  the  outer  to  the 
fibula,  behind  the  peronei  muscles.  The  left  thumb  and  index  are 
inserted  into  these  slits  and  the  muscles  drawn  outward.     The  muscles 
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having  been  detached  from  the  bones  and  interosseous  membrane 
above,  a  long  knife  is  passed  between  the  bones  and  separated  muscles 
and  is  made  to  cut  its  way  outward  along  the  line  of  the  retracted  skin. 
The  interosseous  membrane  is  divided  transversely  and  the  perios- 
teum circularly,  and  all  the  soft  parts  retracted  upward  for  the  2.5  cm. 
(1  inch)  between  the  saw-line  and  the  beginning  of  the  flap.     The 

flaps  are  now  retracted,  the  bones 
divided,  and  the  prominent  crest  of 
the  tibia  beveled.  The  anterior 
tibial,  posterior  tibial,  and  peroneal 
arteries  are  ligated.  The  musculo- 
periosteal  coverings  are  sutured 
over  the  ends  of  the  bones.  The 
muscles  are  quilted  with  especial 
care,  owing  to  the  tendency  of 
the  posterior  flap  to  sag  backward. 
The  large  posterior  and  short  ante- 
rior flaps  are  then  sutured  together, 
and  the  stump  supported  upon  a 
posterior  splint. 

Amputation  through  Upper 
Third  of  Leg  (By  Large  External 
Flap — Farabeuf). — The  stump  is 
covered  by  a  large  U-shaped  flap 
of  skin  and  muscles  raised  from 
the  external  aspect  of  the  leg. 

The  patient  lies  in  a  supine  posi- 
tion, with  the  leg  projecting  over 
the  side  of  the  table,  the  knee  flexed, 
and  the  leg  lying  on  the  inner  side 
for  the  incision  of  the  external  flap, 
and  on  the  outer  side  for  the  trans- 
verse incision.  The  surgeon  stands 
to  the  outer  side  of  the  right  and 
the  inner  side  of  the  left  leg.  The 
landmark  is  the  saw-line. 

The  U-shaped  external  flap  is 
equivalent  in  length  to  one  diameter 
of  the  limb  at  the  saw-line;  it  be- 
gins opposite  the  saw-line  anteriorly, 
passes  vertically  downward  parallel 
with  and  just  internal  to  the  an- 
terior border  of  the  tibia,  rounds 
across  the  external  aspect  of  the 
leg,  and  passes  vertically  upward  directly  opposite  the  anterior  incision, 
but  ends  about  4  cm.  (H  inches)  below  the  saw-line.  The  transverse 
incision  passes  transversely  across  the  inner  aspect  of  the  limb,  with 
slight  downward  convexity,  connecting  the  upper  end  of  the  posterior 


Fio.  368. — Amputations  About  the  Leg. 
A,  Through  lower  third  of  leg,  by  oblique 
circular  method;  B,  through  middle  third,  t>y 
modified  circular  method;  C,  through  upper 
third,  by  large  external  flap. 
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incision  with  a  point  on  the  anterior  incision  4  cm.  (1J  inches)  below 
its  beginning.  The  external  flap  may  be  cut  or  outlined  with  one  sweep 
of  the  knife,  but  it  is  better  to  complete  it  in  two  strokes  (Fig.  368,  C). 
Beginning  with  the  external  flap,  the  above  incision  is  deep- 
ened along  the  line  of  the  retracted  skin,  and  the  large  flap  ,of  soft 
parts  to  the  bones  raised.  To  accomplish  this  the  incision  is 
first  deepened  along  the  anterior  limb  by  cutting  down  upon  the 
anterior  border  of  the  tibia  from  above 
downward.  The  tibialis  anticus  is  thus 
freed  from  the  bone.  The  left  fingers 
of  the  operator,  slipped  between  the 
muscles  and  the  bones,  draw  it  out- 
ward, while  the  short  knife  continues 
its  downward  incision,  beveling  obliquely 
the  lower  portion  of  the  muscular  mass 
toward  the  extremity  of  the  flap.  Thus 
the  entire  muscle  mass  is  separated 
from  the  tibia,  interosseous  membrane, 
and  fibula,  by  the  use  of  the  knife, 
fingers,  and  the  elevator.  Care  is  taken 
that  the  anterior  tibial  artery  is  not 
divided  before  the  free  end  of  the  flap 
is  reached,  the  integrity  of  which  so 
largely  depends  upon  this  vessel.  If 
the  parts  are  freed  up  too  high,  especi- 
ally posteriorly,  where  the  vertical  in- 
cision is  shorter  than  the  anterior,  the 
anterior  tibial  artery  may  be  severed 
before  traversing  the  interosseous  mem- 
brane. The  transverse  incision  cross- 
ing the  inner  aspect  of  the  limb  is  now 
deepened  by  cutting  from  without  in- 
ward on  the  line  of  the  retracted  skin  and 
fascia.  The  interosseous  membrane  is 
divided  transversely.  The  periosteum  is 
circularly  divided  around  the  tibia  and 
fibula.  The  periosteum  and  soft  parts 
are  then  freed  up  to  the  saw-line  and  re- 
tracted, while  the  bones  are  divided, 
the  prominent  margin  of  the  tibia  being 

beveled  from  above  downward  and  from  before  backward.  The  fibula 
is  sawed  a  little  higher  than  the  tibia,  and  beveled  from  above  downward 
and  from  without  inward.  The  anterior  tibial,  posterior  tibial,  pero- 
neal, muscular  branches  to  the  gastrocnemius  and  soleus,  and  the 
nutrient  arteries  are  ligated.  All  nerve-trunks  which  are  apt  to  be 
pressed  upon  are  dissected  out.  The  muscles  are  quilted.  The 
margins  of  the  external  flap  are  sutured  to  the  inner  transverse  incision, 
and  the  limb  dressed  upon  a  posterior  splint. 


Fig.  369. — Bier's  Osteoplastic  Am- 
putation of  the  Upper  Third  of 
the  Leo. 

Lines  for  the  incision  of  the  soft 
parts  forming  an  antero-internal  cellulo- 
cutaneous  flap. 
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Osteoplastic  Amputation   through  Upper  Third  of  Leg  (By 

Antero-internal  Flap — Bier's  Method). — An  osteoplastic  flap  is  taken 
from  the  antero-internal  aspect  of  the  tibia,  in  the  upper  third  of  the 
leg,  and  applied  to  the  transversely  divided  tibia  and  fibula. 

The  position  is  the  same  as  for  amputations  through  the  upper  part 
of  the  leg  (p.  860). 

The  landmark  is  the  saw-line,  which  may  be  at  any  height  of  the 
leg,  but  is  usually  in  the  neighborhood  of  the  junction  of  the  upper 
and  middle  thirds  (Fig.  369). 

An  antero-internal  flap  of  skin  and  connective  tissue  is  outlined, 
having  a  base  equal  to  one-half  the  circumference  of  the  limb  at  the 
saw-line,  and  whose  length  is  somewhat  greater  than  the  diameter  at 
that  line.  The  upper  limits  of  this  flap  are  connected  by  a  semicircular 
incision  with  slight  downward  dip  at  its  center  and  passing  posteriorly. 


B 


j 

j?'io.  370. — Bier's  Osteoplartic  Amputation  of  the  Leo. 
A,  Showing  manner  of  raising  an  osseoperiosteal  flap  from  tibia;  B,  showing  bone-flap  brought 
over  sawed  ends  of  tibia  and  fibula,  and  its  periosteal  margins,  sutured  to  the  margins  of  periosteum 
around  tibia  and  fibula.     The  osteoperiosteal  flap  is  here  shown  separated  from  its  sort  parts,  to 
which  it  should  be  adherent.     (Modified  from  Bier.) 

Having  carried  these  incisions  through  the  skin  and  fascia,  the 
large  antero-internal  flap  is  dissected  back  and  turned  upward  upon 
the  limb.  The  periosteum  is  incised  upon  the  subcutaneous  aspect  of 
the  tibia,  transversely  at  the  lower  limit  of  the  flap,  and  vertically 
along  the  borders  of  the  tibia,  sufficiently  to  plan  for  the  formation 
of  the  periosteally  covered  bone-flap.  A  bone-flap,  with  periosteum 
attached,  is  now  raised  from  this  aspect  of  the  tibia  by  means  of  a 
Gigli-Haertel  saw,  calculated  to  cover  the  transversely  divided  tibia 
and  fibula.  The  bone-flap  is  broken  back  at  its  base,  the  periosteum 
maintaining  a  hinge-connection  with  the  upper  part  of  the  bone  (Fig. 
370,  A).  This  bone-flap  is  turned  upward  and  backward,  and  the  limb 
is  amputated  at  the  level  of  the  upper  limit  of  the  limbs  of  the  antero- 
internal  flap  by  a  transverse  incision.  The  vessels  are  secured  and  the 
nerves  and  tendons  cut  short.     Enough  of  the  upper  end  of  the  bone- 
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flap  is  removed  with  a  saw  to  enable  the  intervening  hinge  of  periosteum 
to  bend  over  the  end  of  the  bone  without  too  great  stretching.  Having 
approximated  the  sawn  bone-flap  to  the  sawn  ends  of  the  tibia  and 
fibula,  it  is  held  in  place  by  suturing  the  adjacent  margins  of  the 
periosteum  with  absorbable  sutures,  as  indicated  in  Fig.  370,  B.  The 
skin-flap  is  finally  turned  down  and  sutured  to  the  transversely  divided 
skin  posteriorly.  r 

Disarticulation  at  Knee-joint 
(By  Bilateral  Hooded  Flaps — Stephen 
Smith). — Two  lateral  flaps  of  skin 
and  fascia  are  raised  from  the  outer 
side  of  the  upper  portion  of  the  leg 
by  an  incision  extending  much  higher 
behind  than  in  front.  These  are 
retracted  to  the  articular  line,  where 
the  soft  parts  are  circularly  divided, 
after  which  the  bilateral  hooded  flap 
is  dropped  over  the  disarticulated 
end  of  the  femur,  the  scar  being 
posterior  and  in  the  groove  between 
the  condyles. 

The  patient  is  in  the  supine  posi- 
tion, with  the  limb  over  the  edge 
of  the  table,  held  horizontal  for  skin 
incisions  and  vertical  when  freeing 
back  the  soft  parts.  The  surgeon, 
standing  to  the  outer  side  of  the 
right  and  the  inner  side  of  the  left 
limb,  places  the  left  thumb  upon  the 
anterior  border  of  the  tibia  to  mark 
the  upper  limit  of  the  anterior  in- 
cision, and  his  left  index  opposite 
the  posterior  joint-line  to  mark  the 
upper  limit  of  the  posterior  incision, 
leans  over  the  patient,  and  cuts  from 
behind  forward  on  both  sides,  the 
incisions  meeting  at  the  highest  point 
of  the  anterior  incision.  The  land- 
marks are  the  knee-joint  and  the 
tubercle  of  the  tibia. 

The  highest  point  of  the  posterior  incision  is  opposite  the  joint-line, 
and  the  highest  point  of  the  anterior  incision  is  2.5  cm.  (1  inch)  below 
the  tuberosity  of  the  tibia.  The  surgeon's  left  thumb  marks  the 
anterior  and  the  index  the  posterior  points.  The  incision  begins  pos- 
teriorly in  the  midpopliteal  space,  opposite  the  interarticular  line,  as 
defined  by  the  tip  of  his  left  index,  passes  thence  vertically  down  the 
midposterior  aspect  for  about  5  cm.  (2  inches),  thence  gradually  diverges 
from  the  median  line  as  it  sweeps  downward  and  outward  over  that 


Fig. 


371. — AMPt'TATiONR  About  the  Leo 
and  Thigh. 

A,  Through  upper  third  of  leg,  by  equal 
lateral  flaps;   B,  disarticulation  at  knee,  by 
bilateral    nooded    flaps     (Stephen    Smith's 
;n 


operation);  C,  througl 
by  oval  method. 


(Stephe 
lower  part  of  thigh. 
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side  of  the  limb  further  from  the  surgeon  (and  over  which  he  is  leaning), 
until  about  5  cm.  (2  inches)  below  the  tubercle  of  the  tibia,  cutting  a 
flap  with  convexity  downward;  thence  curves  forward  and  slightly 
upward  to  a  point  in  the  median  line  2.5  cm.  (1  inch)  below  the  tibial 
tubercle,  thus  ending  the  outline  of  the  further  flap.  The  knife  again 
enters  posteriorly  at  the  same  point,  and  makes  a  similar  incision  upon 
that  side  of  the  limb  nearer  the  operator,  calculating  that  the  internal 


Fio.  372. — Transverse  Section  throvch  the  Lower  Third  ok  the  Right  Thigh. 
A,  Vastus  ex  tern  us;  B,  D,  biceps;  C,  great  sciatic  nerve  and  vessels;  E,  semi  ten  dinosus;  F, 
rectus:  G,  I,  vastus  internus;  H,  crureus;  J,  femoral  vessels  and  long  saphenous  nerve;  K,  sartorius; 
L,  adductor  magnus;  M,  semimembranosus;  N,  gracilis.    (Cross-section  modified  from  Braune.) 


flap  is  slightly  larger  to  cover  the  larger  internal  femoral  condyle,  and 
meeting  the  first  incision  at  the  median  line  in  front.  The  limb  is 
rotated  outward  while  the  inner  incision  is  being  made,  and  vice  vers&. 
The  knee  is  extended  throughout  (Fig.  371,  B). 

The  skin  and  fascia  are  now  freed  all  around  and  dissected  up  from 
the  muscles  and  tendons.  The  ligamentum  patellae  is  cut  transversely 
against  the  tuberosity  of  the  tibia  as  soon  as  reached.     The  skin-and- 
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fascia  flaps  are  retracted  up  to  the  joint-line.  Incise  transversely 
the  structures  along  the  upper  margin  of  the  tibia,  on  the  anterior 
and  lateral  aspects,  iliotibial  band,  tendons  of  sartorius,  gracilis,  semi- 
tendinosus,  biceps,  and  the  lateral  ligaments,  and,  lastly,  cut  the  coro- 
nary ligaments  binding  down  the  semilunar  cartilages,  attacking  them 
upon  the  sides  of  the  joint,  entering  the  joint  between  the  head  of  the 
tibia  and  the  semilunar  cartilages,  thus  leaving  these  cartilages  in  the 
stump,  and  completing  their  separation  by  flexing  the  knee.  Flex 
the  knee  and  cut  the  crucial  ligaments.  Extend  the  knee  and  divide 
transversely,  with  one  sweep  of  a  long  knife,  all  the  soft  parts  opposite 
the  posterior  aspect  of  the  joint — the  gastrocnemius,  popliteus,  ham- 
string tendons,  popliteal  vessels  and  nerves,  and  posterior  ligament. 
Ligate  the  popliteal  artery  and  vein,  sural,  superior  articular,  and 
anastomotica  magna  branches.  Suture  the  lateral  flaps  in  a  vertical 
line,  the  scar  being  eventually  drawn  into  the  intercondyloid  notch. 
Drain  temporarily  through  the  upper  end  of  the  posterior  incision. 

Amputation  Just  above  Condyles  of  Femur,  with  Splitting 
of  Patella  (By  Longer  Anterior  and  Shorter  Posterior  Flaps — Gritti- 
Stokes'  Supracondyloid  Osteoplastic  Amputation). — Gritti's  operation 
consists  in  the  division  of  the  femoral  condyles  at  the  level  of  their 
adductor  magnus  tubercle;  the  removal  of  the  articular  surface  from 
the  patella;  the  application  of  the  sawed  patella  into  contact  with  the 
sawed  femur;  and  the  covering  of  the  stump  with  a  long  rectangular 
anterior  flap.  Stokes*  modification  consists  in  dividing  the  femur 
2  to  2.5  cm.  (}  to  1  inch)  above  the  adductor  tubercle  (where  the 
transverse  section  of  the  femur  more  nearly  corresponds  with  the  size 
of  the  split  patella),  the  stump  being  then  covered  by  an  anterior 
longer,  and  posterior  shorter,  flap,  the  object  being,  in  the  latter  case, 
to  approximate  bone  sections  of  nearer  similar  size,  and  to  bring  them 
into  contact  with  lesser  tension. 

The  patient  rests  upon  the  back,  drawn  down  upon  the  table  so 
that  the  buttocks  are  near  or  on  the  edge  of  the  table.  The  surgeon  is 
upon  the  outer  side  of  the  right  and  inner  side  of  left  limb.  One 
assistant  steadies  and  supports  the  part  below  the  site  of  operation, 
and  another  holds  the  limb,  or  retracts  the  parts,  above  the  site  of 
amputation.  The  landmarks  are  the  adductor  magnus  tubercle, 
knee-joint,  and  tubercle  of  the  tibia. 

The  anterior  longer  flap  begins  2.5  cm.  (1  inch)  directly  above  the 
prominence  of  one  condyle,  and  ends  the  same  distance  directly  above 
the  prominence  of  the  opposite  condyle,  crossing  the  front  of  the  knee 
with  a  broad  curve  just  below  the  tubercle  of  the  tibia.  The  posterior 
shorter  flap  passes,  in  a  broad  curve,  between  the  points  of  beginning 
and  ending  of  the  anterior  flap,  being  one-third  the  length  of  the 
anterior  flap  (Fig.  373,  B). 

These  flaps,  having  been  outlined  through  skin  and  fascia,  are  now 

dissected  upward.    The  skin  and  fascia  of  the  anterior  flap  are  raised 

from  its  lower  edge  until  the  ligamentum  patella1  is  reached,  which  is 

cut  transversely,  and  the  flap  further  freed  and  turned  up,  with  the 
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patella  in  it.  The  posterior  flap  of  skin  and  fascia  is  then  freed  upward 
from  the  muscle  structures.  These  flaps  are  now  retracted  to  the 
saw-line  (2  to  2.5  cm.,  or  £  to  1  inch,  above  the  adductor  magnus 
tubercle)  and  all  the  soft  parts,  including  periosteum,  circularly  divided 

^  to  the  bone,  after  which  the  bone  is 
sawed — the  main  vessels  may  be 
now  tied  before  the  section  of  the 
patella,  which  is  the  most  difficult 
part  of  the  operation,  is  done. 
These  vessels  are  the  popliteal, 
muscular,  articular,  anastomotica 
magna.  The  patella  is  grasped 
firmly  by  lion-jaw  forceps  and 
held  in  such  a  way  as  to  present 
its  articular  surface  horizontally. 
A  section  of  the  bone  is  made  in 
such  a  manner  as  to  remove  the 
articular  surface  of  the  patella. 
This  is  best  accomplished  by  a 
narrow,  thin  saw.  It  may  also 
be  done  with  a  broad  chisel,  and, 
less  satisfactorily,  with  cutting 
pliers.  The  cut  surface  of  the 
patella  is  then  approximated  to 
the  sawed  end  of  the  femur.  It 
may  be  held  in  place  by  inserting 
two  or  three  ivory  or  steel  pegs 
through  previously  drilled  holes  in 
the  patella,  or  by  wire  or  kangaroo 
tendon  suturing  through  drill-holes 
near  the  margins  of  the  patella 
and  femur,  or  by  closely  suturing 
the  fibrous  parts  about  the  patella 
to  the  fibrous  or  periosteal  parts 
about  the  lower  end  of  the  femur. 
The  anterior  and  posterior  flaps 
are  then  sutured  together.  Firm 
pressure  is  used  against  the  stump, 
in  the  dressing,  to  aid  in  steady- 
ing the  patella  against  the  femur. 
Femorotibial  Osteoplastic  Amputation  of  the  Lower  Limb 
(By  Longer  Anterior  and  Shorter  Posterior  FJaps — Ssabanajeff's 
Operation). — The  limbs  are  amputated  through  the  condyles  of  the 
femur.  To  this  sawn  surface  a  bone-flap,  with  adherent  soft  parts, 
is  applied.  The  osteoplastic  flap  is  derived  from  the  upper  anterior 
aspect  of  the  tibia. 

The  position  is  the  same  as  for  disarticulation  at   the  knee-joint 
(p.  865).     The  landmarks  are  the  head  of  the  fibula,  the  internal 


Fig.  373. — Amputation*  About  Knee  and 
Thigh. 
A,  Lister's  modification  of  Carden's  trans- 
condyloid  amputation  of  thigh;  A',  division  of 
femur  in  Lister's  operation,  on  level  with  ad- 
ductor tubercle;  B,  Gritti-Stokes'  supracondy- 
loid  amputation  of  thigh,  with  dotted  lines,  B' 
and  B",  showing  division  of  femur  above  level 
of  adductor  tubercle,  and  splitting  of  patella; 
C,  through  lower  part  of  thigh,  by  long  anterior 
and  short  posterior  flaps. 


SPECIAL    AMPUTATIONS. 


867 


lateral  ligament,  the  tubercle  of  the  tibia,  the  tibiofibular  articulation, 
and  knee-joint. 

The  vertical  limbs  of  the  anterior  flap  pass  down  the  midlateral 
aspects  of  the  leg,  from  the  head  of  the  fibula  on  one  side,  and  the 
internal  lateral  ligament,  on  the  other,  to  near  the  junction  of  the 
middle  and  upper  thirds  of  the  leg,  where  they  round  out  and  meet  in 
the  anterior  aspect  of  the  part.  The  posterior  flap  is  similar  in  form 
and  about  half  the  length  of  the  anterior  (Fig.  374). 

Having  outlined  both  flaps  through  skin  and  fascia,  the  posterior 
flap  of  skin  and  fascia  alone  is  dissected  up  to  the  articulations  between 
tibia  and  fibula,  and  between  tibia  and  femur.     The  knee-joint  and  the 


Fia.  374.— Ssabanajeff'b  Femorotibial 
Osteoplastic  Amputation  of  the 
Lower  Limb. 

Lines  of  incision  of  thesoft  parts*  out- 
lining long  anterior  and  short  posterior 
flaps. 


Fig.  375. — Ssabanajeff'b  Femorotibial  Osteo- 
plastic Amputation  of  the  Lower  Limb. 
Lines  of  bone-sections:  A,  Portion  of  femoral 
condyles  removed;  B,  rectangular  piece  of  tibia, 
with  attached  patellar  tendon,  removed  from 
tibia.     (Modified  from  Ssabanajeff.) 


tibiofibular  joint  are  now  opened  from  behind.  Divide  the  lateral, 
posterior,  and  crucial  ligaments,  after  having  severed  the  overlying 
soft  structures.  The  leg  is  now  bent  forward,  so  that  the  anterior 
surface  of  leg  and  thigh  lie  in  contact,  thus  exposing  the  ends  of  the 
bones  for  sawing.  The  lower  end  of  the  femur  is  divided  transversely 
through  the  expansion  of  the  condyles  (Fig.  375,  A).  Finally,  a  bone- 
flap  is  made  from  the  upper  and  anterior  aspect  of  the  tibia,  as  indicated 
in  Fig.  375,  B,  with  the  attachment  of  the  ligamentum  patellae  preserved, 
the  saw  traveling  first  down  the  long  axis  of  the  tibia  to  below  the 
attachment  of  the  patellar  ligament,  thence  transversely  outward  to 
its  anterior  surface.  The  sawed  surface  of  the  tibial  bone-flap  is  then 
applied  to  the  transversely  sawn  femoral  condyles,  the  patellar  liga- 
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ment  hinging  around  the  anterior  end  of  the  bone  section.  The  femoral 
condyles  and  the  tibial  bone-flaps  may  be  drilled  and  sutured  with 
kangaroo  tendon,  as  indicated  in  Fig.  376,  or  the  bony  surfaces  may 
be  held  in  contact  simply  by  the  peripheral  suturing  of  the  soft  parts. 
The  longer  anterior  flap  is  now  carried  backward  and  sutured  to  the 
posterior  flap  by  deep  and  superficial  sutures. 

Amputation  through  Lower  Third  of  Thigh  (By  Oblique  Cir- 
cular Method). — Owing  to  greater  retraction  upon  the  posterior  and 
inner  aspects  of  the  thigh,  and  in  order,  therefore,  that  the  incision 
may  eventually  occupy  the  same  height  around  the  entire  circumference 
of  the  limb,  the  circular  incision  is  placed  obliquely,  so  that  it  is  lowest 
where  the  muscular  retraction  is  greatest,  namely,  at  the  postero- 
internal aspect  of  the  thigh. 

The  position  is  as  in  the  supracondyloid  amputation.  The  land- 
mark is  the  saw-line. 


Fig.  376. — Smabanajefk'b    Femorotibial  Osteoplastic  Amputation    of  the    Lower    Limb. 
The  rectangular  portion  of  the  excised  tibia,  with  its  attached  tendon,  is  here  shown  held 
in  contact  with  the  sawn  femoral  condyles  by  a  kangaroo  tendon  or  wire  suture  passed  through 
the  drilled  bone.     (Modified  from  Ssabauajeff.) 

The  highest  part  of  the  circular  incision  is  antero-external,  and  is 
a  little  more  than  half  the  diameter  of  the  limb  (at  the  saw-line)  below 
the  bone  section.  The  lowest  part  of  the  circular  incision  is  postero- 
internal, and  is  little  less  than  one  diameter  of  the  limb  (at  the  saw-line) 
below  the  bone-section,  the  two  calculations  of  covering  thus  providing 
one  and  one-half  diameters  of  covering  in  the  aggregate.  Such  an 
incision  is  hard  to  follow  unless  previously  marked  (Fig.  378,  A). 

The  above  incision  through  the  skin  and  fascia  is  made  with  two 
strokes  of  a  long  knife,  the  limb  being  conveniently  rotated  during 
the  manceuver.  The  skin  and  fascia  are  then  obliquely  retracted  a 
short  way,  parallel  with  the  original  incision,  and  the  more  superficial 
muscles  circularly  or  slightly  obliquely  divided.  These  are  further 
retracted  and  the  deeper  muscles  circularly  or  slightly  obliquely  divided 
to,  and  including,  the  periosteum,  to  the  bone,  cutting  each  time 
parallel  with  the  skin  incision.  The  skin,  muscles,  and  periosteum  are 
freed  up  to  just  above  the  joint-line,  and  retracted,  as  in  the  ordinary 
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infundibuliform  circular  amputation,  and  the  bone  sawed.  The 
femoral,  anastomotica  magna,  descending  branches  of  the  external 
circumflex,  perforating,  and  muscular  branches  will  be  cut  and  require 
ligation.  The  muscles  are  quilted  in  two  tiers.  The  skin  is  sutured  so 
as  to  make  an  anteroposterior  scar. 

Amputation  through  Lower,  Middle,  or  Upper  Third  of  Thigh 
(By  Long  Anterior  and  Short  Posterior  Flaps). — Two  U-shaped  flaps 
of   skin  and  muscle  are  raised,  anteriorly  and  posteriorly,  the  latter 


Fig.  377. — Transverse  Section  through  the  Upper  Third  of  the  Left  Thigh. 
P.  Adductor  longus;  A,  gracilis;  B,  obturator  nerve  and  vessels;  C,  deep  femoral  vessels;  D, 
adductor  magnus;  K,  semimembranosus;   V,  (J,  semitendinosus;  H,  biceps;   I,  sartorius;  J,  rectus: 
K,  superficial  femoral  artery,  vein,  and  saphenous  nerve;  L,  vastus  in  tern  us;  M,  crureus;  N,  vastus 
ex  tern  us;  O,  gluteus  maximus.     (Cross-section  modified  from  Brauue.) 

being  one-fourth  the  length  of  the  anterior  and  a  little  narrower  at 
the  base.     The  position  and  landmarks  are  as  in  the  last  operation. 

The  anterior  flap  is  equal,  in  length,  to  one  and  one-half  diameters 
of  the  thigh  at  the  saw-line,  and,  in  width,  a  little  more  than  one-half 
the  circumference.  It  begins,  on  the  right  side,  with  the  thigh 
rotated  outward,  opposite  the  saw-line,  at  about  the  middle  of  its  inner 
aspect,  or  a  fraction  behind,  passes  vertically  down  the  inner  side  of 
the  thigh,  rounds  broadly  across  the  anterior  surface,  at  a  distance  below 
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the  saw-line  equal  to  one  and  one-half  diameters,  and  into  the  outer 
aspect,  and  passes  vertically  upward  (the  thigh  now  rotated  inward) 
to  a  corresponding  point  on  the  opposite  side.  The  posterior  flap  begins 
and  ends  at  the  upper  limits  of  the  anterior  flap,  rounding  across  the 

^  posterior  surface  at  a  distance 
below  the  saw-line  equal  to  a 
half  diameter,  the  surgeon's 
hand  passing  beneath  the 
thigh.  In  the  above  calcu- 
lations extra  length  is  al- 
lowed, because  of  the  extra 
retraction  (Fig.  373,  C). 

The  tissues  outlined  in 
the  anterior  flap  are  now 
picked  up  by  the  surgeon's 
left  hand,  and,  along  the  line 
of  the  retracted  flap,  the  mus- 
cles are  divided  obliquely 
from  without  inward  and 
upward,  so  beveling  the  flap 
that  its  extremity  will  consist 
of  skin  and  fascia  alone. 
The  muscle  tissue  will  begin 
to  enter  into  the  formation 
of  the  flap  just  above  the 
extremity,  and  increase  in 
thickness  to  the  bone,  into 
contact  with  which  the  inci- 
sion will  come  at  about  one- 
half  to  three-quarters  of  the 
diameter  of  the  femur  below 
the  saw-line,  at  which  level 
the  whole  thickness  of  the 
muscle  will  be  represented. 
The  thigh  is  then  elevated, 
and  the  posterior  flap  simi- 
larly cut,  being  obliquely 
beveled  from  without  inward 
and  from  below  upward,  leav- 
ing skin  and  fascia  at  the 
lower  end  of  the  flap,  and 
full  thickness  of  the  muscles 
at  the  upper  end,  where 
the  bone  is  reached,  the 
same  distance  below  the 
saw-line  as  in  the  anterior  flap.  At  the  level  at  which  the  bone  has 
been  reached  in  the  upward  cutting  of  the  flaps  a  circular  sweep  of  the 
knife  around  the  femur  frees  the  periosteum.     The  soft  parts,  including 


Fig.  378. — Amputations  About  Thigh  and  Hip-joint. 
A,  Through  lower  part  of  thigh,  by  oblique  circu- 
lar method;  B,  disarticulation  at  hip-joint,  by  anterior 
racket. 
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the  periosteum,  are  then  freed  upward  to  just  above  the  saw-line 
(which  is  everywhere  easily  accomplished,  except  at  the  linea  aspera 
posteriorly),  and  the  bone  sawed.  If  the  flaps  have  been  made  above 
the  middle  of  the  thigh,  the  femoral,  profunda,  descending  branches 


Fio.  379. — Amputations  About  Thigh  and  at  Hip-joint. 

A,  Through  middle  of  thigh,  by  equal  anterior  and  posterior  flaps;  B,  disarticulation  at  hip-joint 

by  external  racket  method;  C,  at  hip-joint,  by  long  anterior  and  short  posterior  flaps. 

of  the  external  circumflex,  and  the  muscular  branches  will  be  cut  in 
the  anterior  flap,  and  branches  of  the  perforating  arteries  in  the  pos- 
terior flap.  If  the  flaps  have  been  made  below  the  middle  of  the  thigh, 
the  descending  branches  of  the   external   circumflex   and   muscular 
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branches  will  be  cut  in  the  anterior  flap,  and  the  femoral,  anastomotica 
magna,  and  branches  of  the  perforating  in  the  posterior  flap.  Suture 
the  musculoperiosteal  covering  over  the  end  of  the  bone.  Quilt  the 
muscles  of  the  flaps  in  at  least  two  tiers,  with  buried  chromic  gut  sutures. 
The  anterior  flap  will  drop  over  the  end  of  the  bone  and  be  sutured  to 
the  posterior  flap.  The  flaps  are  well  supported  by  the  pressure  of  the 
dressing,  in  which  a  posterior  splint  has  been  included,  and  the  limb 
placed  upon  an  inclined  plane. 

Disarticulation  at  Hip- joint  (#//  Wjjeth's  Method).— Having 
controlled  hemorrhage  by  means  of  rubber  tubing  wound  around  the 
thigh  at  its  junction  with  the  pelvis,  above  two  large  pins  introduced 
in  a  special  manner,  a  circular  incision  is  made  around  the  thigh, 


Fig.  W). — Manner  of  Inserting  the  Wyetii  Pins. 
The  outer  pin. 


followed  by  a  vertical  external  incision,  and  disarticulation  at  the 
hip-joint  accomplished. 

The  patient  lies  in  the  supine  position,  drawn  to  the  foot  of  the 
table  until  the  sacrum  rests  upon  the  corner,  with  the  hip  projecting 
beyond,  and  kept  from  slipping  from  the  table  by  being  steadily  held. 
The  surgeon  generally  stands  upon  the  outer  side  of  both  thighs, 
although  it  is  more  convenient  to  be  upon  the  inner  side  of  the  left 
limb.  An  assistant  holds  and  manipulates  the  limb  projecting  over 
the  table.  Another  assistant  steadies  the  pelvis  and  guards  the 
method  of  hemorrhage  control. 

The  manner  of  applying  the  Wyeth  needles  is  as  follows:  Two 
steel  needles,  from  3  to  5  mm.  (r2^  to  -$«-  inch)  in  diameter  and  25  cm. 
(10  inches)  in  length,  are  inserted  and  capped  with  corks  (to  prevent  their 
points  from  injuring  the  operator  and  assistants).     The  outer  needle 
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enters  the  tissues  of  the  outer  aspect  of  the  thigh,  6  mm.  ({  inch)  below 
and  just  to  the  inner  side  of  the  anterior  superior  iliac  spine,  traverses 
the  superficial  muscles  and  fascia  upon  the  outer  side  of  the  hip,  and 


Fi<;.  381. — Manner  of  Inserting  the  Wyeth  Pins. 

The  inner  pin.     After  both  pins  have  been  inserted,  the  rubber  tubing  is  applies  above  them,  as 

shown  in  their  use  at  the  shoulder-joint  (Fig.  347,  p.  828). 

emerges  on  a  level  with  and  about  7.5  cm.  (3  inches)  external  to  the 
entrance  (Fig.  380).     The  inner  needle  enters  the  tissues  of  the  inner 


Fio.  382. — Manner  of  Umng  Trendelenburg'**  Rod  for  the  Control  of  Hemorrhage   in 
Amputations  near  the  Hip-joint. 
The  rod  is  thrust  through  the  limb  beneath  the  femoral  vessels,  which  are  then  constricted 
by  a  rubber  band  wound  in  figure-of-eight  fashion  about  the  rod.     (Cross-section  adapted  from 
liraune.) 


aspect  of  the  thigh  internal  to  the  saphenous  opening,  and  about 
1.3  cm.  (A  inch)  below  the  crotch,  traverses  the  adductors,  and  emerges 
2.5  cm.  (1  inch)  below  the  tuberosity  of  the  ischium  (Fig.  381).     White 
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rubber  tubing  about  7  mm.  (J  inch)  in  diameter  is  wound  tightly  four 
or  five  times  around  the  thigh  above  the  fixation  needles,  and  clamped. 
This  rubber  band  compresses  the  common  femoral  against  the  rim  of  the 

i  pelvis,  anteriorly,  and  the  glu- 
teal, sciatic,  and  internal  pudic 
against  the  margin  of  the  great 
sacrosciatic  notch  posteriorly. 

The  landmarks  are  the 
great  trochanter  and  the  points 
for  the  passage  for  the  needles. 
A  circular  incision  is  made 
around  the  thigh,  about  15.3 
cm.  (6  inches)  below  the  center 
of  the  anterior  aspect  of  the 
rubber  tourniquet.  The  verti- 
cal incision  passes  vertically 
down  the  external  aspect  of  the 
thigh,  directly  over  the  great 
trochanter,  passing  in  a  straight 
line  from  the  tourniquet  to  the 
circular  incision  (Fig.  383,  B). 

The  circular  incision  passes 
through  the  skin  and  fascia 
alone.  These  are  dissected  up 
to  the  level  of  the  lesser  tro- 
chanter, that  is,  for  about  5  cm. 
(2  inches).  At  this  level  the 
muscles  are  circularly  divided 
to  the  bone,  on  a  line  with  the 
retracted  skin  and  fascia.  The 
vertical  incision  is  now  made 
from  the  tourniquet  down  to 
the  circular  division,  passing 
directly  over  the  great  trochan- 
ter. The  larger  vessels  are  at 
once  tied,  the  femoral  and  pro- 
funda arteries  and  veins,  and 
any  other  prominent  vessel. 
Through  the  vertical  incision, 
which  has  extended,  at  one 
sweep,  directly  through  the 
skin,  fascia,  muscles,  and  peri- 
osteum to  the  bone,  the  soft 
parts  are  all  cleared,  as  sub- 
periosteally  as  possible,  from  the  shaft  and  tuberosities  of  the  femur. 
Retract  the  soft  parts  and  divide  the  capsular  ligament  transversely 
over  its  outer  aspect.  Manipulate  the  limb  as  a  lever,  nicking  the 
cotyloid  ligament  to  let  in  air;  cut  the  ligamentum  teres  and  disarticu- 


Fig.  383. — Amputations  through  Thigh  and  at 
Hip- joint. 
A,  Through   lower  part  of  thi&h    by  modified 
circular  method;   B,  disarticulation  at  hip-joint  by 
Wyeth's  method. 
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late  by  thrusting  the  head  of  the  femur  upward  and  outward.  If  not 
already  severed,  divide  the  posterior  aspect  of  the  capsule,  and  any 
retaining  structures,  and  remove  the  limb.  If  enucleation  be  difficult, 
which  rarely  is  the  case  in  this  extensive  exposure,  the  margin  of  the 
acetabulum  can  be  chipped  away  with  a  chisel  sufficiently  to  let  in  air, 
or,  if  all  the  vessels  be  ligated,  the  tourniquet  may  be  removed  carefully 
and  slowly  and  the  disarticulation  be  completed.  The  remaining 
vessels  in  the  posterior  aspect  of  the  wound  are  now  ligated;  these 
are  chiefly  the  branches  of  the  sciatic,  obturator,  external  and  internal 
circumflex,  and  perforating.  Having  trimmed  away  all  tags  of  tissue, 
the  heavy  muscles  are  to  be  quilted  together  with  especial  care,  by 
means  of  two  or  three  tiers  of  chromic  gut  sutures.  Drainage  is  to  be 
established.  The  margins  of  the  wound  are  to  be  united  in  one  con- 
tinuous termino-external  suture-line.  Firm  compression  is  made  in 
dressing  the  wound,  and  the  stump  is  supported  upon  a  pillow. 

By  Anterior  Racket  Method. — The  queue  of  the  racket  or  oval  is 
placed  anteriorly,  the  limbs  of  the  oval  encircling  the  external,  internal, 
and  posterior  surfaces.  No  tourniquet  is  used.  The  femoral  is  ligated 
during  operation,  and  the  remaining  vessels  as  encountered. 

The  control  of  hemorrhage  is  as  follows:  utilizing  the  queue  of  the 
incision,  the  common  femoral  artery  and  vein  are  exposed  and  ligated 
during  the  progress  of  the  operation.  Other  vessels  are  secured  as 
exposed. 

The  patient  is  supine,  lying  at  the  end  of  the  table,  so  that  the 
pelvis  rests  upon  the  edge  of  the  table  and  the  hips  project  beyond. 
The  limb  is  slightly  abducted  and  rotated  outward.  The  surgeon 
usually  stands  upon  the  outer  side  of  both  thighs.  An  assistant  holds 
and  manipulates  the  limb. 

The  landmarks  are  the  center  of  Poupart's  ligament  and  the  course 
of  the  femoral  artery. 

The  queue  of  the  incision  begins  at  the  center  of  Poupart's  ligament, 
passes  down  along  the  femoral  artery  for  about  7.5  cm.  (3  inches), 
thence  curves  inward  and  crosses  the  inner  aspect  of  the  thigh,  about 
10  cm.  (4  inches)  below  the  genitocrural  fold,  continues  across  the 
posterior  aspect  of  the  thigh,  crosses  the  outer  side  of  the  limb  a  short 
distance  below  the  base  of  the  great  trochanter,  and  then  ascends 
upward  and  inward  obliquely  across  the  anterior  aspect  to  join  the 
vertical  incision  about  5  cm.  (2  inches)  below  its  commencement  at 
Poupart's  ligament  (Fig.  378,  B). 

This  incision  passes  well  through  the  skin  and  fascia  only,  which  are 
allowed  fully  to  retract,  and  is  made  with  several  sweeps  of  the  knife, 
while  the  limb  is  manipulated  as  indicated.  Through  the  vertical 
portion  of  the  racket  incision  the  common  femoral  artery  and  vein  are 
early  exposed,  and  each  ligated  in  two  places  and  severed  between  the 
ligatures.  The  skin  and  fascia  are  fully  freed  around  the  entire  incision 
without  any  special  dissection.  The  muscles  on  the  outer  side  (sar- 
torius,  rectus,  and  tensor  vaginae  femoris)  are  divided  and  the  external 
circumflex   artery   doubly   ligated   and   severed.     Passing  backward, 
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rotate  the  thigh  inward  and  cut  the  insertion  of  the  gluteus  maximus. 
Passing  forward,  rotate  the  thigh  outward  and  cut  the  psoas,  and 
retract  the  parts  and  doubly  ligate  and  divide  the  internal  circum- 
flex arteiy.  Divide  the  muscles  of  the  internal  flap  on  a  level  with 
the  retracted  skin  (pectineus,  gracilis,  and  adductors),  ligating  the 
muscular  branches.  Adduct  and  rotate  the  thigh  inward,  severing 
the  muscles  attached  to  the  great  trochanter.  Adduct  and  rotate 
the  thigh  outward,  cut  the  capsule  transversely,  disarticulate,  sever 
the  round  ligament  and  the  obturator  externus  tendon,  if  still  undivided. 
The  head  of  the  bone  is  now  drawn  forward  and  outward,  a  long  knife 


Fir..  384. — Thomas'  Forceps  Toirniquet  for  Controlling  Hemorrhage  During  Operations 

Upon  the  Extremities. 
The  probe-pointed  blade  passes  under  the  femoral  vessels,  and  the  serrated  blade  over  these 
structures,  the  former  coming  out  through  a  previously  cut    exit,    after  which    the  blades  are 
clamped. 

is  carried  behind  the  bone,  passing  downward  and  backward  and 
dividing  the  remaining  part  at  the  posterior  aspect  on  a  level  with 
the  retracted  skin  (hamstrings,  parts  of  the  adductors  and  sciatic 
nerve),  ligating  the  perforating  and  muscular  branches.  The  muscles 
are  quilted  in  two  or  three  tiers,  after  having  severed  all  tags  of  tissue 
and  instituted  drainage.  The  margins  of  the  skin  are  sutured  in  a 
single  vertical  line.  The  stump  is  dressed  as  in  the  preceding  opera- 
tions. 

Interilio-abdominal   Amputation  (Bt/ an  Internal  Flap— Keen's 
Method,  Fig.  385). — This  operation  consists  in  the  removal  of  the  entire 
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lower  extremity,  with  part  or  all  of  the  innominate  bone.  It  is  indicated 
in  extensive  growths  in  the  region  of  the  hip-joint. 

The  patient  is  supine,  with  the  hip-joint  projecting  over  the  end 
of  the  table,  during  the  outlining  and  making  of  the  internal  flap, 
and  is  then  turned  toward  the  opposite  during  the  exposure  of  the 
iliac  portion  of  the  wound.  The  landmarks  are  the  spine  of  the  pubis, 
Poupart's  ligament,  the  crest  of  the  ilium,  and  the  posterior  superior 
iliac  spine. 

The  iliac  incision  extends  from  the  spine  of  the  pubis,  2  cm.  (|  inch) 
above  and  parallel  with  Poupart's  ligament  and  the  crest  of  the  ilium, 
to  about  the  middle  of  this  crest.  Subsequently,  after  ligating  the 
internal  iliac  artery,  this  incision  is  continued  around  nearly  to  the 


A  B 

Fig.  385. — Interilio-abdominal  Amputation  (Keen's  Method). 
A,  Rear  view;  B,  front  view.     (Kocher.) 

posterior  superior  iliac  spine.  The  thigh  incision  begins  just  external 
to  the  middle  of  Poupart's  ligament,  and  passes  downward  to  a  point 
a  little  below  the  middle  of  the  thigh,  then  horizontally  to  the  median 
line  of  the  thigh  posteriorly,  and  then  upward  to  the  posterior  end  of 
the  first  incision,  i.  e.,  slightly  external  to  the  posterior  superior  iliac 
spine. 

Having  divided  the  skin,  fascia,  and  muscles  in  the  incision  extending 
from  the  pubic  spine,  just  above  and  parallel  with  Poupart's  ligament 
and  the  iliac  crest  to  about  its  middle,  the  internal  iliac  artery  is  exposed 
extraperitoneally.  The  long  internal  flap  is  now  made.  The  incision 
is  made  just  external  to  the  center  of  Poupart's  ligament,  in  order  to 
preserve   the   femoral    vessels,    passing   thence   vertically    down    the 
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anterior  aspect  of  the  thigh  to  just  below  its  middle,  where  it  rounds 
horizontally  outward  to  the  midposterior  aspect,  and  thence  vertically 
upward  to  the  posterior  end  of  the  horizontal  incision.  Having  outlined 
this  incision  through  skin  and  fascia,  it  is  deepened  to  the  bone.  At 
the  transversely  divided  muscles  the  femoral  vessels  are  tied.  This 
long  internal  flap,  when  turned  upward  and  outward,  will  form  the  outer 
wall  of  the  pelvis,  and  will  be  the  barrier  against  intestinal  hernia. 
The  division  of  the  muscles  inserted  into  the  crest  of  the  ilium  is  now 
accomplished,  having  continued  the  first  part  of  the  iliac  incision  nearly 
to  the  posterior  superior  iliac  spine,  all  the  muscles  of  the  anterior, 
lateral,  and  posterior  abdominal  wall  lying  beneath  this  incision  are 
divided  down  to  the  peritoneum,  the  opening  of  which  is  carefully 
avoided.  The  psoas  magnus  and  iliacus  internus  are  now  separated 
from  the  internal  aspect  of  the  ilium,  to  be  left  with  the  trunk.  If 
they  be  involved  in  the  tumor  mass,  they  are  to  be  sacrificed.  Next 
follows  the  removal  of  the  bone;  the  horizontal  and  descending  rami  of 
the  pubic  bone  are  divided,  instead  of  disarticulated,  at  the  symphysis. 
The  attachment  of  the  rectus  abdominis  is  thus  preserved,  and  con- 
sequently the  firmness  of  support 
given  thereby  to  the  abdominal 
viscera.  In  order  to  preserve  the 
sexual  power  in  the  male,  the  de- 
scending pubic  ramus  should  be 
divided  below  the  attachment  of  the 
corpus  cavern osum  of  that  side. 
Much  time,  difficulty,  and  hemor- 
rhage are  also  saved  in  thus  avoid- 
ing the  separation  of  the  rectus  muscle 
and  corpus  cavernosum  and  the  dis- 
articulation at  the  symphysis  pubis. 
The  ilium  is  now  divided  poste- 
riorly by  sawing  from  the  crest  of 
the  ilium,  near  its  junction  with 
the  sacrum,  down  into  the  sacro- 
sciatic  notch.  This  avoids  the  diffi- 
culty and  time  involved  in  disarticu- 
lating at  the  sacro-iliac  joint.  If  in- 
dicated, however,  the  small  remaining 
portion  of  the  ilium  thus  left  attached  could  be  removed  after  the 
removal  of  the  main  portion  of  bone,  and  this  would  also  apply  to  the 
small  part  of  the  pubic  bone  at  first  left.  The  entire  lower  extremity 
now  comes  away  with  the  detached  ilium  and  the  disarticulated  hip- 
joint.  The  long  internal  flap  is  now  brought  upward  and  sutured  so 
that  its  transversely  divided  end  is  applied  to  the  iliac  incision.  The 
muscles  are  approximated  by  buried  sutures,  drainage  is  provided,  and 
the  skin  closed.  Pressure  is  made  in  the  voluminous  dressings,  so  as 
to  sustain  the  weight  of  the  heavy  flap  and  exercise  a  supporting  influ- 
ence against  the  weakened  pelvic  wall. 


Fig.  386. — Interilio-abdominal  Amputa- 
tion.    (Keen's  Case.) 
The  shaded  portion  of  the  bone  was    re- 
moved. 
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The  reconstruction  of  the  contour  of  the  body  for  cosmetic  reasons, 
the  readjustment  of  anomalous  relations  of  parts  for  utilitarian 
purposes,  the  substitution  of  one  tissue  or  organ  for  another  to  gain 
physiologic  efficiency  and  the  temporary  removal  or  displacement  of 
structures  to  permit  operative  attack  on  underlying  structures  con- 
stitute a  special  branch  of  surgical  endeavor.  To  this  department 
of  operative  surgery  the  term  plastic  has  been  applied.  It  is  often 
equally  well  called  reconstructive  or  reparative  surgery. 

In  India  the  surgical  restoration  of  the  external  nose,  often  cut 
off  in  that  country  as  a  punishment  for  supposed  marital  infidelity, 
has  been  a  frequent  operation  for  many  centuries.  Tagliacozzi,  of 
Bologna,  published  in  1597  an  illustrated  volume  describing  his 
operative  methods  and  successes  in  nasal  and  other  reconstructions. 
For  nearly  two  centuries  this  important  surgical  contribution  of  the 
Italian  surgeon  made  little  impression  on  the  surgical  world. 

The  revival  of  plastic  surgery  began  in  the  middle  of  the  eighteenth 
century,  when  Rosenstein  and  also  Dubois  and  Boyer  discussed  the 
possibility  of  replacing  lost  structures  by  reparative  operations. 
These  writers  proved  that  reconstructive  surgery  was  possible,  and 
secured  historic  evidence  of  noses  and  lips  having  been  made  from 
the  tissues  of  forehead,  arm,  and  buttock  by  Indian  and  Italian 
surgeons  of  previous  centuries.  Butler,  in  "  Hudibras, "  and  Dr.  John 
Ferriar,  in  "  Illustrations  of  Sterne  with  other  P]ssays  and  Verses, " 
published  in  1798,  called  attention  to  the  original  observations  of 
Tagliacozzi.  About  this  time  John  Hunter's  experimental  work  on 
grafting  tissues  was  done.  Just  before  Ferriar's  forcible  allusions  to 
the  brachial  method  of  rhinoplasty  there  appeared  in  the  Gentleman's 
Magazine  for  1794  and  in  Pennant's  Views  of  Hindustan  accounts  of 
the  Indian  method  of  making  noses  from  the  skin  of  the  forehead. 
The  Madras  Gazette  made  similar  statements  at  about  the  same  date. 

1  It  is  a  pleasure  to  acknowledge  the  assistance  that  I  have  had  from  Dr.  Alex- 
ander R.  Craig,  Assistant  Surgeon  to  the  Methodist  Hospital,  in  collecting  material 
for  this  chapter. 
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These  non-medical  publications  and  the  successful  rhinoplasties 
of  Lucas  and  Carpue  in  England,  about  1816,  and  the  work  of  C.  Graefe, 
in  Germany,  finally  convinced  the  surgical  profession  that  success 
could  be  obtained.  Balfour  and  Zeis  showed  that  completely  severed 
fingers  and  other  portions  of  the  human  body  could  be  reapplied  to 
their  original  places  and  become  reunited.  In  1823  Biinger,  of 
Marburg,  repaired  a  nose  with  the  tissues  of  the  thigh.  Hoffacker 
described,  in  1828,  instances  in  which  portions  of  the  face  cut  off  in 
duels  at  Heidelberg  had  grown  fast  again  after  restitution  to  the 
original  site.  A  little  later  Warren,  of  Boston,  successfully  trans- 
planted small  pieces  of  skin  cut  entirely  free  from  the  surrounding 
skin. 

Toward  the  middle  of  the  nineteenth  century  the  interest  in 
reparative  surgery  became  very  great.  In  Europe  Dieffenbach, 
Graefe,  Blandin,  Roux,  Serre,  Jobert,  and  Zeis  wrere  its  chief  exponents; 
while  in  America  its  claims  to  consideration  were  urged  by  Warren, 
Mutter,  and  Pancoast,  and  later  by  Post,  Buck,  Andrews,  and  Prince. 
The  terms  autoplasty  and  anaplasty  were  suggested  for  this  branch  of 
operative  surgery,  but  plastic  surgery  was  finally  quite  commonly 
accepted. 

In  1867  Szymanowski,  of  Russia,  made  an  elaborate  and  successful 
attempt  to  systematize  the  principles  upon  which  the  various  deformi- 
ties of  the  contour  of  the  human  body  could  be  remodeled  by  plastic 
operations. 

Epidermic  or  "skin"  grafting,  proposed  by  R6verdin  in  1871,  the 
successful  transplantation  of  severed  pieces  of  skin,  suggested  by 
Wolfe  and  Krause,  the  use  of  skin  shavings  by  Thiersch,  the  osteo- 
plastic operations  of  Oilier  and  Lexer,  and  the  success  of  Murphy, 
Payr,  Hoepfner,  Carrel,  Garrd,  and  Guthrie  in  arterial  suture  and 
visceral  transplantation,  were  further  developments  that  widened  the 
field  of  reparative  and  substitutive  surgery.  The  aseptic  healing  of 
wounds,  made  usually  possible  by  Lister's  investigations,  is  the 
basis  of  this  department  of  surgery.  Thus  were  established  as  legiti- 
mate operative  procedures  tendon  transplantation,  muscle  suture, 
nerve-grafting,  arteriorrhaphy,  arterial  substitution,  thyroid  grafting, 
intestinal  anastomosis,  and  osteoplastic  resection  and  reconstruction. 
The  transplantation  of  internal  organs,  blocks  of  varied  tissues,  and 
even  of  whole  limbs,  seems  a  possibility  of  human  surgery. 

The  implantation  of  aseptic  foreign  bodies  into  the  tissues  with 
the  purpose  of  leaving  them  there  permanently  was  the  next  step 
in  plastic  surgery.  Glass  or  gold  globes  introduced  into  the  sclerotic 
coat  as  a  substitute  for  the  vitreous  humor  enable  the  ophthalmolo- 
gist to  maintain  the  shape  of  an  eviscerated  eyeball;  metal  or  celluloid 
may  be  embedded  to  support  parts  or  change  the  contour  of  the 
overlying  skin;  wire  filagree  or  buried  metal  sutures  may  prevent  the 
occurrence  of  hernia;  celluloid  masses  may  represent  testicles,  and 
rubber  or  other  tissue  is  used  to  prevent  adhesions  of  contiguous 
structures. 
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This  " implantation  therapy"  is  also  the  basis  of  Gersuny's  idea 
of  introducing  melted,  and  therefore  fluid,  paraffin  under  the  skin,  by 
means  of  a  hypodermic  needle  and  syringe,  and  molding  it  into  the 
desired  shape  before  it  hardens  by  cooling.  This  is  a  favorite  treat- 
ment for  remodeling  "  saddle "  noses.  It  has  been  used  to  prevent 
inguinal  hernia  by  making  what  might  be  called  a  " buried  truss" 
in  front  of  the  internal  inguinal  ring. 

GENERAL  PRINCIPLES. 

The  surgeon  resorts  to  plastic  surgery  to  correct,  for  cosmetic  or 
functional  reasons,  or  both,  congenital  malformations  and  acquired 
deformities.  Plastic  surgery  is  also  available  when  it  becomes  desir- 
able to  substitute,  for  physiologic  reasons,  one  organ  for  another  or 
to  throw  one  organ  out  of  active  service.  The  rectum,  for  instance, 
may  be  made  to  receive  the  urine  from  the  ureters  in  exstrophy  of  the 
bladder;  or  the  stomach  may  be  united  to  the  jejunum,  and,  by  this 
short  circuit,  the  duodenum  be  excluded  more  or  less  completely 
from  receiving  the  intestinal  current.  The  spinal  accessory  or  hypo- 
glossal nerve  may  be  united  with  the  distal  portion  of  a  paralyzed 
facial  nerve,  to  give  motion  to  the  muscular  distribution  of  the  latter. 
The  femoral  artery  may  be  united  to  the  femoral  vein,  so  as  to  send 
arterial-  blood  to  a  foot  the  subject  of  anemic  gangrene,  due  to  occlu- 
sion of  the  arterial  branches  of  the  femoral  artery.  The  thyroid 
gland  of  a  sheep  may  be  transplanted  into  the  body  of  a  patient  suffer- 
ing from  deficiency  of  the  thyroid  internal  secretion;  an  ovary  or 
kidney  may  be  transplanted  from  the  abdomen  of  one  animal  into  that 
of  another.  These  are  good  illustrations  of  the  possibilities  of  sub- 
stitutive plastic  surgery.  Of  a  similar  character  is  the  introduction 
of  flaps  of  fascia  between  the  ends  of  bones  to  cause  the  formation  of 
new  joints. 

Plastic  operations  are  often  employed  as  a  primary  step  to  permit 
operative  attack  on  deep  structures  or  internal  organs.  A  portion  of 
the  cranium  with  the  overlying  skin  and  muscle  may  be  temporarily 
lifted,  like  a  trap-door,  on  a  hinge  of  soft  tissues,  in  order  to  give 
access  to  the  Gasserian  ganglion;  the  costal  cartilages  may  be  divided 
in  a  similar  manner  and  raised,  in  order  to  permit  suture  of  the  heart 
or  to  reach  the  lower  part  of  the  esophagus  for  surgical  procedures 
thereon,  and  subsequently  be  replaced.  These  may  be  called 
"strategic"  plastic  operations,  in  contradistinction  to  those  done  for 
substitutive,  functional,  or  cosmetic  purposes. 

As  has  been  seen  in  the  preceding  paragraphs,  plastic  surgery  has 
come  gradually  to  include  all  surgical  operations  designed  to  modify 
the  form  of  living  structures.  The  alteration  may  be  one  of  retrench- 
ment or  increase  in  bulk,  or  of  change  in  mere  relationship  to  sur- 
rounding parts.  Originally  living  tissues  only  were  employed  in  the 
constructive  process.  Now,  however,  inorganic  materials,  which 
become  encysted  in  the  tissues,  are  at  times  inserted  to  modify  the 
shape  or  rigidity  of  structures. 
vol.  v — 56 
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The  suffix  "plasty"  is  added  to  the  root  of  the  Greek  name  of  the 
organ  repaired,  in  order  to  express  the  character  of  operation.  Thus 
one  speaks  of  a  complete  or  partial  rhinoplasty  when  the  external 
nose  is  to  be  reconstructed;  of  cheiloplasty,  meloplasty,  or  thoraco- 
plasty when  it  is  lip,  cheek,  or  chest  that  is  operated  upon.  If  the 
tissues  used  in  the  plastic  work  are  those  of  the  patient  himself,  the 
operation  is  an  autoplastic  one;  but  if  the  grafts  are  taken  from  another 
human  being  or  a  lower  animal,  heteroplastic  is  the  descriptive  adjec- 
tive used.  Heteroplastic  would  seem  to  be  a  good  term  to  employ 
also  when  inorganic  materials  are  introduced,  as  in  the  so-called 
"implantation  therapy." 

Operators  at  first  confined  their  attempts  almost  exclusively  to 
the  skin  and  subcutaneous  cellular  tissue.  It  only  gradually  became 
known  that  mucous  membrane,  fascia,  muscle,  bone,  nerves,  and  even 
the  internal  organs  could  continue  to  live  after  being  placed  in  new 
situations  in  the  economy;  and  that  even  removal  from  one  animal, 
human  or  brute,  to  another  did  not  necessarily  lead  to  death  of  the 
graft.  It  may  be  true  that  some  structures,  like  muscle,  become 
converted  into  fibrous  tissue;  but,  on  the  other  hand,  nerves  that  have 
been  cut  or  damaged  regenerate,  periosteum  develops  new  bone, 
bone-grafts  live  and  attain  osseous  union  with  neighboring  bones, 
and  large  arteries  and  veins  may  not  only  be  successfully  sutured 
after  complete  division,  but  may  actually  be  repaired  by  patching 
with  a  piece  of  another  vascular  canal.  Carrel  has  exsected  a  piece 
of  the  carotid  of  a  dog  and  successfully  inserted  it  into  the  aorta  of  a 
cat,  even  after  keeping  it  in  cold  storage  at  0°  to  1  °  C.  for  twenty  days. 

Since  wounds  of  the  lungs,  liver,  kidney,  and  other  viscera  heal, 
it  seems  not  improbable  that  surgeons  of  the  future  may  successfully 
graft  into  damaged  viscera  portions  of  healthy  organs  from  other 
individuals,  and  that  these  may  supplement  the  functions  of  the 
disordered  viscus. 

Christiani  and  Kummer  report  an  instance  in  which,  after  excision 
of  most  of  a  goitrous  thyroid  gland,  it  was  feared  that  not  enough  of 
the  hypertrophied  gland  was  left  to  prevent  cachexia  strumipriva. 
They,  therefore,  promptly  planted  small  portions  of  the  subject's 
thyroid  gland,  which  were  healthy,  beneath  the  right  acromion.  The 
grafts  not  only  lived,  but  increased  in  size.  At  the  end  of  three 
years  microscopic  examination  of  one  of  these  transplanted  and 
growing  thyroid  organs  revealed  that  it  consisted  of  normal  thyroid 
parenchyma.  In  other  words,  the  healthy  thyroid  graft,  taken  from 
the  goiter,  produced  a  new  thyroid  gland  in  a  novel  situation.  The* 
value  of  such  plastic  operations  may  be  inestimable  in  treating 
hypothyroidism. 

A  child  with  a  cretin's  brain,  who  had  been  treated  for  more  than 
three  years  with  tablets  of  thyroid  gland,  was  recently  treated  by 
Payr,  who  implanted  a  graft  of  its  mother's  thyroid  gland  into  its 
spleen.  The  mental  condition  of  the  patient,  it  is  said,  was  improved. 
Kocher  has  advocated  implanting  pieces  of  thyroid  gland  and  the 
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parathyroids  into  cavities  previously  prepared  in  the  spongy  portion 
of  the  tibia  below  the  epiphyseal  line.  This  region  he  calls  the  meta- 
physis. 

Attempts  have  been  made  by  Jaboulay  to  transplant  the  kidney 
of  a  pig  and  of  a  goat  into  the  tissues  at  the  bend  of  the  elbow  of  the 
human  subject.  Two  women  with  renal  disease  were  thus  treated. 
The  transplanted  kidney  had  its  artery  and  vein  united  with  the 
brachial  artery  and  median  cephalic  vein  respectively.  The  organs 
became  gangrenous  and  had  to  be  removed,  but  there  was  apparently 
evidence  that  some  urine  was  secreted  after  the  transplantation. 
Carrel  has  shown  that  an  animal  may  be  subjected  to  a  double  nephrec- 
tomy and  have  the  kidneys  of  another  animal  of  the  same  kind  trans- 
planted into  its  abdomen  and  live  normally  for  a  few  weeks.  Supra- 
renal bodies,  parathyroid  glands,  and  the  spleen  may  be  successfully 
transplanted.  Knauer  and  Morris  and  Guthrie  have  proved  the 
possibility  of  ovarian  transplantation.  In  chickens  ovarian  trans- 
plantation has  been  followed  by  the  production  of  eggs  which  were 
hatched.     Similar  results  have  been  reported  in  the  higher  animals. 

The  vessels  of  a  dog's  heart,  just  removed  from  the  animal,  have 
been  anastomosed  by  Carrel  with  the  vessels  in  the  neck  of  another 
dog,  and  the  heart  has  resumed  pulsation.  Plastic  surgery  to  effect 
the  substitution  of  uninjured  blood-vessels  for  damaged  ones  may 
be  a  means,  in  the  near  future,  of  saving  limbs  that  would  otherwise 
be  amputated.  It  has  been  proved  that  veins  may  be  used  as  arteries 
by  anastomosing  them  with  the  cardiac  portion  of  an  arterial  trunk. 
Carrel  has  grafted  the  amputated  leg  of  a  dog  upon  the  stump  left 
by  cutting  off  the  leg  of  another  dog.  The  dog  lived  twenty-two  days 
and  died  then  of  bronchopneumonia.  The  vessels  were  anastomosed 
perfectly,  the  skin  was  healed,  and  the  bones  were  united  by  fibrous 
callus.     It  was  too  early  to  expect  restoration  of  motion  or  sensation. 

The  same  experimenter  has  successfully  transplanted  in  a  single 
mass  the  auricle,  the  external  auditory  canal,  part  of  the  scalp,  the 
lymph-nodes  in  the  neck,  and  parts  of  the  common  carotid  artery, 
and  the  external  jugular  vein  from  one  dog  to  another.  The  dog  died 
after  three  weeks  of  pyemia,  due  to  unsuccessful  asepsis,  but  the 
anatomic  region  supplied  by  the  carotid  artery  which  was  transplanted 
was  united  to  the  surrounding  structures. 

Krause  recently  attached  the  great  toe  of  a  man  to  the  stump  of 
his  amputated  thumb.  The  operation  consisted  in  first  resecting  the 
head  of  the  metatarsal  bone  of  the  toe.  The  back  of  the  stump  of 
the  thumb  was  then  made  raw  and  applied  to  the  base  of  the  toe.  The 
tendons  and  skin  were  carefully  sutured,  and  the  foot  and  hand  held 
together  for  seventeen  days  with  gypsum  bandages.  Then  the  plan- 
tar and  palmar  structures  were  divided  and  appropriately  sutured 
after  the  toe  had  been  disarticulated  from  the  foot.  The  cicatricial 
tissue  at  the  end  of  the  thumb-stump  was  not  made  raw  because  it 
was  desired  to  have  also  a  joint  there.  The  cosmetic  effect  was  good, 
though  the  new  thumb  had  little  motion  at  the  time  of  the  report. 
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Lexer  has  successfully  treated  bony  ankylosis  of  joints  by  resecting 
and  inserting  the  joints  taken  from  amputated  limbs  of  other  patients. 
Nails,  wire,  and  bone  pegs  were  used  for  fixation. 

The  physiolpgic  basis  of  all  plastic  operations  is  the  process  of 
growth  and  repair  in  living  tissues.  This  is  supplemented  by  the 
ability  of  groups  of  animal  cells  to  maintain  their  vitality  for  a  short 
time,  even  when  separated  from  all  direct  connection  with  the  heart 
and  the  central  nervous  system.  It  is  important,  in  the  latter  case, 
that  no  deleterious  agents,  such  as  bacteria  or  chemic  irritants, 
deprive  the  protoplasm  of  the  cells  of  its  living  power.  Carrel  has 
maintained  the  latent  life  in  aseptic  tissues  for  days,  by  keeping 
grafts  in  cold  storage.  Guthrie  has  written  on  the  physiologic  aspects 
of  the  surgery  of  blood-vessels. 

When  reconstructive  operations  are  attempted  by  means  of  pedun- 
culated, hinged,  or  displaced  flaps,  the  blood  and  lymph  circulation 
and  the  innervation  to  the  transferred  portion  of  tissue  are  maintained 
by  the  vessels  and  nerves  in  the  pedicle  or  uncut  portion.  Its  edges 
and  surfaces  then  become  united  to  the  surrounding  structures  by 
exactly  the  same  physiologic  processes  of  outgrowth  of  vessels  and 
nerves  as  are  operative  when  an  incised  wound  of  skin,  muscle,  vessel, 
nerve,  or  bone  heals.  If  the  wound  is  aseptic,  immediate  or  primary 
union  is  quickly  effected  by  cellular  and  vascular  activity.  If  it  is 
contaminated  with  pyogenic  micro-organisms,  nature  is  compelled 
to  combat  the  infective  invasion  by  leukocytosis  and  the  other 
general  and  the  local  processes,  which  constitute  the  complexus  denom- 
inated inflammation.  Under  these  circumstances  the  plastic  opera- 
tion may  be  jeopardized,  delayed,  or  caused  to  fail  utterly,  by  reason 
of  suppuration,  cicatricial  contraction,  or  sloughing  of  the  trans- 
ferred flap. 

It  is  easy  to  understand  that  flaps  completely  separated  from 
their  blood  and  nerve  supply,  before  being  transplanted  to  the  new 
position,  have  a  much  less  degree  of  individual  vitality.  They  must 
depend  for  their  nutritive  supply  upon  the  fluids  and  the  metabolic 
energy  within  themselves  until  they  have  made  a  new  physiologic 
connection  with  the  cells  in  the  structures,  to  which  the  operator  has 
applied  them.  Hence  it  is  that  such  plastic  procedures  require  for 
success  the  most  perfect  asepsis  and  the  most  painstaking  technic. 
Until  a  very  recent  time  the  success  of  plastic  operations  performed 
with  skin,  bone,  or  nerve  completely  detached  from  their  original 
surroundings  was  denied.  It  has  now,  however,  been  demonstrated 
that  there  is  little  difficulty  in  such  transplantations  of  animal 
tissues,  provided  that  micro-organisms  and  chemical  irritants  be  kept 
from  the  flap  and  the  wound  into  which  it  is  to  be  grafted.  The 
reestablish ment  of  vascular  circulation  by  anastomosis  of  blood-vessels 
is  imperative  in  transplanting  large  masses,  but  is  not  necessary  in 
operations  of  less  magnitude.  Surgical  grafting  is  more  difficult 
than  budding  or  grafting  in  aboriculture,  but  the  methods  and  pro- 
cesses are  physiologically  equivalent. 
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The  size,  vitality,  and  nutritive  condition  of  the  grafts  have  much 
influence  on  the  result  of  such  operations.  Asepsis  must  be  almost 
ideal,  and  the  technical  manipulation  of  the  parts  very  skilful.  Tendon- 
grafting  is  rarely  successful,  because  the  nutrition  of  tendon  is  not 
very  great,  and  the  grafts  tend  to  become  connective  tissue.  In 
muscle-grafting  success  is  difficult  of  attainment  unless  the  blood  and 
nerve  supply  is  carefully  preserved.  Bone-grafts,  however,  unite 
readily.  Implantation  of  teeth  was  one  of  the  earliest  operations  in 
this  field  to  meet  with  success.  Garrfc,  Carrel,  and  Guthrie  have 
united  arteries  and  veins  without  interfering  with  the  circulation  by 
causing  thrombosis.  Carrel  has  found  that  a  graft  of  blood-vessel 
is  converted  into  a  tube  chiefly  of  connective  tissue,  but  it  is  living 
tissue,  and  may  carry  on  its  function  as  a  blood  canal  for  at  least  a 
year  and  a  half.  He  has  patched  blood-vessels  successfully  with 
peritoneum. 

In  this  connection  it  is  interesting  to  speculate  on  the  reason  that 
organs  do  not  regenerate  in  man  and  other  animals  of  the  higher 
vertebrate  series.  Blood-vessels,  nerves,  and  skin  regenerate  in 
man,  and  so  do  bone  and  muscle  to  a  certain  extent,  though  perhaps 
less  perfectly  and  less  promptly  than  the  other  tissues  just  mentioned. 
It  is  due  to  this  regenerative  power  that  wounds  heal  and  plastic 
surgery  is  possible.  There  apparently  exists  some  connection  between 
this  regenerative  process  and  growth;  and  yet  man  cannot  reproduce 
his  eye  or  a  whole  limb  as  do  some  of  the  lower  vertebrates. 

In  fish  the  tail  regenerates,  and  in  some  species  this  occurs  even 
if  the  whole  organ  with  the  end  of  the  spinal  column  is  cut  off.  Fins 
will  grow  again  if  amputated.  The  tails  and  legs  of  salamanders 
and  newts  may  be  cut  off  repeatedly  and  will  repeatedly  reproduce 
themselves.  Even  the  complicated  organ  of  vision,  the  eye,  will 
regenerate  in  the  salamander  if  a  piece  of  the  optic  bulb  is  left  attached 
to  the  nerve.  Tornier  has  produced  an  extra  leg  by  cutting  the  skin, 
muscles,  and  bone  near  the  attachment  of  the  leg  to  the  trunk.  After 
regeneration  of  a  cut-off  leg  has  begun  the  new  limb  may  be  induced 
to  develop  two  feet  by  constricting  it  longitudinally.  In  tadpoles 
similar  changes  may  be  produced  by  such  injuries,  so  that  four  or  six 
hind  16gs  may  be  developed  instead  of  the  usual  two.  When  a  tad- 
pole changes  into  a  frog,  the  regenerative  power  of  the  hind  legs  is 
lost.  Morgan,  however,  says  that  he  has  occasionally  seen  an  adult 
frog  regenerate  imperfectly  a  foreleg.  Lizards  can  reproduce  the 
tail,  but  not  the  legs.  In  birds  only  the  beak  is  reproduced  if  broken 
off;  while  in  mammals  no  such  regenerative  power  is  found. 

Morgan  believes  that  the  absence  of  this  regeneration  of  lost  organs 
in  man  is  not  due  to  the  complexity  of  the  structures,  nor  to  a  want 
of  a  process  resulting  from  natural  selection  in  vertebrates  subjected 
to  frequent  injuries.  He  thinks  it  probable  that  man  does  not  regen- 
erate an  arm  or  a  leg,  as  do  crabs  and  some  of  the  vertebrates,  because 
the  tissues  of  man  regenerate  with  different  degrees  of  rapidity.  The 
bones,   which  are  most  important  elements  in  such  reproduction, 
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regenerate  very  slowly,  but  blood-vessels,  nerves,  muscles,  and  skin 
reproduce  themselves  more  rapidly.  There  is  no  tendency  to  syn- 
chronous regeneration  of  the  necessary  tissues.  Hence  a  new  organ 
cannot  be  replaced  if  it  be  once  entirely  lost.  If  a  method  of  hurrying 
up  the  time  of  development  of  new  bone  is  ever  found,  the  regenera- 
tion of  a  limb  in  mammals  may  be  near  attainment,  according  to  this 
author.  Other  causes  of  the  loss  of  regenerative  power  in  the  higher 
animals  may,  of  course,  exist. 

Successful  plastic  operations  demand  aseptic  wounds,  sound 
tissues,  and  good  general  health  of  the  patient.  Syphilis  and  lupus 
must  be  cured  and  new-growths  removed  before  plastic  restoration 
is  attempted.  Ingenuity  on  the  part  of  the  surgeon  and  patience  on 
the  part  of  the  subject  are  prime  factors  in  obtaining  satisfactory 
results.  Often  only  a  bulky  resemblance  of  the  part  to  be  recon- 
structed is  obtained  at  the  primary  operation.  Subsequent  improve- 
ment is  gained  by  a  series  of  modifying  procedures,  which  may  require 
months  for  their  accomplishment.  The  time  allowed  to  elapse  between 
the  successive  operations  must  be  sufficient  to  permit  all  inflammatory 
reaction  to  subside,  exudates  to  be  absorbed,  and  cicatricial  contrac- 
tion to  spend  its  force,  in  order  that  the  surgeon  may  estimate  what 
degree  of  modification  is  still  necessary.  It  is  important  that  too 
much  should  not  be  attempted  at  any  one  time,  because  death  may 
occur  from  shock  or  bleeding. 

The  scars  which  necessarily  result  from  plastic  work  should  be 
placed  in  inconspicuous  places,  as  in  the  normal  wrinkles  of  the  skin 
or  parallel  to  them,  in  shadows,  or  in  positions  usually  covered  by  the 
clothing  or  the  hair.  The  elasticity  of  the  skin  permits  such  retraction 
that  the  incision  may  be  placed  at  a  point  of  election  at  a  distance 
from  the  deep  structures  to  be  uncovered.  Curved  incisions  make 
less  conspicuous  scars  than  straight  cuts.  Oblique  division  of  the 
skin  permits  exact  apposition  and  little  noticeable  scarring.  The 
cuts  should  be  made  with  sharp  knives,  and  the  sutures  should  be  as 
fine  as  the  estimated  strain  on  them  will  permit.  The  material  of  the 
sutures  is  of  little  importance  if  it  be  aseptic  and  sufficiently  flexible 
to  permit  accurate  adjustment  of  tissues.  The  subcuticular,  or 
intracutaneous,  suture  may  at  times  be  useful.  Pins  should  seldom, 
if  ever,  be  used.  The  edges  of  wounds  may  be  made  to  pout  or  to 
sink  in  by  properly  inserted  sutures.  Tension  on  the  skin  may  be 
distributed  by  judicious  suturing.  It  should  be  remembered  that 
scars  made  in  childhood  increase  writh  growth  of  the  patient  to  adult 
life.  Scars  of  wounds,  although  healed  by  first  intention,  may  increase 
considerably  in  width  subsequent  to  union,  if  considerable  tension 
was  required  to  draw  the  wound-edges  together.  The  wround  does 
not  reopen,  but  the  scar  stretches.  If  cavities,  such  as  the  mouth, 
vagina,  or  nose,  are  involved  in  the  operation,  it  is  wrise  to  place  one 
set  of  sutures  on  the  mucous  surface  of  the  wound  and  another  on  the 
cutaneous  surface;  and  thus  prevent  infecting  secretions  from  reaching 
the  suture  tracks  on  the  skin  side,  unless  it  be  desirable  to  allow  the 


GENERAL    PRINCIPLES.  887 

mucous  side  of  the  wound  to  gape  for  drainage.  If  the  tension  put 
on  the  lips  of  a  wound  by  the  sutures  or  by  cicatricial  contraction 
tends  to  drag  structures,  such  as  the  eyelid,  out  of  position,  the  sutures 
must  be  changed,  so  that  the  closure  of  the  wound  will  cause  no  drag- 
ging. Sutures  crossing  a  wound  obliquely  may  be  used  to  distribute 
tension  to  various  areas  of  skin. 

The  chief  causes  of  failure  in  well-planned  plastic  work  are  suppura- 
tion and  gangrene.  As  living  tissues  are  the  basis  of  this  department 
of  surgical  art,  every  effort  must  be  made  to  maintain  their  cellular 
vitality.  Tight  sutures  do  harm  in  this  regard.  Reparations  are 
made  largely  by  the  use  of  flaps  or  grafts  of  soft  tissues.  A  "flap" 
has  an  attachment  to  the  adjacent  tissues  and  receives  its  blood  and 
nerve  supply  therefrom.  A  "graft"  or  "free  flap"  is  entirely  sepa- 
rated from  its  surroundings,  and  is  much  more  likely  to  die  than  a  flap 
which  has  a  pedicle.  It  is  often  necessary  that  the  tissue  used  to 
close  a  gap  should  be  of  the  same  structure  and  of  the  same  texture 
and  color  as  the  part  to  be  repaired.  This  point  may  determine 
whether  a  graft  or  an  attached  flap  is  to  be  employed.  Grafts  may  be 
required  because  it  may  be  impossible  to  obtain  a  flap  with  a  pedicle. 
Grafts  are  seldom  employed  except  to  close  small  gaps,  because  of 
the  greater  likelihood  of  necrosis  occurring  in  them.  An  exception 
is  in  skin-grafting,  where  many  shavings  or  fragments  of  skin  of 
moderate  size  are  laid  upon  ulcers  or  wounds.  If  asepsis  is  obtained 
and  maintained,  these  shavings  of  skin  retain  their  vitality.  Cuta- 
neous flaps  with  pedicles  will  not  be  apt  to  retain  vitality  unless 
made  of  healthy  skin  with  a  considerable  amount  of  subcutaneous 
cellular  tissue,  and  with  a  pedicle  broad  enough  to  carry  a  satisfactory 
blood  and  nerve  supply.  Grafts,  however,  should  be  free  from 
cellular  tissue,  and  are  probably  better  when  their  larger  vessels  are 
free  from  blood.  Scar  tissue  is  not  vascular  enough  to  be  used  for 
flaps,  and  scar  tissue  in  the  pedicle  or  at  the  edge  of  flaps  is  a  serious 
detriment.  Sloughing  of  such  flaps  is  almost  certain.  For  a  like 
reason  a  flap  should  not  be  expected  to  fill  a  gap  in  cicatricial  skin, 
because  the  surrounding  tissue  is  not  vascular  enough  to  supply 
sufficient  blood  to  cause  union  between  the  flap  and  the  margins  of 
the  gap,  and  thus  prevent  sloughing  of  the  flap.  It  is  better  to  trim 
away  the  cicatricial  fibrous  tissue  and  interpolate  a  larger  flap,  which 
then  becomes  rapidly  adherent  to,  and  vascularized  by,  its  sur- 
roundings, which  send  vascular  and  nervous  outshoots  into  it. 

The  part  to  which  the  flap  is  to  be  applied  should  be  vivified  by 
paring  away  skin,  mucous  membrane,  or  cicatricial  tissue.  The  gap 
will  become  larger  than  might  be  supposed  because  its  edges  retract. 
The  flap  itself,  if  a  cutaneous  one,  will  shrink  about  one-third  of  its 
area.  It  should,  therefore,  be  made  one-third  larger  than  the  space 
to  be  covered.  The  flap  should  not  be  cut  until  the  space  to  be 
repaired  has  been  made  raw,  and  the  bleeding  from  its  vessels  arrested. 
The  pedicle  should  contain  the  chief  vessels  and  nerves,  if  possible, 
and  should  not  be  tightly  stretched  or  sharply  twisted,  lest  gangrene 
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follow  the  pressure  thus  caused  on  the  arteries  and  veins.  The  con- 
tact of  the  flap  with  the  underlying  raw  surface  and  the  edges  should 
be  close,  so  that  new  capillary  loops  may  rapidly  develop  between 
the  two  portions  of  living  tissue.  Such  contact  is  secured  by  equable 
pressure  of  the  dressing  aiding  the  sutures.  The  edges  of  the  flap 
may  be  beveled  to  make  a  wider  surface  of  contact.  It  is  well  to  have 
the  flaps  emptied  of  blood,  since  blood  remaining  in  the  vessels  is 
liable  to  clot  and  prevent  the  early  resumption  of  circulation.  This 
is  the  reason  for  the  well-known  fact  that  a  pale,  anemic  flap  is  less 
likely  to  slough  than  a  congested  one.  In  the  former  it  takes  but  a 
few  hours  for  blood  flow  to  be  reestablished  in  the  vessels.  As  few 
moments  as  possible  should  elapse  between  the  cutting  of  a  flap  or 
graft  and  its  adaptation  to  its  new  position.  If  any  delay  occur,  the 
flap  or  graft  should  be  kept  heated  to  about  105°  F.  This  may  be 
accomplished  by  wrapping  it  in  gauze  soaked  in  warm  sterile  salt 
solution,  or  immersing  it  in  such  a  solution.  The  experiments  of 
Carrel  with  grafts  kept  in  cold  storage  seem  to  negative  this  opinion. 
After  the  new  tissue  has  been  placed  in  position,  it  should  be  covered 
with  sterile  rubber  tissue  or  oiled  silk  and  firmly  dressed  with  sterile 
gauze.  A  dry  dressing  is  usually  better  than  moist.  Moderate  heat 
may  be  maintained  with  advantage  for  a  few  hours  by  applying  hot- 
water  bags  outside  of  the  dressing.  If  a  flap  free  from  hair  cannot  be 
obtained,  the  hair-follicles  may  be  destroyed  by  electrolysis  or  the 
x-ray  after  it  has  united.  Hairy  flaps  are  needed  in  constructing 
eyebrows. 

If  no  evidence  of  necrosis  is  seen  in  four  days,  there  is  not  much 
likelihood  of  its  occurrence.  If  the  flap  becomes  gray  and  pulpy, 
moist  gangrene  is  present,  and  the  dying  tissues  should  be  cut  away 
or  sterilized.  If  this  be  not  done,  the  whole  field  of  operation  may 
become  infected,  because  this  form  of  gangrene  in  plastic  surgery 
usually  means  bacterial  contamination  of  the  wound.  A  flap  con- 
gested from  venous  engorgement  may  be  saved  by  punctures,  to  drain 
out  the  blood,  before  gangrene  has  started.  A  dry  and  black  con- 
dition of  the  transferred  tissue  means  that  anemic  gangrene  has  taken 
place  from  insufficient  arterial  supply.  This  process  does  not  spread 
beyond  the  part  immediately  affected.  The  black,  mummified 
tissue  should  not  be  hastily  removed,  for  often  the  process  is  very 
limited.  It  may  only  involve  part  of  the  thickness,  or  the  mere  edges 
or  end  of  the  flap.  The  operation  may  not  be  much  imperiled  by  its 
local  occurrence.  The  application  of  dry  heat  outside  of  the  dressing 
may  dilate  capillaries  and  lessen  the  extent  of  anemic  gangrene. 

Sensation  returns  slowly  to  the  transferred  tissue.  For  a  time 
it  feels  numb  and  cold.  The  patient  often  feels  in  it  the  sensations 
belonging  to  it  when  in  its  original  site. 
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METHODS. 


The  constructive  material  is  applied  to  either  a  fresh  wound  or  a 
granulating  surface.  In  the  latter  case  the  surface  is  generally- 
scraped  or  in  some  way  made  raw,  to  hasten  the  development  of  a 
bond  of  capillary  loops  between  the  applied  surfaces.     The  methods 


>-* 


A  B 

Fig.  387. — Operation  for  Depressed  Scar. 
A  illustrates  lines  of  incision  around  depressed  scar,  and  knife  separating  skin  from  under- 
lying tissue.  B,  edges  sutured  after  being  drawn  to  middle  line  over  depressed  tissues  which  have 
been  made  raw  by  scraping. 

may  be  classed  under  four  heads:     (1)  Displacement;  (2)  interpolation; 
(3)  retrenchment;  (4)  implantation. 

Displacement  is  attained  by  simply  stretching  the  tissues  and 
approximating  the  edges,  or  by  detaching  them  from  the  underlying 
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Fig.  388. — Relaxation  Incisions. 


fascia  and  muscles  and  then  sliding  them  into  a  new  position.  The 
undermining  or  undercutting  needed  may  be  quite  extensive.  The 
degree  of  sliding  and  transference  of  tension  in  this  method  may  be 
increased  by  relaxation  incisions  parallel  to  the  original  incisions. 
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Interpolation  consists  in  borrowing  tissue  and  inserting  it  into  a 
gap  to  be  filled.  The  borrowed  portion  may  be  taken  from  an  adja- 
cent region  or  a  distant  part  of  the  patient,  or  from  another  animal, 
human  or  brute.  Under  certain  circumstances  the  tissue  to  be 
transferred  or  transplanted  may  be  obtained  from  a  body  just  dead 
or  from  a  limb  just  amputated  from  a  living  patient. 

The  interpolated  tissue  or  flap  may  depend  for  vitality  upon  a 
pedicle  connecting  it  with  the  general  circulation  and  innervation 
of  the  donor.  This  pedicle  may  connect  it  with  surrounding  tissues, 
or  with  a  limb,  which  is  held  by  bandages  near  the  region  to  be  repaired 
by  the  flap.     Sometimes  the  flap  is  cut  in  the  shape  of  a  bridge  and 


Fig.  389. — A  Pedunculated   Flap. 
Skin-grafting  and  flap  from  back  tacked  to  cranium.     The  tacks  had  been  removed,  because 
of  adhesion  of  flap,  before  photograph  was  taken.     Scalp  torn  oft  by  machinery  some  six  months 
previously. 

has  two  pedicles.  Instead  of  a  pediculated  flap,  a  "free"  flap  or 
" graft,"  which  is  entirely  separated  from  the  donor,  may  be  trans- 
planted. Occasionally  it  is  necessary  to  use  a  double  transfer. 
In  this  method  a  flap  is  first  transferred  to  the  hand  from  the  abdomen 
of  leg,  for  example.  After  it  has  grown  fast  to  the  hand,  it  is  cut 
loose  from  the  abdomen  or  leg  and  sutured  to  the  face,  by  bandaging 
the  hand  and  arm  close  to  the  head.  When  the  end  of  the  flap  has 
grown  fast  to  the  face,  its  attachment  to  the  hand  is  severed.  The 
hand  is  thus  used  as  a  medium  of  transportation  to  avoid  irksome 
or  impracticable  restraint  when  obtaining  a  pediculated  flap  from  a 
distant  part  of  the  patient's  body. 

The  pediculated  flap  method  has  a  great  range  of  applicability. 
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Fig.  390.— Gypsum  Bandage  Applied  to  Keep    Arm   to    Face  in  Making  Lower  Lip  from 

Tissues  of  Arm. 
A,   front  view;   B,  back  view. 


Fio.  391. — Tumor  on  Cheek  Removed  and  Gap  Filled  with  Flap  from  Shoulder.    (Beatson.) 


Flaps  may  be  made  of  various  shapes  and  sizes,  and  several  may  be 
employed  in  a  single  operation.  They  may  be  rotated  or  twisted  into 
position,  everted  or  inverted  so  as  to  place  the  raw  surface  where  it 
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is  desired,  superimposed  one  upon  another,  thrust  through  a  button- 
hole incision  in  the  skin,  stitched  into  a  tubular  shape,  doubled  upon 
themselves,  and  made  to  migrate  from  place  to  place  by  successive 
plastic  procedures.  It  is  only  necessary  to  see  that  these  manipula- 
tions do  not  constrict  the  vessels  in  the  pedicle  and  cause  gangrene. 
Sometimes  a  flap  with  a  broad  base  may  be  split  into  two  or  more 
finger-like  prolongations.  If  it  be  of  advantage,  a  flap  may  be  split 
parallel  to  its  surface,  and  the  superficial  portion  used  as  a  graft  to 
cover  a  raw  surface  elsewhere,  while  the  deeper  layers  of  the  skin  fill 


Fig.  392. — A  Toe  Fastened  to  Hand  and  then    Transplanted  to  Nobe  in  a  Rhinoplasty 

Operation.     (Kausch.) 

the  gap  needing  repair.  In  rare  instances  the  flap  is  made  and  sur- 
rounded for  a  few  days  with  aseptic  rubber  tissue  and  gauze,  to 
prevent  readhesion  to  its  bed;  it  is  transferred  to  the  new  site  only 
after  it  has  become  thickened  by  inflammatory  processes.  Such 
secondary  flap  operations  are  not  often  used  at  the  present  time. 
The  degree  of  rotation  and  twisting  of  the  pedicle  permissible  may 
be  increased  by  making  the  sides  of  the  flap  curved  and  prolonging 
the  incision  on  one  side.  The  twist  should  then  be  made  from  the 
long  edge. 


METHODS. 


Transplanting  free  flpps  or  grafts  is  a  valuable  method  of  interpo- 
lation that  has  recently  come  much  into  vogue.  It  is  especially  used 
in  covering  with  skin-grafts  raw  surfaces  left  after  operations  or 
granulating  ulcers  the  result  of  sloughing  subsequent  to  burns.     The 


Fig.  393. — Rotated   Fhp  from  Cheek  to  Kepaik  Alv  ok  Nohe. 

grafts  are  usually  taken  from  the  abdomen  or  limbs,  and,  therefore, 
the  scarring  caused  by  cutting  the  grafts  is  hidden  by  the  clothing. 
Bone-grafts  for  closing  trephine  holes  in  the  cranium,  omental  grafts 
for   patching  the   hollow   abdominal   organs,  and  tubular  grafts  to 


Fio.  394.— A  Twisted  Flap. 


reconstruct  the  urethra  are  illustrations  of  this  method.  Nerves 
and  blood-vessels  are  repaired  by  such  a  grafting  process.  The 
graft  is  sometimes  stitched  into  its  new  position;  at  other  times 
it   is    laid    in    position    and    adheres    by    plastic    exudation.      Such 
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grafts  may  be  cut  from  another  individual,  who  should  be  free 
from  any  disease.  Grafts  from  the  lower  animals  are  occasionally 
used.  Nerve-grafts,  vascular  grafts,  urethral  grafts,  glandular  grafts, 
and  bone-grafts  are  thus  obtained.  Dupraz  has  used  successfully, 
it  is  stated,  skin-grafts  taken  from  an  amputated  leg  nine  hours  after 
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Fig.  395. — Superimposed  Flaps. 


operation.  Skin  from  recent  cadavers  has  been  used.  Many  hours 
may  elapse  without  interfering  with  successful  grafting  from  cadavers, 
if  the  dead  body  is  kept  cooled  to  the  freezing-point.  Lexer  has  used 
pieces  of  bone  from  the  epiphysis  of  the  knee  of  amputated  legs  for 


Fig.  396. — Flap  Thrust  through  Buttonhole  to  Close  Opening  in  Cheek. 
Skin  shavings  may  be  put  over  external  surface,  which  is  raw. 

closing  openings  in  the  skull.  He  has  recently  been  successful  in 
transplanting  whole  joints  and  even  half  joints,  from  the  same  source, 
into  patients  who  have  lost  by  operation  the  articular  ends  of  the  long 
bones.  Bone-grafts  may  be  similarly  used  to  raise  sunken  places 
in  the  face,  to  complete  defects  in  long  bones  and  the  mandible,  and 
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to  cure  false  joints.  Paralytic  joints  may  be  stiffened  by  pegging, 
and  other  operations  on  the  skeleton  be  done  by  utilizing  free  bone- 
grafts. 

Retrenchment  is  used  in  plastic  surgery  to  diminish  size,  to  remove 
superfluous  material,  and  to  cause  cicatricial  contraction.  Its  object 
may  be  to  alter  the  relative  proportion  of  parts  for  cosmetic  or  mechan- 
ical reasons. 

The  insertion  of  aseptic  inorganic 
materials  into  the  tissues  with  the 
intention  of  having  them  become 
permanently  encysted  is  a  recent  de- 
velopment of  surgery.  Enthesis  has 
been  proposed  as  a  name  for  this 
implantation  procedure. 

Metal  plates,  wire,  screws,  nails, 
celluloid,  rubber  tissue,  and  par- 
affin are  the  substances  usually  em- 
ployed. Paraffin  is  frequently  used 
in  a  hot  fluid  condition.  After  it  has  been  injected  into  the  sub- 
cutaneous structures  it  cools,  hardens,  and  maintains  the  shape 
given  to  it  while  warm  by  pressure  of  the  fingers.  Its  chief  use  is  in 
changing  the  contour  of  sunken  noses.  Embolism  of  the  central 
artery  of  the  retina,  with  consequent  blindness,  has  occasionally 
followed  the  hypodermic  use  of  hot  paraffin.  Hence  some  operators 
now  use  it  in  the  cold  state.  It  may  be  mixed  with  rubber.  The 
technic  of  paraffin  prosthesis  is  described  in  the  chapter  on  Diseases 


Fio.  397.— Split  Flap. 


S/ 


Fio.  398. — Flap  with  Curved  Margins. 


of  the  Nose.     Solid  foreign  bodies  employed  by  enthesis  are  intro- 
duced through  appropriate  incisions. 

Plastic  reconstructions  often  demand  a  combination  of  osteo- 
plasty, tenoplasty,  angeioplasty,  and  neuroplasty,  as  well  as  derma- 
toplasty or  skin-grafting.  Delicacy  of  manipulation,  asepsis,  the 
use  of  normal  salt  solution  instead  of  antiseptic  solutions,  and  artistic 
ingenuity  will  often  give  success  that  astonishes  even  the  operator 
himself. 
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SKIN-GRAFTING;  MUCOUS  HEHBRANE  GRAFTING. 

Plastic  operations  involving  tendons  and  muscles,  nerves,  bones, 
blood-vessels,  and  the  omentum  and  other  viscera  are  described  in 
the  appropriate  chapters. 

Skin-grafting,  that  is,  the  interpolation  of  pieces  of  skin  without 
a  pedicle,  is  performed  in  three  ways:  the  ReVerdin  method,  the 
Thiersch  method,  and  the  Wolfe  or  Krause  method.  In  the  first, 
very  small  particles  of  the  epidermis  with  the  underlying  upper  layer 
of  the  derm  are  transplanted;  in  the  second,  long  strips  or  shavings 
of  the  same  material  are  used;  in  the  third,  pieces  of  the  entire  thick- 
ness of  the  skin,  several  square  inches  in  size,  are  transplanted  upon 
the  raw  bed.  The  first  two  might  with  propriety  perhaps  be  called 
epidermatoplasty,  the  last,  dermatoplasty. 


Fio.  399. — Technic  of  Using  the  Needle  and  Scalpel  for  Cutting  Minute  Skin-grafts. 

In  all  these  procedures  the  raw  or  granulating  surface  is  made 
sterile  and  bathed  with  warm  sterile  salt  solution.  In  the  case  of 
granulating  ulcers  a  sterile  surface  may  be  obtained  by  dressing  the 
part  for  several  days  with  a  formaldehyd  solution  (1  :200).  The 
hardened  surface  of  the  granulations  thus  caused  is  to  be  scraped 
off,  when  the  grafts  are  to  be  applied.  It  is  well  to  shave  off  the 
tops  of  the  granulations  with  a  sharp  knife  or  razor,  which  makes 
a  smoother  surface  than  the  curette.  Bleeding  is  stopped  by  pressure 
with  an  aseptic  pad  of  gauze,  and  the  grafts  are  then  applied.  The 
skin  of  the  front  or  inside  of  the  thigh  or  arm  is  usually  selected  for 
grafts.  It  is  elastic  and  not  apt  to  be  hairy.  It  should  be  sterilized 
and  then  bathed  with  sterile  salt  solution.  R£verdin  grafts  should  be 
two  or  three  millimeters  long.     They  are  readily  cut  by  thrusting  the 
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point  of  an  aseptic  needle  under  the  epidermis  and  putting  the  skin  on 
the  stretch  by  lifting  the  needle.  A  minute  fragment  of  skin  is  then 
excised  with  a  sharp  knife  or  scissors.  Dozens  of  such  grafts,  obtained 
in  this  almost  bloodless  and  nearly  painless  way,  are  placed,  with  the 
epidermic  side  upward,  on  the  raw  surface  or  granulating  ulcer.  Some 
operators  make  small  punctures  into  the  granulations  and  press  the 
grafts  into  these  depressions.  Rubber  tissue  or  Lister  protective  is 
laid  over  the  grafts  to  prevent  their  displacement,  and  a  dry  aseptic 
dressing  is  applied  and  left  undisturbed  for  four  or  five  days.  These 
little  grafts  at  first  shed  their  cuticle  and  become  almost  invisible;  but 
a  few  days  later  bluish-white  spots  of  cicatricial  skin  are  seen  where  the 
grafts  have  begun  to  grow.  These  islands  grow  in  extent,  and  appar- 
ently stimulate  the  edges  of  the  wound  or  ulcer  to  similar  activity. 
After  a  time  the  islands  of  cuti-  , 

fication  coalesce  and  join  with 
the  margin,  and  the  whole  space 
is  converted  into  scar  tissue. 

Thiersch  grafts  are  cut  by 
means  of  a  razor.  This  should 
be  wet  with  sterile  salt  solution 
and  may  perhaps  be  greased 
with  sterile  oil  to  make  the 
thin  shaving  of  epidermis  and 
true  skin  slide  over  its  surface 
more  readily.  The  skin,  also 
moistened  with  salt  solution,  is 
put  on  the  stretch  with  the 
fingers  or  hooks.  The  oper- 
ator then  cuts  numerous  shav- 
ings about  one-half  inch  wide 
and  four  inches  long.  The 
shavings  involve  only  the  most 
superficial  layers  of  the  true 
skin  with  the  corresponding 
epidermis.  These  strips  are 
laid  on  the  raw  surface,  leav- 
ing no  intervals  between  them. 
The  raw  surfaces  of  the  wound 
or  vivified    granulations    and 

the  grafts  adhere,  and  no  sutures  are  needed  to  keep  the  grafts  in 
place.  Rubber  tissue  is  laid  over  the  grafts  to  prevent  their  displace- 
ment, and  a  dry  gauze  dressing  is  firmly  applied,  so  as  to  press  the 
grafts  against  the  raw  surface.  It  is  left  undisturbed  for  five  or 
six  days.  Some  operators  prefer  an  aseptic  moist  dressing,  kept 
constantly  wet.  Gaps  may  be  left  between  the  strips  of  rubber 
tissue  to  allow  escape  of  serous  transudate  or  blood;  but  in  the  Thiersch 
method  the  grafts  should  lie  close  together.  It  is  usually  necessary  to 
anesthetize  a  patient  from  whom  many  of  these  grafts  are  taken. 
vol.  v — 57 


Fig.  400. — Reverdin  Skin-grafting  in  Traumatic 
Ulcek  of  the  Scalp.     (Levis.) 
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Local  infiltration  anesthesia  may  be  used,  according  to  J.  D.  Bryant. 
Very  large  ulcers  and  wounds  are  quickly  healed  by  this  method.  It  is 
especially  valuable  in  causing  rapid  cicatrizations  of  large  ulcers  follow- 
ing burns.     The  grafts  should  be  applied  in  such  cases  as  soon  as  the 


Fia.  401. — Thiersch  Method  of  Skin-grafting.     (Marwedel.) 

sloughs  have  separated  and  the  surface  can  be  made  sterile.  Delay 
allows  cicatricial  contraction  to  become  increasingly  great,  as  the 
granulations  are  converted  into  fibrous  tissue.  The  immediate  union 
between  the  grafts  and  the  vivified  granulation  surface  tends  to  obviate 


Fig.  402. — Putting  Grafts  in  Position. 

much  of  the  disfigurement  likely  to  occur  from  vicious  cicatricial  con- 
traction. Thiersch  believes  it  necessary  to  remove  the  surface  of  the 
granulation  before  planting  the  grafts,  if  the  further  scar  contraction 
is  to  be  successfully  avoided.  It  is  said  to  be  well  to  also  remove  the 
cicatricial  edge  which  has  usually  formed  around  the  margins  of  ulcers. 
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This  bluish  edge  has  been  dissected  up,  cut  into  pieces,  and  used  for 
skin-grafting.  Instead  of  covering  the  grafts  with  rubber  tissue  or 
protective  silk,  a  piece  of  sterile  tulle  may  be  laid  over  them.  This 
may  be  made  with  wide  meshes,  and  be  rendered  non-absorbent  by 
filling  the  threads  with  sterile  paraffin.  The  gauze  dressing  is  applied 
over  this  retentive  fabric,  which  is  left  in  place  for  ten  or  twelve  days. 
Two  parallel  incisions  made  part  way  through  the  skin,  before  it  is 
put  on  the  stretch  for  cutting  the  grafts,  may  be  of  assistance  in 
obtaining  long  and  even  grafts.  Pressure  on  the  skin  with  a  hard  sub- 
stance in  advance  of  the  razor  may  facilitate  the  little  operation. 

The  Thiersch  method  is  very  valuable.  It  does  not  make  a  deep 
wound  where  the  grafts  are  cut,  and  enables  large  surfaces  to  heal 
rapidly.  The  cicatrix  so  obtained  sometimes  ulcerates  easily.  Keetley 
says  that  a  valuable  use  of  the  method  is  to  line  deep  aseptic  bone 
cavities.     The  cavities  fill  up  by  tissue  developing  under  the  grafts. 


Fio.  403. — Cutting  a  Skin-graft.     (Fowler.) 

In  treating  cicatrized  burns  by  this  method  he  first  dissects  out  all  the 
scar  tissue.  He  believes  that  epitheliomatous,  tuberculous,  and  other 
ulcerations,  which  have  been  excised,  show  less  tendency  than  usual 
to  recurrence,  if  Thiersch  grafts  are  used  to  fill  the  gap  in  the  soft  tissues. 
Wolfe  or  Krause  grafts  consist  of  the  entire  thickness  of  the  skin, 
and  must  be  free  from  subcutaneous  fatty  tissue.  The  circumference 
of  the  free  flap  to  be  cut  is  marked  by  an  incision  through  the  skin.  An 
end  is  then  seized  with  toothed  forceps  and  raised,  so  that  the  operator 
is  able  to  dissect  it  free  from  the  superficial  fascia.  The  knife  used 
should  be  sharp  and  its  edge  should  be  turned  toward  the  skin,  in  order 
to  avoid  raising  some  of  the  subcutaneous  fatty  tissue  with  the  skin. 
The  raw  surface  should  not  be  touched  with  the  fingers  and  the  opera- 
tion should  be  dry.  The  graft  may  be  obtained  by  dissecting  up  skin 
and  subcutaneous  fat  from  the  deep  fascia,  and  then  clipping  all  the  fat 
away  from  the  under  surface  with  scissors.  This  method  leaves  a 
wound   easily   closed  after  undercutting  its   margins.      The  graft  is 
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carefully  laid  in  the  bed  that  has  been  aseptically  prepared,  and  is 
pressed  into  place  so  as  to  drive  out  any  air  beneath  it.  Sutures  may  or 
may  not  be  used.  Dry  dressings  are  to  be  firmly  applied  and  should  not 
be  removed  for  about  four  days.  Then  there  may  be  blebs  on  the  sur- 
face, and  it  may  look  as  if  necrosis  of  the  flap  was  about  to  occur.  The 
blebs  should  be  punctured  and  drained  and  dry  dressings  reapplied. 
Krause  flaps  may  be  laid  upon  bone,  muscle,  fascia,  or  other  structures. 
They  will  usually  live,  if  a  dry  aseptic  technic  has  been  carefully  carried 
out,  even  if  they  are  several  square  inches  in  area.  Motion  of  the  parts, 
to  which  the  grafts  have  been  applied,  should  be  prevented  by  means 
of  splints,  whenever  necessary.  Hairy  grafts  may  be  employed  to 
replace  eyebrows. 

Mucous  membranes  may  be  repaired  by  pediculated  flaps  of  mucous 
membrane,  by  grafts  of  mucous  membrane,  or  by  using  skin-flaps  or 
grafts.  Skin  thus  transferred  or  transplanted  becomes  converted  into 
a  pseudomucous  membrane,  when  continuously  subjected  to  the 
moisture  of  cavities  lined  with  mucous  membrane.  Defects  in  mucous 
membrane  of  the  urethra,  eye,  and  mouth  have  been  repaired  by  mucous 
membrane  grafts  from  man  and  the  lower  animals.  Skin-flaps  with 
pedicles  of  subcutaneous  tissue  only  have  been  employed  for  such 
purposes,  and  have  been  thrust  through  slits  or  buttonholes  in  the  skin 
of  the  cheek  and  elsewhere.  If  mucous  membrane  is  used,  the  entire 
thickness  must  be  employed.  The  difficulty  of  maintaining  asepsis 
and  immobility  of  the  parts  makes  mucous  membrane  grafting  less 
successful  than  skin-grafting.  Pediculated  flaps  of  mucous  membrane 
are  therefore  more  reliable. 

CICATRICIAL  DEFORMITIES  OF  THE  SKIN. 

Cicatricial  contraction  subsequent  to  sloughing  from  burns  and 
scalds  often  causes  frightful  deformity  of  the  face  and  limbs.  The 
contraction  is  lessened  if  the  ulcers,  left  by  the  separation  of  the  sloughs, 
are  quickly  healed  by  means  of  skin-grafting.  The  Thiersch  and 
Krause  methods  are  to  be  employed.  They  should  be  resorted  to  as 
soon  as  a  clean  granulating  surface  has  been  obtained.  Wilcox  obtains, 
in  such  infected  ulcers,  an  aseptic  surface  by  first  washing  with  green 
soap  and  solution  of  hydrogen  dioxid.  If  the  ulcer  be  very  foul,  he 
applies  a  compress  wet  with  a  50  per  cent,  solution  of  hydrogen  dioxid 
for  several  days.  The  surface  cleansed  by  either  of  these  methods  is 
then  covered  with  a  compress  moistened  with  a  1  per  cent,  solution  of 
formaldehyd  for  eight  or  ten  hours.  This  changes  the  upper  portion  of 
the  granulations  into  a  dry,  leathery  tissue.  This  layer  is  removed  by 
a  sharp  instrument,  and  the  bleeding  stopped  by  equable  pressure  of  a 
rubber  bandage,  applied  for  a  few  minutes.  To  the  aseptic  bloodless 
surface  thus  obtained  the  grafts  are  applied.  A  weaker  solution  of 
formaldehyd  applied  to  ulcers  for  a  few  days  answers  equally  well. 

When  distortion  has  already  occurred  by  ulceration  having  healed 
more  or  less  completely,  the  surgeon  must  divide  the  scar  tissue  to 
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permit   readjustment   of  the  displaced   structures.     It   sometimes   is 
necessary  to  dissect  out  the  entire  scar  until  normal  tissue  is  reached. 


Fig.  404. — Dkkokmity  fkom  Buhns  of  the  Hands.     (Keen.) 

In  either  case  plastic  operations  are  then  performed  to  fill  the  gap  and 
transfer  the  tension  to  areas  where  it  will  do  no  harm.     Unless  the 


Fit;.  405.  —  I)ixn<;i'KKMK\T  i-kom   Brava. 

Improved  by  incising  *vtir  tissue  under  chin  and  taking  two  long  flaps  from  back  which  were  brought 
around  the  front  of  the  neck  like  a  cravat. 


distortion  is  remedied,  joints  may  become  permanently  immovable  or 
dislocated,  bones  bent  out  of  shape,  orifices,  such  as  the  nostrils,  closed, 
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Fig.  406. — Detormity  ok  Molth  and  Armh  kkou        Fig.  407.— Flaps  from   Back  to  Relieve 
Burnh.     (Spellissyj  Deformity  Shown  in  Fig.  406.     (SpellisHy.) 


Fig.  408.— Result  after  Operation  on  Cahe  Shown  in  Fig.  406.     (Spellissy.) 
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lips  and  eyelids  everted,  arms  fixed  to  the  chest  by  folds  and  bands  of 
scar  tissue,  and  the  hands  converted  into  mere  claws. 


I 


▲> 


Fig.  409. — Mabon'h  Operation  on  Cicatricial  Deformity  of  Chin  and  Neck  Due  to  Burns. 


The  scar  tissue  was  divided,  the  chin  lifted  and  the  edges  of  skin  dissected  up  and  united  in  the 

middle  of  the  gap.     (Mason.) 

The  methods  already  described  for  plastic  reconstruction  must  be 
employed  to  remedy  these  distortions  from  scars.  It  is  impossible  to 
describe  formal  operations,  because  the  deformities  vary  greatly  in 


Fio.  410. — Flap   from   Opposite        Fig.  411. — 1.  Thoracic   Flap  to   Fill  Bend  of  Elbow; 
Leo   to    Graft    Ulcerated  2.  Flap  with  Double  Pedicle  for  Forearm  1  aken 

Space.  from  Abdomen;  3,  Flap  to  Arm. 

kind  and  degree.  The  operator  must  select  his  method,  after  a  study 
of  the  particular  problem.  A  series  of  operations  extending  over  many 
months  is  often  required.     Frictions  with  oils,  such  as  adeps  lanae, 
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massage,  and  patient  stretching  may  aid  the  operative  treatment. 
Thiosinnamin  and  other  caustic  applications  may  be  used  to  smooth 
down  rough  and  nodular  scars.     The  x-ray  will  lessen  the  irregularities. 

A  few  illustrations  will  show  the  general  methods  more  quickly 
than  written  descriptions. 

The  manner  of  performing  plastic  operations  will  be  understood  by 
examining  the  illustrations  of  operations  for  harelip,  cleft  palate, 
ectropion  of  the  eyelids,  exstrophy  of  the  bladder,  resections  of  bones, 
osteoplastic  amputation  of  the  extremities,  and  deformities  of  the  nose 
and  face  in  the  appropriate  chapters  of  this  and  other  volumes. 


RHINOPLASTY. 

Rhinoplasty,  which  includes  all  operative  repairs  of  the  external 
nose,  is  resorted  to  in  partial  or  complete  congenital  absence  of  the  organ, 
and  is  employed  to  repair  losses  of  its  tissue  from  any  cause  and  to 
modify  deformities  in  size  or  shape,  whether  congenital  or  acquired. 

A  very  common  congenital  defect  of  the  external  nose  is  the  flatten- 
ing of  the  wing  and  broadening  of  the  nostril  occurring  in  connection 
with   harelip  and   cleft  palate.     This  deformity   should  be   corrected 

by  early  operation  upon  the  palate 
and  lip,  combined  with  readjust- 
ment of  the  alar  cartilage. 


Fig.  412. — Diagram  of  Flap  and  Method  ok 

Suturing  Edges  of  Frontal  Wound  in 

D.  F.  Keegan's  Method  of  Rhinoplasty. 

(Modified  slightly  from  Keegan's  illustra- 

•  tion.) 


Fig.  413. — Keegan's  Operation. 

Diagram  showing  outlines  of  flaps  of  skin 
and  fascia  overlying  the  bony  nasal  bridge. 
These  are  turned  downward  as  on  hinges 
between  c  and  d  and  g  and  h.  'Ihus  the  skin 
surface  in  next  to  the  na^al  cavity  and  a  raw 
surface  is  created  from  the  nasofrontal  suture 
to  the  end  of  the  nose.  This  is  then  covered 
with  a  frontal  flap  (Keegan). 


The  chief  difficulties  in  extensive  nasal  reconstructions  are  the 
production  and  maintenance  of  sufficient  projection  from  the  surface 
of  the  face,  the  formation  of  nostrils,  which  will  remain  patent,  and  the 
construction  of  a  columella  which  post-operative  contraction  cannot 
distort.  Many  nasal  deformities  liable  to  cause  much  mental  distress 
may  be  avoided  by  the  early  recognition  of  syphilitic  lesions,  followed 
by  prompt  and  efficient  specific  treatment. 
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Deformities  of  the  nose  and  interference  with  proper  respiration 
through  the  nasal  chambers  would  be  greatly  lessened  in  frequency  if, 
after  injuries  to  the  face  of  seeming  unimportance,  patients  were  care- 
fully examined  for  fractures  and  dislocations  of  the  bones  and  cartilages 
of  the  nose.  This  applies  particularly  to  the  nasal  injuries  occurring 
in  childhood. 

Prosthetic  appliances  fitted  to  the  face  to  remedy  defects  in  the 
nose  do  not  come  under  rhinoplastic  surgery,  unless  they  are  buried 
in  the  tissues  to  be  permanently  retained  there. 

In  rhinoplastic  operations  pedunculated  flaps  may  be  taken  from 
the  arm,  forehead,  or  cheeks.  Brachial  flaps  require  the  upper  extremity 
and  head  to  be  held  in  apposition  by  some  form  of  retentive  apparatus 
for  from  ten  days  to  two  weeks.     The  flap  taken  from  the  upper  forearm 


Pio.  414. — Frontal   Rhinoplasty  for   Repair   of  the    Cut-off   Cartilaginous   External 

Nose. 
Photograph  taken  on  sixteenth  day  after  Keegan's  operation.     (Keegan.) 

or  hand  may  sometimes  be  permitted  writh  advantage  to  undergo  con- 
traction from  partial  cicatrization,  and  be  molded  somewhat  into  shape 
before  the  head  and  arm  are  approximated  and  the  flap  sutured  in  the 
nasal  region. 

Lexer  *  has  ingeniously  cut  a  piece  of  the  condyle  of  the  femur,  taken 
from  an  amputated  leg,  into  the  shape  of  a  nose,  bored  holes  into  it 
for  nostrils,  and  planted  this  bony  mass  under  the  skin  of  the  forearm. 
Three  months  later,  when  the  bony  nose  had  become  adherent  to  the 
skin  and  underlying  muscles,  he  transplanted  the  whole  mass  upon 
the  face. 

Frontal  flaps  have  the  advantage  that  there  is  no  restraint  in  the 
patient's  posture  during  treatment  and  that  portions  of  periosteum 
or  bone  may  be  cut  from  the  forehead  and  embedded  in  the  newly  made 

*  Verhandl.  der  Deutsch.  Gesell.  f.  Chirurgie,  1908,  ii. 
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nose.     Scarring  of  the  forehead  may  be  a  good  deal  lessened  by  plastic 
closure  of  the  wound  and  skin-grafting. 

Pedunculated  flaps  from  the  cheek  are  not  often  used  in  total  rhino- 
plasty, but  are  employed  in  partial  reconstructions  of  the  external 
nose.  It  may  be  necessary  in  nasal  reparations  to  use  superimposed 
flaps  from  the  forehead,  the  cheek  and  arm,  in  order  to  obtain  necessary 
thickness  and  rigidity  for  the  new  organ.  Free  flaps,  or  grafts,  of  skin 
may  be  successfully  utilized.  Portions  of  cartilage  taken  from  the  ribs  or 
ear,  or  from  recently  dead  tissues  of  men  or  lower  animals  may  be  planted 
in  the  soft  tissues  to  give  the  requisite  rigidity.  In  the  same  way 
strips  of  bone  or  periosteum  from  the  forehead,  tibia,  ulna,  ilium,  finger, 
or  toe,  or  from  the  lower  animals  have  been  implanted.     Modification 


Fig.  415. — Charles     Nelaton'h     Operation 

for  Complete  Loan  ok  Nohh. 

A,  Thermal  flap* have  been  inverted  and 

Miitured,  the  fragment  of  contal  cartilage  has 

been  inserted  under  the  periosteum,  and  the 

{>ropo*ed  frontal  flap  is  indicated  by  a  broken 
ine.     (Ndlaton  and  Ombr&lanne.) 


Fig.  416. — Charles     Nelaton'b     Operation 
for  Complete  Loba  of  Nobe. 
B,  Eversion   and  molding  of  the  frontal 
flap  containing    the  piece  of  costal  cartilage. 
(NcMaton  and  Ombre*danne.) 


in  shape  is  sometimes  obtained  by  resort  to  subcutaneous  injections  of 
paraffin  or  paraffin  mixed  with  other  materials. 

When  the  external  nose  has  been  removed  by  sharp  instruments, 
leaving  the  nasal  bones  intact,  the  method  of  Keegan  is  probably  the 
best  for  a  rhinoplastic  reconstruction.  In  this  operation  two  cutaneous 
flaps  are  dissected  from  the  surface  of  the  nasal  bones  and  turned  down- 
ward upon  a  cutaneous  hinge  just  above  the  lower  border  of  the  bony 
bridge.  These  flaps  then  cover  the  opening  into  the  nasal  chambers, 
with  the  skin  surface  inward  and  the  raw  surface  presenting  outward. 
As  a  result  of  this  manoeuvre  the  raw  surface  extends  from  the  fronto- 
nasal junction  downward  and  forward  to  the  proposed  tip  of  the  new 
nose  (Figs.  412  and  413). 
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The  operator  then  cuts  an  oblique  frontal  flap  with  its  pedicle  near 
the  inner  canthus  of  one  eye.  This  flap  should  be  so  cut  as  to  make  pro- 
vision for  the  alse  and  columella  of  the  new  nose.  The  frontal  flap, 
after  being  raised,  is  twisted  on  its  pedicle  and  laid  with  its  raw  surface 
against  the  raw  surface  previously  made  by  turning  down  the  flaps  from 
the  nasal  bones.  The  projection  on  this  flap  intended  for  the  new 
columella  is  fitted  into  a  pocket  made  above  the  middle  of  the  lower 
lip,  and  the  incisions  at  the  side  of  the  nasal  region  are  deepened  and 
lengthened  to  receive  the  edges  of  the  flap  from  the  forehead.  The 
frontal  wound  is  closed  with  sutures  and  skin-grafts,  and  drainage-tubes 
are  kept  in  the  nostrils  for  a  few  days.  The  pedicle  near  the  corner  of 
the  eye  is  divided,  and  the  tissues  readjusted  at  that  point  at  the  end 
of  ten  or  fourteen  days. 


Fio.  417. — Charles  Nelaton's  Operation  for  Complete  Lor*  of  Nobe. 
C,  The  frontal  flap  sutured  in  position  ho  a*  to   form  narea  and  columella  as  well  as  the  nasal 
bridge.      (N  (51a  ton  and  Ombrt?danne.) 

Instead  of  trimming  away  the  rather  voluminous  median  margins 
of  the  two  flaps  turned  down  from  the  nasal  bones,  Henry  Smith  inverts 
these  median  edges  into  the  nasal  cavity  and  thrusts  them  into  a  split 
made  in  the  remains  of  the  septal  cartilage.  This  makes  a  new  septum 
and  lines  almost  the  entire  interior  of  the  new  nose  with  skin  (Fig.  414). 

Charles  N£laton  recommends  a  more  elaborate  method  of  per- 
forming total  rhinoplasty.  The  first  step  consists  in  excising  almost 
the  whole  length  of  the  costal  cartilage  of  the  eighth  rib.  He  trims 
this  structure  down  to  a  thickness  of  about  3  mm.  along  about  2\  cm.  of 
its  length.  At  a  point  where  he  expects  to  bend  this  strip  of  cartilage 
to  make  the  point  of  the  nose  he  cuts  a  notch.  The  prepared  carti- 
laginous support  for  the  dorsum  and  columella  is  then  thrust  into  a 
horizontal  tunnel  made  between  frontal  bone  and  its  periosteum.  The 
cartilage  becomes  connected  with  the  surrounding  tissues  in  about  two 
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months.  At  this  time  the  cicatricial  edges  of  the  stump  of  the  nose  are 
pared  loose,  making  three  flaps.  The  superior  flap  is  turned  downward; 
the  lateral  flaps  are  turned  inward,  and  they  are  sutured  together  so  as 
to  close  to  a  greater  or  less  extent  the  opening  into  the  nasal  chambers, 
which  has  been  left  by  the  loss  of  the  external  nose  (Figs.  415-417). 
The  next  stage  in  the  operation  is  to  cut  from  the  forehead  an 
irregularly  quadrilateral  flap  having  its  pedicle  near  the  inner  border 
of  the  right  eyebrow.  This  flap  contains  the  transplanted  costal 
cartilage  lying  longitudinally  in  its  middle.  When  the  flap  is  raised 
from  the  bone,  the  entire  periosteum  with  the  implanted  costal  cartilage 
is  taken.  The  surgeon  twists  this  flap  downward,  bends  the  contained 
cartilage,  and  fixes  the  frontal  structures  on  top  of  the  nasal  flaps 


Fio.  418.  — €h\rles  Nblatovs  Oper\tion 

for  Subtotal.  Loss  of  the  Nose. 

Diagram     showing     outline    of      flap      used. 

(Nelatou  and  Ombr^danne.) 


Fir..   419. — Charles     Nelaton's     Operation 

for  Subtotal  Loss  ok  the  Nose. 
Cutting  the  bony  roof  for  the  new   nose  from 
the  frontal  bone.    (Nllaton  and  OmbrSdanne.) 


which  have  been  made  from  the  margins  of  the  nasal  opening.  A  fair 
and  rigid  substitute  for  a  nose  is  constructed.  The  frontal  wound  is 
closed  by  skin-grafts  and  usually  heals  without  very  much  scarring, 
even  though  a  thin  layer  of  bone  may  be  lost  by  necrosis  due  to  the 
removal  of  the  periosteum. 

Brachial  rhinoplasty  is  at  the  present  time  not  considered  so  avail- 
able for  replacing  totally  lost  noses  as  it  is  for  filling  gaps  after  the  loss 
of  a  part  of  the  nose  only.  Sometimes  a  pedunculated  flap  from  the 
chest  or  the  abdomen  is  attached  to  the  arm  or  hand,  and  is  subsequently 
cut  from  the  trunk,  and  then  applied  to  the  nasal  region.  Occasionally 
operators  have  employed  both  frontal  and  brachial  flaps,  superimposing 
one  upon  the  other-  Flaps  from  the  cheeks  may,  in  the  same  way, 
be  used  in  connection  with  frontal  and  brachial  flaps. 
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The  operative  devices  for  meeting  the  requirements  of  partial 
rhinoplasties  are  innumerable. 

For  subtotal  loss  of  the  nose  NeUaton  saws  a  long  A-shaped  flap 
from  the  forehead  and  nasal  regions  with  a  thin  saw.  This  flap  contains 
a  plate  of  bone  from  the  forehead  and  portions  of  the  nasal  and  superior 
maxillary  bones.  This  osteoplastic  flap  is  slipped  downward,  and, 
being  flexible,  can  be  bent  into  shape  and  sutured  so  as  to  make  a  fair 
substitution  for  a  nose  (Figs.  418-421). 

Very  pronounced  instances  of  saddle-nose  may  be  remedied  more 
or  less  satisfactorily  by  splitting  off  pieces  of  bone  from  the  lateral 
margins  of  the  nasal  opening  in  the  skull  by  means  of  a  chisel.  These 
are  to  be  loosened  above  and  pressed  toward  the  middle  Hue,  con- 


Fiu.    42J. — Charles    Ne*lvtov'b    Operation    for 
Subtotal  Loks  of  the  Nose.) 
The  bony  roof  and  flap  of  soft  tissues  displaced 
downward  previous  to  the  application  of  the  sutures. 
(NeUaton  and  Ombre'danne.) 


Fig.     421.— Charleb      NeYaton'h 
Operation      for      Subtotal 

Lo»8    OF   THE    No»E. 

Appearance  of  patient  after  the 
sutures  have  been  inserted  and  tied. 
(NeHaton  and  Ombrcdanne.) 


stituting  thereby  a  nasal  bridge.  The  new  position  occupied  by  these 
pieces  of  bone  may  be  secured  by  transfixing  the  nose  under  them  with 
a  steel  pin. 

Syphilitic  sunken  noses  with  old  inflammatory  adhesions  between 
the  skin  and  the  internal  structures  require  very  radical  operative 
procedures.  There  is  usually  a  sharply  defined  transverse  groove  just 
above  the  middle  of  the  sunken  area,  and  the  cutaneous  structures  are 
usually  very  fibrous  from  cicatricial  changes.  The  distressing  deformity 
so  caused  may  sometimes  be  improved  by  separating  the  skin  of  the  nose 
from  the  nasal  bones  by  an  inverted  U  incision.  A  frontal  flap,  perhaps 
containing  periosteum  or  bone,  should  then  be  turned  down  and  tucked 
under  the  first  flap.  A  fragment  of  bone,  cartilage,  or  periosteum  may 
be  incorporated  in  this  reparative  work.     Occasionally  undermining 
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the  skin  with  a  tenotome  and  injecting  semisolid  paraffin  or  paraffin 
liquefied  by  heat  may  relieve  the  deformity. 

These  operations,  however,  will  not  always  restore  the  normal 
position  of  the  tip  of  the  nose,  which  needs  to  be  drawn  down  so  that  the 
plane  of  the  nostrils  shall  be  horizontal,  as  in  the  normal  nose.  The 
sunken  nose  of  syphilis,  as  also  the  undeveloped  saddle-nose,  has  a 
tilted-up  lobule  which  makes  the  opening  of  the  nostril  lie  in  an  almost 
vertical  plane.  To  correct  this  deformity  is  an  important  preliminary 
step  in  relieving  the  disfigurement  of  both  these  conditions.  It  is  par- 
ticularly essential  in  the  sunken  nose  of  syphilis.   The  first  step,  there- 


Fiq.  422. — Roberts'  Method  of  Making   Nasal  Bridge  with   Cheek  Flaps  aj*d  Rhomboidal 

Flaps  from  Forehead. 

fore,  in  correcting  a  badly  sunken  nose  is  to  make  a  transverse  incision 
in  the  transverse  groove  at  the  bottom  of  the  sunken  region.  This  cut 
must  go  into  the  nasal  cavity  and  permit  the  operator  to  draw  down  the 
lobule  and  the  alse  until  the  prominence  of  the  tip  is  restored  and  the 
nostrils  again  lie  in  the  horizontal  plane.  The  huge  opening  in  the 
nasal  chambers,  between  the  bony  bridge  above  and  the  replaced 
lobule  and  alse  below,  must  be  closed  by  tissues  which  will  be  per- 
manently thick  and  rigid.  Some  years  ago  I  devised  a  method  which 
answers  well  for  this  purpose.  The  first  step  is  to  cut  a  flap  from  each 
cheek  near  the  nasolabial   furrow.     These  are  turned   upward  and 
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inward  and  sutured  in  the  middle  line  with  the  skin  surface  toward  the 
nasal  cavity.  The  raw  surfaces  present  forward.  After  these  flaps 
have  become  united  and  are  more  or  less  cicatrized,  the  irregularities 
at  their  base  are  corrected  by  incisions  and  sutures  (Fig.  422). 

The  next  step  is  to  make  an  inverted  V  incision,  beginning  in  the 
middle  of  the  forehead.  The  legs  of  this  incision  run  downward  and 
outward  to  the  points  on  the  cheeks  below  the  eyes.  Just  above  the 
united  flaps,  turned  in  from  the  cheeks,  a  similar  inverted  V-shaped 
cut  is  made.  The  second  incision  has  its  legs  more  widely  separated 
than  the  first. 

A  vertical  incision  in  the  middle  line  of  the  nose  joins  the  apices  of 
these  two  Vs.  By  these  cuts  the  surgeon  has  made  two  rhomboidal 
flaps  with  their  pedicles  on  the  cheeks  close  to  the  sides  of  the  nose. 


Fio.  423. — End  of  Nose  Destroyed  by  Cads-  Fio.     424. — Appearance     op     Patient 

tic  Before  Operation.  Shown  in    Fio.  423    After  Opera- 

tions to  Build  up  Lobe    op  Nose 
prom  Cheeks. 

A  dissection  down  to  the  bone  lifts  these  flaps,  and  they  are  turned 
downward  over  the  cicatricial  or  granulating  surface  of  the  reversed 
cheek-flaps.  The  upper  angle  of  the  right  flap  is  sutured  to  the  base 
of  the  left  ala,  and  that  of  the  left  flap  is  turned  across  the  nose  so  as  to 
reach  to  a  point  near  the  inner  canthus  of  the  right  eye.  The  frontal 
wound  is  quite  easily  closed  in  a  vertical  direction.  The  rigidity  of 
these  tissues  placed  between  the  root  of  the  nose  and  its  lobule  is  suffi- 
cient to  prevent  the  flaps  being  sucked  in  by  the  pressure  of  the  atmos- 
phere during  inspiration. 

The  reduction  of  an  exceedingly  large  nose  may  be  accomplished 
by  an  operation  devised  by  Joseph.  The  width  of  the  organ  and  the 
big  nostrils  are  lessened  by  cutting  out  an  A-shaped  portion  of  the  skin 
and  cartilage  on  the  anterolateral  surface  of  the  nose.  The  bones  and 
cartilages  forming  the  roof  or  dorsum  are  then  pared  away  with  chisel 
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and  scalpel;  and,  finally,  the  nasal  septum  is  shortened  by  cutting  out 
a  wedge  with  its  base  forward  and  its  point  directed  downward  and 
backward.  Joseph  reports  that  his  patient,  who  had  formerly  been  very 
unhappy,  was  greatly  pleased  with  the  change,  which  converted  his 
large  nose  into  one  of  moderate  size. 

For  restoring  the  alse  or  the  lobule  of  the  nose  pedunculated  flaps 
may  be  taken  from  the  cheeks,  lip,  or  chin,  or  the  surgeon  may  use  the 
brachial  method. 

The  new  alae  may  be  lined  with  mucous  membrane  dissected  from 

the  nasal  septum,  or  repaired  with  a  flap  from  the  cheek  with  the  skin 

surface  turned  inward.     The  prevention  of  cicatricial  obstruction  of 

the  nares  makes  the  construction  of  new  alae  very  troublesome.     Thiersch 

grafts  of  skin  may  be  used  to  cover  the  raw 

surface  of  a  flap  before  it  is  put  in  position  to 

make  an  ala.     Small  skin-flaps  may  perhaps  be 

thrust  with  success  through  buttonholes  in  the 

skin  to  line  a  new  ala.     To  stiffen  an  ala  so 

that  it  will  not  collapse  during  inspiration  the 

operator  may  possibly  slip  a  piece  of  cartilage, 

taken  from  the  ear  or  costal  cartilage,  into  the 

tissues  used  for  making  the  wing  of  the  nose. 

A  columella  which  lacks  rigidity,  because  made 

of  soft  tissues  or  because  of  congenital  absence 

Fio.    425.— Scnken     Nose     of  cartilage,  may  be  stiffened  by  thrusting  a 

Transveh^Fncisio?.1'11     peg  of  cartilage,  cut  from  the  tip'of  the  eighth 

costal  cartilage,  obliquely  backward  and  inward 

through  a  tunnel  made  with  a  tenotome.     This  procedure  is  used  to 

hold  the  lobule  forward  and  stiffen  the  lower  portion  of  the  septum. 

A  columella  lost  from  ulceration  or  other  cause  may  be  constructed 
from  two  vertical  flaps  cut  from  the  upper  lip,  one  of  which  is  taken 
from  each  side  of  the  median  line.  These  need  not  go  through  the  entire 
thickness  of  the  upper  lip.  A  single  median  flap  may  be  used  for  the 
same  purpose.  A  portion  of  the  nasal  spine  of  the  upper  jaw  may  be 
chiseled  loose  and  turned  upward  to  give  rigidity  to  a  new  columella 
which  the  surgeon  is  about  to  make. 

Bent  and  twisted  noses  of  various  forms  may  be  much  improved 
by  a  thorough  division  of  bones  and  cartilages,  and  loosening  the 
attached  soft  parts  subcutaneously  with  a  tenotome,  and  twisting  back 
the  structures  into  a  better  anatomic  relation.  It  is  wise  to  over- 
correct  such  deformities.  The  new  relations  must  be  maintained  for 
about  ten  days  or  two  weeks  by  the  use  of  nasal  pins  or  intranasal 
splints. 

Noses  the  site  of  rhinosclerema  or  of  chronic  rosaceous  hypertrophy 
may  be  restored  to  a  normal  size  and  shape  by  simply  shaving  off  the 
excess  and  allowing  cicatrization  to  take  place,  with  or  without  skin- 
grafting. 
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CHAPTER  LXXVII. 
SURGERY  OF  ACCIDENTS. 

By  William  L.  Estes,  M.  D. 

SOUTH    BETHLEHEM,    PA. 

One  can  scarcely  wonder  that  accidents  are  increasing  almost  from 
year  to  year  when  he  takes  into  consideration  the  increase  in  rapid 
locomotion  of  many  kinds  and  the  multiplying  factories,  workshops, 
mines,  and  quarries  all  over  the  country. 

While  the  ratio  of  accidents  compared  with  the  number  of  employe's 
is  apparently  not  increasing,1'2  the  total  number  of  accidents  is  increas- 
ing every  year.  The  number  of  mine  accidents  seems  not  to  be 
increasing  relatively.3'4  Accidents  on  the  railroads,  however,  do 
seem  to  be  steadily  increasing.6 

The  report  of  the  Interstate  Commerce  Commission5'6  shows  that  the 
largest  number  of  deaths  from  railroad  accidents  are  among  the  class 
which  is  called  in  railroad  reports  "trespassers."  In  1904  there  were 
10,046  fatalities  from  railroad  accidents.  Of  these,  3632  were  employes, 
441  were  passengers,  and  5973  were  "other  persons."  Of  these  so-called 
"other  persons' '  who  were  killed,  5105,  over  85  per  cent.,  were  reported 
"trespassers."  Grade-crossings  are  responsible  for  most  of  the  casual- 
ties of  so-called  "trespassers."  Accidents  occurring  to  employes  and 
passengers  result,  for  the  most  part,  from  carelessness  or  neglect  on  the 
part  of  the  individual  injured  or  of  some  employ  6  responsible  for  the 
safety  of  others. 

The  statement  has  been  frequently  made,  and  it  is  commonly  sup- 
posed, that  coal-mining  is  the  most  hazardous  of  all  employments.  The 
report  of  the  Department  of  Labor  No.  32,  p.  IS,  shows  specifically 
that  this  is  not  true.  The  report  states:  "It  is  a  matter  of  interest  to 
note  that  coal-mining  is  a  less  dangerous  industry  than  that  of  railway 
transportation.  While  in  the  latter  1  switchman,  flagman,  etc.,  out  of 
every  195,  and  1  trainman  out  of  every  150,  were  killed  during  the  year 
1898,  in  coal  mines  the  proportion  was  only  1  out  of  every  347  employes 
in  anthracite  mines,  and  1  out  of  every  443  in  bituminous  coal  mines,  in 
Pennsylvania,  1  out  of  467  in  Illinois  mines,  and  1  out  of  every  720 
(year  1897)  in  Ohio  mines." 

While  undoubtedly  the  nature  of  the  employment,  the  surroundings, 
and  the  method  of  conducting  the  work  will  determine  the  number  of 
injuries,  there  can  be  no  doubt  that  the  actual  number  of  fatal  cases 
resulting  from  injuries  will  be  very  greatly  lessened  by  prompt  and 
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skilful  treatment.  Nearly  ever}'  large  mining  company  has  a  select, 
well-equipped,  and  competent  surgical  staff,  either  in  actual  employ- 
ment, or  it  has  a  special  arrangement  with  an  independent  hospi- 
tal in  the  immediate  neighborhood.  Injured  men,  therefore,  receive 
prompt  and  competent  attention.  There  are  certain  conditions  of 
environment,  which  will  be  noticed  later  on,  which  make  wounds  in 
mines  somewhat  less  dangerous  than  similar  injuries  above  ground; 
these,  however,  will  hardly  explain  the  fact  that  nearly  four  times  as 
many  railroad  men  as  miners  die  from  their  injuries.  I  believe  that 
the  lack  of  proper  first-aid  appliances  and  a  proper  surgical  organization 
on  most  railroads  in  the  United  States  (those  of  the  East  are  especially 
lacking)  are  to  a  very  great  extent  responsible  for  this  increased  loss 
of  life.  For  instance,  in  a  number  of  instances  I  have  known  of  men 
with  crushed  extremities  being  transported  long  distances  on  the  rail- 
road without  any  appliance  or  care  to  prevent  hemorrhage;  and  I  know 
a  number  of  men  have  lost  their  lives  because  this  neglect  resulted  in 
their  bleeding  to  death.  In  a  great  many  instances  I  have  known 
men  to  be  transported  long  distances  on  dirty  stretchers  in  dirty  cars, 
through  dirty  baggage-rooms,  without  any  protection  for  an  open 
wound,  or,  what  is  worse,  in  a  great  many  instances  I  have  known 
badly  soiled  bandages,  waste,  etc.,  applied  as  dressings  to  open  wounds. 
Better  the  open  air  than  dirty  rags.  It  is  not  too  much  to  say  that 
hundreds  of  men  injured  on  the  railroad  every  year  die  from  pure  neglect. 
These  are  unnecessary  deaths.  Railroads  should  be  obliged  by  law  to 
make  provision  for  properly  caring  for  their  injured  employes  and 
passengers. 

This  can  be  properly  done  only  by  establishing,  in  connection  with 
a  thoroughly  organized  surgical  staff,  a  system  of  first  aid,  which  has 
done  so  much  to  lessen  the  mortality  in  war.  It  is  obviously  impractic- 
able for  a  competent  surgeon  to  be  delegated  to  every  train  on  the  rail- 
road, but  it  is  possible  for  every  road  to  have  its  responsible  employes 
systematically  taught  the  elementary  principles  of  first  aid  to  the 
injured,  especially  the  vital  importance  of  controlling  hemorrhage  and 
the  prevention  of  soiling  of  a  fresh  wound.  Besides,  every  railroad 
should  be  required  to  carry  first-aid  packets  and  an  accident  package 
on  every  train,  and  more  should  be  placed  at  every  station  along  the 
line.  These  accident  packages  should  each  contain  two  rubber  tour- 
niquets, a  package  of  aseptic  gauze,  a  package  of  absorbent  cotton,  a 
half-dozen  muslin  bandages  of  various  wridths,  zinc  oxid  adhesive 
plaster,  and  a  bottle  of  antiseptic  tablets.  Forceps,  scissors,  needles, 
and  aseptic  ligatures  might  be  added  for  the  use  of  the  surgeon.  That 
a  system  of  this  kind  may  be  efficient  I  have  had  abundant  reason  to 
know,  for  in  1886,  wThile  I  was  chief  surgeon  of  a  railroad  line,  I  had  this 
system  established.  For  the  six  years  after  its  introduction  the  record 
of  accidents  showed  that  the  mortality-rate  was  50  per  cent,  lower  than 
the  preceding  six  years 
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The  organization  of  the  surgical  staff  on  a  railroad  must  be  varied 
somewhat  according  to  the  line  or  system  concerned.  For  example, 
it  would  be  out  of  place,  on  a  line  which  traverses  a  thickly  populated 
country,  with  numerous  large  towns,  each  with  a  well-equipped  hospital 
and  a  skilful  surgical  staff,  to  have  exactly  the  same  organization  as  a 
line  traversing  a  sparsely  settled  country. 

One  officer,  however,  should  be  common  to  all,  namely  a  chief  sur- 
geon. He  should  combine  the  skill  of  an  experienced  surgeon  with 
fine  executive  abilities.  To  him  should  be  delegated  the  whole  responsi- 
bility of  the  surgical  affairs  of  the  road.  If  the  road  be  a  large  "system," 
there  should  be  division  surgeons — one  for  every  200  or  250  miles  of 
road.  These  should  report  to  the  chief  surgeon  and  be  answerable  to 
him  alone.  There  should  also  be  local  surgeons  at  suitable  intervals. 
These  should  report  to  the  division  surgeons  and  be  answerable  to 
them. 

The  chief  surgeon  should  have  an  office,  properly  equipped,  with 
an  adequate  clerical  force,  centrally  located.  He  should  be  regarded 
and  be  paid  as  one  of  the  chief  officers  of  the  road.  He  must  give  his 
whole  time  to  the  road. 

The  division  surgeons  should  have  offices  near  the  division  super- 
intendents, but  should  not  l>e  under  them  or  report  to  them.  They 
ought  to  be  paid  for  the  work  actually  done  for  the  road  at  their  regular 
rates.  It  will  not  be  necessary  for  them  to  give  all  their  time  to  the 
affairs  of  the  road. 

The  local  surgeons  should  be  selected  from  the  most  competent 
men  of  their  several  localities.  They  should  be  paid  regular  rates  for 
their  service  and  never  by  any  contract  rate  or  by  a  stated  salary.  As 
to  passes  or  transportation  over  the  road,  the  company  ought,  of  course, 
to  furnish  transportation,  either  by  pass  or  by  mileage,  to  all  the  surgeons 
who  travel  in  the  discharge  of  their  duties  as  railroad  surgeons,  and  to 
the  annual  meetings,  but  they  ought  to  pay  for  themselves  and  their 
families  when  they  travel  on  their  own  affairs  or  for  pleasure. 

The  duties  of  the  several  surgical  positions  are  indicated  in  their 
respective  names.  The  chief  surgeon  should  organize,  inaugurate, 
and  conduct  all  the  sanitary  and  surgical  affairs  of  the  road.  He 
should  be  to  the  railroad  what  the  surgeon-general  is  to  the  army. 

The  division  surgeons  should  be  responsible  under  the  chief  surgeon 
and  answerable  to  him  for  the  sanitary  and  surgical  affairs  of  their 
respective  divisions. 

The  local  surgeons,  selected  from  the  t>est  qualified  men  of  their 
localities,  and  distributed  every  ten  or  twelve  miles  along  the  road  when 
this  is  practicable,  should  have  a  definite  territory  assigned  to  each 
one,  say,  five  or  six  miles  of  road  on  either  side  of  his  residential  town;  or 
certain  localities,  e.  g.,  the  shops,  switchyards,  or  stations,  if  they  are 
located  in  a  city.  They  should  render  prompt  first  aid  to  any  person 
injured  on  the  road  within  their  territory,  and  should  determine  in  ordi- 
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nary  cases  and  circumstances  the  further  disposition  of  the  injured  person, 
that  is,  whether  he  should  be  treated  at  his  home  or  be  sent  to  a  hospital. 
They  should  immediately  make  carefully  written  notes  of  the  circum- 
stances of  the  accident  and  the  exact  nature  of  the  injury,  its  extent, 
prognosis,  and  its  initial  treatment,  and  forward  these  data  to  the 
division  surgeon. 

Local  surgeons  should  go  to  any  reasonable  distance  along  the  line 
outside  of  their  individual  territories  in  case  of  a  serious  wreck  or  catas- 
trophe along  the  line.  In  cases  of  large  wrecks,  where  many  or  several 
surgeons  are  at  work,  the  division  surgeon  should  be  present,  if  practic- 
able, and  direct  the  work.  If  this  is  not  practicable,  the  local  surgeons 
present  should  elect  one  of  their  number  as  acting  chief,  and  the  one  thus 
selected  should  direct  the  measures  of  surgical  relief.  In  big  wrecks  it  is 
always  best  to  conduct  the  surgical  work  something  after  the  military 
method — e.  g.f  a  field-hospital  should  at  once  be  established  as  the 
base,  in  a  neighboring  house,  if  possible,  or  under  an  improvised  shed. 
Ordinary  day  coaches  are  usually  very  inconvenient,  and  are  always  in- 
fected. Except  in  case  of  a  large  new  Pullman,  they  should  be  used  only 
after  the  dressings  have  been  finished.  In  the  chief  dressing  station, 
if  practicable,  three  surgeons  should  be  stationed,  with  all  the  accumu- 
lated dressing  materials  and  improvised  splints,  etc.  These  surgeons 
should  see  to  it  that  clean  water,  a  fire,  and  disinfectants  are  provided. 
The  other  surgeons  should  be  sent  in  pairs  to  rescue  the  wounded,  make 
immediate  provision  for  their  needs,  and  send  them  at  once  to  the 
main  dressing  station,  which  I  have  called  the  field-hospital,  for  proper 
first  dressing. 

When  all  the  injured  have  been  dressed,  Pullman  cars,  if  available, 
may  be  utilized  for  the  comfort  and  transportation  of  the  patients,  or 
the  ordinary  day  coaches  may  be  utilized  for  beds  by  turning  the  backs 
of  the  seats  alternately,  removing  the  cushioned  seats,  and  laying  them 
longitudinally  from  one  seat  to  the  other  of  the  turned  sections.  This 
will  convert  every  two  sections  into  one  section  for  the  wounded  to 
lie  on.  When  there  are  so  many  injured  that  all  the  space  must  be  used, 
after  turning  the  backs  of  the  seats  to  face  one  another,  the  two  double 
seats  may  be  removed  and  be  put  longitudinally  across  the  frames. 
This,  however,  makes  a  much  less  secure  and  comfortable  bed  than^the 
plan  first  suggested. 

If  the  road  has  one  or  more  hospital  cars,  and  it  is  practicable  to  get 
them  to  the  scene  of  wreck,  these,  of  course,  would  serve  as  the  chief 
dressing  station,  and  would  furnish  comfortable  quarters  for  a  few  of 
the  seriously  injured,  besides  adding  most  materially  to  the  facilities 
for  caring  for  the  injured. 

HOSPITAL  CARS  ON  RAILROADS. 

Railroad  surgeons  have  been  discussing  for  a  number  of  years 
whether  it  would  aid  the  surgical  organization  on  a  railroad  line,  and 
especially  whether  efficient  prompt  surgical  aid  might  better  be  rendered 
by  a  system  of  hospital  cars  on  each  road.     This  question  of  hospital 
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cars  on  the  lines  in  America  is  sui  generis.  We  cannot  use  the  fact  that 
Germany  and  Belgium  have  found  them  useful  as  a  convincing  argu- 
ment in  favor  of  them  for  American  lines,  because  the  lines  are  so  much 
longer  and  are  so  differently  managed  in  this  country. 

Expense. — A  very  important  matter  will  be  the  expense.  At  a  low 
estimate,  $15,000  would  be  required  to  build  and  equip  each  car.  The 
cost  of  running  and  transporting  the  cars  over  the  line  would  be  a  very 
considerable  expense  every  year. 

Range  of  Efficiency. — Recently,  in  speaking  to  an  experienced 
dispatcher  about  this  matter,  in  answer  to  the  question,  "  Under  ordinary 
conditions  on  a  busy  railroad  line,  how  fast  time  could  you  guarantee 
a  hospital  car  in  moving  from  one  point  to  another?"  he  replied,  "twenty- 
five  miles  an  hour  would  be  about  the  limit."  As  a  means  of  rendering 
first  aid,  therefore,  a  hospital  car  would  be  too  slow  to  be  efficient  in 
a  great  many,  perhaps  the  majority  of,  instances. 

Location  of  the  Car  and  the  Number  Required  on  a  Line.— 
Under  ordinary  conditions,  then,  twenty-five  miles  an  hour  would  be 
the  expectation  of  hospital-car  service.  This  might  be  in  two  directions, 
of  course,  and  so  make  the  range  of  one  car  fifty  miles.  In  order, 
therefore,  to  assure  a  service  of  one  hour  from  the  time  of  its  call,  there 
must  be  one  car  for  every  fifty  miles  of  track.  When  there  are  a  number 
of  lines  branching  out  from  a  common  center,  the  proper  location  of 
the  car  would  naturally  be  at  the  center  or  point  of  convergence  of  the 
lines.  One  car  in  such  conditions  might  serve  a  much  larger  territory. 
Under  the  ordinary  conditions  of  trunk  lines,  however,  one  car  for 
every  fifty  miles  would  be  necessary  to  give  service  with  any  degree  of 
promptitude.  For  a  main  line  of  500  to  800  miles  ten  to  sixteen  cars 
would  be  necessary.  Then  there  would  be  yards  and  branches  to  be 
cared  for.  These  would  require  for  a  500  or  800  miles'  system  the 
addition  of  five  or  six  cars — a  total  of  fifteen  to  twenty-two  hospital 
cars.  Yards,  reshipping  points,  crossings,  junctions,  and  termini  are 
generally  regarded  as  especially  liable  to  accidents.  Wreck  cars  are, 
as  a  rule,  not  evenly  distributed  over  a  line.  It  would  doubtless  be 
well  to  follow  this  rule  with  hospital  cars.  Perhaps  a  hospital  car 
might  be  located  with  every  wreck  train.  About  ten  wreck  cars 
are  allowed  to  a  road  of  500  miles  of  main  track.  To  follow  this 
last  suggestion  would  provide  about  the  same  number  of  hospital 
cars  as  the  first  plan  of  distribution  required.  Putting  them  with  the 
wreck  cars  would  assure  more  prompt  service  in  case  of  serious  catastro- 
phes, perhaps;  it  would  delay  them,  however,  in  many  other  instances. 
They  would  have  to  be  uncoupled  and  detached  from  the  wreck  train 
when  the  hospital  car  alone  was  required. 

Surgical  Service  on  Hospital  Cars. — If  the  cars  are  to  be  properly 
efficient,  a  surgeon  or  surgeons  must  accompany  them  on  all  their 
expeditions  of  mercy.  To  assure  this  it  would  be  necessary  to  recast 
the  ordinary  arrangement  of  local  surgeons  along  a  railroad.  It  might 
be  made  a  rule  that  the  surgeon  in  whose  territory  the  accident  occurred 
should  serve  on  the  car.     In  the  east,  however,  it  is  rare  for  one  local 


4 


920  SURGERY    OF    ACCIDENTS. 

surgeon  to  have  charge  of  a  territory  of  twenty-five  miles  of  road.  He 
might  render  first  aid  and  then  turn  the  patients  over  to  the  next  local 
surgeon  upon  reaching  his  territory,  so  that  in  a  transportation  of  twenty- 
five  miles  two  surgeons  might  have  to  officiate.  It  is  rare,  on  most 
roads,  to  find  in  every  section  of  twenty-five  miles  a  hospital  or  place 
of  permanent  treatment  to  which  the  injured  person  could  be  carried. 
The  journey  of  the  car,  therefore,  would  have  to  be  much  longer  in  some 
instances.  The  first  surgeon  to  render  aid  would  have  to  go  far  afield 
and  leave  his  location  for  many  hours  perhaps,  or  else  there  would  be 
a  large  number  of  changes  of  surgeons  en  route.  This  would,  of  course, 
in  the  last  instance,  work  no  end  of  confusion.  Suppose,  however, 
the  rule  was  made  that  the  first  local  surgeon  to  render  aid  must  accom- 
pany the  patient  to  his  destination.  The  time  this  would  require  would 
be  a  very  serious  matter  to  a  surgeon  unless  there  was  a  proper  pecuniary 
return  for  his  work  and  time.  Grant,  however,  that  the  railroad  com- 
pany would  pay  for  the  surgeon's  time  and  work.  If  it  were  at  the 
usual  rate  of  fees,  very  few  railroads  would  stand  it.  This  service,  to 
be  efficient,  would  require  salaried  surgeons,  and  the  expense  would 
be  very  heavy  if  the  men  employed  were  properly  qualified.  I  believe 
no  railroad  would  stand  such  expense. 

Another  arrangement  might  be  made,  and  in  some  instances  would 
not  prove  inhuman  nor  hurtful,  viz.,  a  local  surgeon  might  render 
first  aid,  and  then  intrust  the  injured  person  on  his  further  journey  to  a 
lay  employ 6 — brakeman,  flagman,  or  conductor.  Some  one  ought  to 
remain  in  the  car  with  the  patient,  surely.  If  it  be  a  lay  employ^,  he 
must  give  up  his  other  occupation  during  this  time.  This,  if  frequently 
required,  might  also  make  a  serious  expense,  and  in  a  great  many 
instances  be  inexpedient  and  dangerous. 

Again,  if  the  car  has  to  leave  its  own  territory,  as  it  must  do  in  order 
to  prevent  the  evil  of  transshipment  and  very  serious  discomfort  to  the 
injured,  what  provision  shall  be  made  for  caring  for  possible  accidents 
during  its  absence?  It  would  not  do  for  the  next  car  on  the  line  to 
take  its  place,  as  this  would  only  transfer  the  evil.  It  is  obvious,  there- 
fore, that  a  hospital  car  must  be  supplemented  by  other  provisions  for 
caring  for  injured  persons. 

If  the  foregoing  points  are  well  taken,  it  is  obvious  that  in  order 
to  equip  a  railroad  line,  which  has  a  main  line  of  as  many  as  500 
miles,  with  hospital  cars  in  sufficient  number  to  begin  to  do  efficient 
service  in  the  majority  of  emergencies,  would  cost  from  $200,000  to 
$300,000;  the  maintenance  and  running  of  these  cars  would  also  add 
materially  to  the  annual  expense  account.  The  personal  and  usual 
arrangement  with  local  surgeons  would  have  to  be  materially  changed. 
Lastly  and  especially,  prompt  and  rapid  first  aid  by  means  of  hospital 
cars,  under  ordinary  conditions,  could  not  be  rendered  in  a  large  number 
of  individual  emergencies.  No  doubt  the  sentimental  value  of  a  system 
of  hospital  cars  for  emergency  work  would  be  very  considerable,  but 
one  cannot  advocate  any  such  system  when  there  are  other  more 
prompt  and  efficient  means  of  succor. 
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The  argument  that  a  hospital  car  furnishes  seclusion,  comparative 
comfort,  and  facilities  for  proper  dressings,  and  even  operating-room 
facilities,  is  frequently  used.  I  am  willing  to  grant  the  first  point, 
without  argument,  provided  the  car  is  at  once  available.  I  think  I 
have  shown,  however,  that  in  many  instances  this  will  be  utterly  imprac- 
ticable. The  value  of  the  other  points  of  the  argument,  I  think,  is  very 
doubtful.  We  know  it  is  much  more  important  that  the  man  who  does 
the  first-aid  dressing  shall  have  had  the  proper  training  and  experience 
and  know  the  best  modern  way  of  handling  injuries,  than  that  all  proper 
facilities  for  applying  dressings  shall  be  provided  to  a  less  competent 
man.  As  I  have  said,  in  writing  upon  the  "  Treatment  of  Compound 
and  Complicated  Fractures,"7  the  fate  of  the  injured  person  depends 
very  greatly  upon  the  man  who  does  the  first  dressing.  It  is  certainly 
not  best  for  a  seriously  injured  person  to  be  put  in  the  hands  of  an  inex- 
perienced and  poorly  trained  man,  even  if  he  has  all  the  facilities  for 
doing  first-rate  permanent  work.  The  inexperienced  man  will  be  thus 
encouraged  to  attempt  dressings  which  are  intended  to  be  final  in 
compound  fractures,  very  severe  lacerations,  or  avulsions. .  Very  rarely, 
except  in  minor  or  the  most  urgent  cases,  ought  operations  to  be 
attempted  in  hospital  cars. 

It  seems  to  me  that  the  objects  in  view  should  be,  to  furnish  such 
simple  aseptic  dressings  and  apparatus  as  will  prevent  any  further 
soiling  or  infection  of  the  wound,  to  prevent  or  control  hemorrhage, 
to  immobilize  injured  parts,  and  to  transport  the  injured  person  to  a 
place  where  he  may  have  careful,  skilled,  and  permanent  treatment 
just  as  soon  as  possible.  I  believe  hospital  cars  cannot  do  all  this.  In 
this  age  of  many  excellent  hospitals  along  railroad  lines,  the  publicity 
and  some  added  discomfort  in  the  old  manner  of  transporting  injured 
persons  are  far  less  harmful  than  delays  in  delivering  them  at  the  hos- 
pitals where  they  may  find  rest  and  permanent  treatment  at  the  hands 
of  experienced  men. 

Is  there,  then,  no  field,  no  call  for  hospital  cars  on  railroads?  I  believe 
decidedly  there  is.  First,  on  a  railroad  which  is  composed  of  a  number 
of  short  lines  radiating  from  a  common  center,  when  the  "center"  has 
hospital  facilities  and  the  short  lines  have  none,  the  car  may  be  efficient 
for  conveying  relief  in  apparatus,  a  skilled  surgeon,  and  means  of  trans- 
portation. Second,  suburban  short  lines  might  also  use  a  hospital  car 
efficiently.  In  both  these  instances  one  or  two  cars  would  suffice, 
and  these  roads  could  afford  to  employ  a  skilled  surgeon  to  accompany 
the  car.  In  both  instances  the  object  would  be  first  aid  and  the  bringing 
of  the  patient  to  the  hospital  base,  namely,  the  city  in  which  the  ter- 
minus might  be. 

Third,  hospital  cars  would  be  very  efficient  on  railroads  which  have 
a  system  of  small  emergency  hospitals  along  the  lines  and  one  or  two 
"base  hospitals"  at  the  termini.  They  would  be  used  in  transporting 
patients  from  the  emergency  hospital  to  the  base  or  principal  hospital. 

Fourth,  it  may  be  considered  ahead  of  the  times,  but  I  believe  an 
especial  need  for  hospital  cars  is  for  (intermittent)  use  on  through 
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express  trains  to  transport  sick  and  injured  passengers,  for  which  service 
people  of  means  would  gladly  pay. 

Most  physicians  can  recall  many  instances  of  illness,  clearly  conta- 
gious or  infectious,  on  crowded  trains  in  such  conditions  that  they  would 
communicate  the  diseases.  It  is  a  matter  of  commonest  experience 
for  persons  suffering  from  pulmonary  tuberculosis  to  travel  long  dis- 
tances in  railway  coaches.  Sleeping  cars  are  especially  apt  to  be  selected 
for  these  ailing  persons.  Efficient  disinfection  of  railway  coaches, 
especially  sleeping  coaches,  is  usually  neglected.  Various  States  have 
passed  stringent  laws  requiring  the  careful  embalming,  disinfection, 
and  hermetic  inclosure  of  corpses  of  persons  dying  of  contagious  dis- 
eases during  transportation  on  the  railroads.  But  individuals  while  still 
alive,  when  suffering  from  any  one  of  the  contagious  or  infectious  diseases, 
may  travel  without  any  let  or  hindrance  on  any  railroad  of  the  United 
States,  unless  their  disease  is  accidentally  discovered,  and,  as  a  rule,  are 
placed  in  the  very  cars  which  are  most  frequented  and  most  difficult 
to  disinfect. 

Understanding,  as  we  do,  the  usual  methods  of  transmission  and  the 
specific  cause  of  pulmonary  tuberculosis,  it  is  amazing  that  no  restriction 
has  yet  been  placed  upon  the  transportation  of  persons  who  are  in 
advanced  stages  of  this  disease.  It  would  be  a  barbarous  prohibition 
to  prevent  tuberculous  persons  from  using  railroad  cars  in  order  to  go 
whither  their  one  chance  of  recovery  may  be.  The  only  proper,  safe, 
comfortable,  and  sanitary  solution  of  this  problem  of  contagious  and 
infectious  disease-spreading  custom  is  for  railroads  to  furnish  properly 
equipped  hospital  cars  for  any  doubtful  case  of  disease  to  its  destination, 
and  so  separate  it  entirely  from  the  other  travelers  on  the  train.  In 
order  to  make  this  system  efficient,  the  cooperation  of  physicians 
generally  must  be  obtained,  and  the  various  States  should  pass  laws 
requiring  the  use  of  isolating  or  hospital  cars  for  sick  persons.  The 
patient  and  his  attendants  would  have  seclusion,  more  comfort,  and 
efficient  treatment  might  continue,  without  any  danger  to  others. 

These  cars  should  be  constructed  so  as  to  be  inconspicuous  on  the 
outside,  and  have  the  simplest  fittings  commensurate  with  comfort 
and  efficiency,  and  everything  should  be  so  arranged  and  constructed 
that  proper  sanitation  during,  and  thorough  disinfection  after,  the  use 
of  the  car  might  be  obtained. 

Only  two  or  three  cars  of  this  kind  would  be  necessary  on  a  line  of 
a  thousand  miles  of  main  track.  If  they  were  properly  stationed,  they 
might  also  prove  very  efficient  in  cases  of  serious  catastrophes  along 
the  line. 

RAILROAD  HOSPITALS, 

In  populous  regions  and  when  a  railroad  line  traverses  a  number  of 
large  towns  which  have  hospitals,  special  railroad  hospitals  are  not 
necessary.  It  is  more  economic  and  efficient  to  arrange  with  the 
hospitals  along  the  route  to  receive  the  casualty  cases  from  the  road. 
This  arrangement,  however,  disorganizes  the  proper  system  and  order 
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of  surgeons  and  reports  on  the  road,  and  it  takes  away  from  the  chief 
surgeon  the  control,  and  in  many  instances,  proper  information  con- 
cerning the  progress  and  termination  of  the  cases,  unless,  as  should  be 
done,  the  chief  surgeons  of  the  hospitals  are  made  ipso  facto  surgeons 
of  the  railroad  company.  This  arrangement  with  hospitals  in  towns 
along  the  route  would  make  it  comparatively  easy  to  select  the 
local  surgeons,  since  they  would  be  recruited  from  the  staff  of  the 
hospitals. 

In  sparsely  settled  regions,  especially  in  a  newly  opened  country, 
hospitals  founded  and  maintained  by  the  railroad  are  necessities. 
Small  emergency  hospitals,  and  two  or  more  large  base  hospitals,  should 
be  distributed  along  the  line.  These  hospitals  should  be,  of  course, 
under  the  general  direction  and  control  of  the  chief  surgeon.  A  division 
surgeon  should  be  immediate  chief  of  the  base  hospital,  which,  other 
things  being  equal,  on  a  long  line  or  system,  should  be  located  one  at 
either  terminus,  and  one  as  nearly  as  may  be  midway  between.  The 
emergency  hospitals  would  best  be  established  near  large  transshiping 
yards  and  junctions,  and  these  should  be  controlled  by  the  local  surgeon 
or  surgeons  in  whose  territory  they  happen  to  be.  When  the  territory 
of  more  than  one  surgeon  is  concerned,  regular  rotation  of  the  medical 
officer-in-charge  should  be  the  rule,  at  stated  intervals.  The  emergency 
hospitals  would  do  the  work  indicated  by  their  name,  and  as  soon  as 
the  patient  could  be  safely  moved,  he  should  be  taken  to  one  of  the  base 
hospitals,  where,  as  a  rule,  all  major  surgical  operations  should  be  per- 
formed. 

For  a  large  railroad  system  I  am  convinced  a  third  variety  of  hospital 
would  add  markedly  to  the  efficiency  of  the  treatment,  relieve  congestion 
in  the  base  or  terminal  hospital,  and  enable  the  surgical  department  to 
keep  track  and  proper  records  of  the  cases  and  hold  them  in  charge  until 
they  are  quite  well,  viz.,  a  well-managed  and  well-located  convalescent 
hospital  or  home.  Patients  who  had  progressed  so  far  that  no  further 
active  treatment  was  necessary,  as,  for  instance,  fracture  cases,  spinal 
injuries,  etc.,  are  frequently  very  slow  in  recuperating  at  their  homes; 
they  become  more  or  less  a  burden  to  their  families  if  they  are  very 
poor,  they  become  anxious,  worried,  and  discouraged,  and  in  this 
frame  of  mind  fall  easy  victims  to  the  wiles  of  speculative  lawyers, 
who  induce  them  to  undertake  unjust  damage  suits.  The  anxiety  and 
worry,  and  especially  damage  suits,  prolong  the  disability  of  the  patients 
far  beyond  the  reasonable  time  required  for  restoring  cases  of  this  kind 
to  their  work  and  wage  earning. 

Besides,  certain  measures  might  be  employed  in  these  convalescent 
homes  for  restoring  suspended  functions  to  limbs,  for  which  there  would 
be  no  time  in  a  general  hospital.  Massage,  passive  movements,  and 
electricity  might  be  skilfully  employed,  and  the  use  of  simple  gymnastic 
apparatus  prescribed  and  practised.  This  course  of  treatment,  together 
with  good  air,  good  simple  food,  good  water,  and  pleasant  surroundings 
would  undoubtedly  cut  short  the  period  of  disability  and  restore  many 
good  men  to  their  work  much  earlier  than  ordinarily.      Men  who  had 
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lost  a  limb  might  wait  in  the  convalescent  home  until  an  artificial  limb 
might  be  properly  adjusted,  and  at  the  same  time  gain  strength  by 
doing  light  work  in  the  grounds  and  gardens  attached  to  the  home. 

MEETINGS  OF  RAILROAD  SURGEONS. 

The  surgeons  of  a  railroad  line  or  system  should  meet  socially  at 
stated  intervals,  have  opportunities  to  discuss  the  surgical  work  on 
their  own  road,  and  compare  their  work  with  that  on  other  lines.  There 
should  be  at  least  one  general  annual  meeting,  while  the  surgeons  of 
each  division  should  meet  at  least  every  six  months.  Ever}'  three 
years  a  meeting  of  railroad  surgeons  of  a  whole  section  of  the  country 
should  be  established,  and  every  five  years  a  regular  formed  National 
Congress  of  Railroad  Surgeons  should  be  held. 

PREVENTIVE   METHODS   AND   FIRST   AID   IN    INDUSTRIAL  ESTAB- 
LISHMENTS. 

Much  may  be  done  in  preventing  accidents  also  in  factories,  mills, 
and  the  working  trades  generally.  The  United  States  is  lamentably 
behind  the  Continent  of  Europe  in  adopting  and  establishing  measures 
to  induce  the  employes  to  safeguard  themselves  from  injury  while  at 
work.  Many  individual  manufacturers  have  introduced  safety  appli- 
ances from  time  to  time  in  their  factories,  but  usually  they  have  been 
discontinued  because,  as  they  say, "  my  men  won't  use  them."  It  seems 
curious,  and  yet  it  is  true,  that  men  in  dangerous  employments  are  so 
careless  of  their  safety  that  it  requires  a  regular  system  of  education 
to  make  them  appreciate  the  value  and  to  employ  devices  invented  to 
prevent  and  lessen  injuries.  This  fact  is  so  thoroughly  appreciated 
that  now  in  several  parts  of  Germany,  in  France,  in  Austria,  and  in 
Holland  there  have  been  established  what  are  called  "Museums  of 
Security."  As  William  H.  Tolman,  director  of  the  American  Institute 
of  Social  Service,  says:  "The  Museum  of  Security  aims  to  become  a 
permanent  exposition,  not  only  of  devices  for  the  prevention  of  accidents 
of  laborers,  but  of  the  best  suggestions  originated  by  any  person  or 
institution  to  help  workmen  in  any  way."8 

These  Museums  of  Security  have  induced  inventors  to  devise, 
manufacturers  to  adopt,  and  laborers  to  use,  many  devices  to  prevent 
accidents  in  all  the  trades,  mills,  quarries,  and  mines.  In  the  United 
States  "five  of  the  States  have  enacted  laws  providing  against  accidents 
in  the  building  and  construction  trades — nine  States  require  factory 
operators  to  report  accidents  suffered  by  their  employes."9  Unfor- 
tunately, very  incomplete  data  are  furnished,  and  in  such  shape  that 
it  is  impossible  to  compile  accurate  statistics  from  them.  The  report 
from  the  New  York  State  Bureau  of  Labor  for  three  months,  which  I 
have  quoted,10  seems  the  nearest  approach  to  accuracy  and  completeness. 
It  is  for  so  short  a  time,  however,  that  one  hesitates  to  base  a  calculation 
upon  it.  These  figures  and  my  own  experience  in  the  midst  of  a  large 
manufacturing  community  indicate  unquestionably  that  accidents  are 
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numerous,  and,  furthermore,  that  many  of  these  could  be  prevented 
if  our  States  would  adopt  the  system  of  "Museum  of  Security' '  similar 
to  those  in  Berlin,  Munich,  Vienna,  Paris,  and  Amsterdam,  to  educate 
the  workmen  and  to  compel  the  employers  to  adopt  every  adequate 
mechanism  for  the  prevention  of  accidents. 

FIRST  AID  IN  FACTORIES  AND  MILLS  AND  MINES. 

As  I  stated  before,  mines  usually  have  surgical  staffs,  and  either 
their  own  hospitals  or  a  working  arrangement  with  some  hospital  in 
the  neighborhood  for  the  quick  reception  and  skilful  treatment  of  their 
employes.  As  was  also  stated  before,  mine  accidents  are  apt  to  produce 
frightful  and  multiple  injuries,  and  while,  to  a  great  extent,  they  escape 
the  infection  of  injuries  to  workmen  above  ground,  the  severity  of  the 
traumatism  produces  great  shock.  Early  and  careful  transportation 
is  necessary;  the  measures  for  the  prevention  of  hemorrhage  should  be 
promptly  employed.  As  a  rule,  this  first-aid  work  should  be  done  in 
the  mine  itself.  Miners  should,  therefore,  also  be  instructed  in  the 
elements  of  first  aid  to  the  injured.  It  is  a  pleasure  to  say,  to  the  credit 
of  the  largest  of  Pennsylvania  anthracite  producers, — the  Reading 
Coal  and  Iron  Co., — that  systematic  and  careful  instruction  has  been 
given  their  men  for  over  a  year  by  Dr.  George  Halberstadt,  of  Pottsville, 
and  the  result  has  been  most  gratifying  in  the  handling  of  injured 
miners  and  the  saving  of  much  suffering  and  of  many  lives.  The  fact 
that  factories  of  various  kinds  are  usually  located  so  near  towns  and 
cities  that  outside  surgical  aid  may  be  quickly  obtained  has  made  mill 
managers  slow  to  adopt  any  adequate  system  for  rendering  first  aid. 
The  usual  system  of  departments  in  mills  makes  it  comparatively  easy 
to  establish  a  regular  first-aid  system  within  their  own  walls.  That 
such  a  system  leads  to  great  good  I  know.  Some  years  ago  I  suggested 
to  an  officer  of  a  large  steel  mill,  which  employs  oyer  6500  men,  that  it 
took  so  long  for  our  hospital  ambulance  to  get  to  the  works  in  case  of  an 
injury  that  the  mill  ought  to  have  its  own  ambulance  and  be  properly 
fitted  up  with  some  aseptic  emergency  dressings.  This  was  promptly 
done.  It  soon  appeared,  however,  that  when  injuries  occurred  in  depart- 
ments some  distance  away  from  the  ambulance,  the  man  sometimes 
almost  bled  to  death,  or  the  wounds  were  further  soiled  by  attempts 
of  ignorant  workmen  to  cover  them  with  wearing  apparel  of  various 
kinds  before  the  ambulance  arrived.  It  was  then  suggested  that 
regular  dressing  stations  should  be  established  in  every  department  of 
the  mill,  and  that  each  of  these  stations  be  supplied  with  an  adequate 
kit  of  clean  dressings.  This  also  was  done.  Finally,  I  volunteered  to 
give  regular  instruction  to  heads  of  departments  and  to  selected  men 
in  first-aid  work;  this  was  promptly  accepted.  Now  this  mill  has  a 
regular  central  station  or  emergency  room,  and  in  every  department 
a  small  room  is  set  apart  for  first  aid,  and  in  every  department  there  is 
an  intelligent  man  who  has  seen  and  himself  practised  the  first  aid  to 
various  kinds  of  injuries.     The  good  result,  both  in  the  saving  of  limbs 
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and  of  life  and  in  the  morale  of  the  men,  has  been  very  gratifying 
indeed.  The  cost  of  establishing  these  dressing  stations  and  keeping 
them  properly  stocked  is  so  slight  that  mills  all  over  the  country  ought 
to  be  willing  to  establish  them. 

PECULIARITIES  OF  ACCIDENT  CASES. 

Railroad    Accidents. — Injuries  on  the  railroad  are  peculiar  only 
in  their  great  severity  and  the  multiple  character  of  the  injuries.     On 


Fig.  426.— The  Effect  of  Car-wheels  Passing  Oveh  Extremities. 
Complete  comminution  of  both  upper  extremities  in  their  upper  third. 


Fig.  427. — Injury  to  the  Skin  Produced  bt  Pressure  of  a  Car-wheel  Without  Actually 

Passing  Over  the  Extremities. 

The  wheel  pushed  the  extremity  along  and  pressed  it,  but  did  not  pass  over  it. 

this  account,  and  because  of  the  horror  so  commonly  preceding  and 
attending  these  injuries,  there  is,  as  a  rule,  more  shock  from  railroad 
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injuries  than  from  any  other  class  of  accidents.  Psychic  shock  is 
especially  severe.  Subcutaneous  lacerations  of  the  soft  tissue  of  a 
very  severe  character  are  common;  and  though  it  seems  a  little  para- 
doxic, it  is  true,  nevertheless,  that  severe  injury,  commonly  entire 
destruction  of  the  skin  of  a  section  of  a  limb,  with  very  slight  subcuta- 


Fig.  428. — Accident  from  Being  Caught  Between  Car  Bumpers. 
Crush  of  forearm  involving  chiefly  the  muscles  and   bones. 

neous  injury,  frequently  results  from  railroad  accidents.  Squeezing 
between  bumpers  or  between  the  ends  of  the  cars  produces  the  first, 
and  impact  of  a  wheel  as  it  pushes  a  member  along  a  rail  without  actually 
passing  over  it  causes  the  latter  form  of  injury. 


Fig.  429. — Accident  from  a  Car-wheel. 
The  same  injury-  as  shown  in  Fig.  4W).     The  plantar  surface  of  the  foot  in  split  in  several  jagged 
lacerations  and  the  soft  tissues  are  lacerated. 

Motor-car  injuries  are  very  similar  to  railroad  injuries.  The  one 
added  especial  danger  is  the  soiling  of  the  wounds  by  the  dust  of  the 
highway.  This  is  much  more  apt  to  produce  suppuration  in  the  wounds, 
as  it  is  exceedingly  difficult  to  clean  them  thoroughly  of  the  fine  foreign 
matter,  and  as  the  highways  over  which  horses  travel  are  infested  by 
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the  tetanus  bacillus,  these  patients  run  a  grave  risk  of  tetanus.     The 
greatest  care  should  be  exercised   in   dressing  these   wounds  to  get 

them  clean,  and  thoroughly  to 
wash  out  the  deep  recesses  of  the 
wounds.  When  practicable,  one 
should  not  close  them  by  su- 
tures for  several  days,  in  order 
to  expose  the  wounds  to  the  air 


Fig.  430. — Accident  from  a  Car-wheel. 
Dorsum  of  the  foot  shows  the  mark  of  the 
flange;  complete  destruction  of  the  skin,  though 
there  is  no  break  in  the  skin. 


Fir;.  431. — Railroad  Accident. 

Crush  of  the  heel  and  laceration  of  the  lower 

third  of  the  leg,  caused  by  car- wheel. 


and  sunlight  frequently.     The  tetanus  bacillus  is  an  anaerobic  variety, 
and  will  not  develop  unless  covered  up,  and  air  and  light  are  excluded. 


Fio.  432. — Comminution  of  the  Metatarsus  from  an  Accident  Caused  by  a  Heavy  Mass  of 
Steel  Falling  on  the  Dorsum  of  the  Foot. 

Steamboat  Accidents. — Steamboat  accidents  have  no  especial 
peculiarities  except  the  psychic  shock  which  commonly  belongs  to  a 
very  marked  degree  to  catastrophies  on  the  sea.  The  modern  steam- 
ship is  a  huge  machine  shop,  having  almost  all  the  known  mechanical 
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and  electric  contrivances.  The  accidents  which  occur,  barring  catas- 
trophies  to  the  hull,  are  of  the  kind  which  occur  in  any  large  factory  or 
machine  shop. 

Mill   and    Factory   Accidents. — Mills    and   factories   of    various 
kinds  produce  a  large  variety  of  injuries.      They  will  be  considered 


Fig.  433. — Accident  from   Revolving  Machinehy. 

Crush  of   the   forearm;  skin  torn   in   a   large   irregular  wound  and  di*.«ected    from  the  muscle*; 

muscles  extremely  lacerated;  drainage  by  canalization. 

under   the   general   classification   of   wounds.     Nothing   of   any   vital 
importance  distinguishes  them  as  a  class. 

Mine  and  Quarry  Accidents. — Multiple  or  complicated  fractures, 
and  explosion  wounds  are  the  especial  classes  of  injury  which  belong 
to  mine  and  quarry  accidents.     Fractures  of  the  vertebra?  are  especially 


Fig.  434. — Multiple  Burns  of  Varying  Degreeh  Produced  by  the  Splashing  of  Molten 

Metal. 


common  among  miners.  The  explosion  wounds  are  lacerations,  fre- 
quently very  extensive  and  severe,  with,  at  the  same  time,  severe  burns 
of  the  lacerated  area.  Very  marked  shock  is  always  an  early  feature 
of  the  injury;  the  lacerations  are  usually  very  numerous,  and  of  all 
degrees  of  severity.  Usually  the  skin  is  charred,  sometimes  almost 
to  a  crisp,  and  innumerable  particles  of  foreign  matters,  small  pebbles, 
vol.  v — .*><) 
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bits  of  coal  and  stone  are  driven  through  the  skin  into  the  subcutaneous 
tissues.  There  is  one  saving  grace  about  wounds  in  mines,  however — 
they  are  rarely  infected,  unless  through  the  carelessness  of  the  attending 
surgeon.  The  carbon  from  the  coal  mines  and  the  pebbles  from  other 
deep  mines  carry  no  septic  flora  into  the  wounds,  and  though  they 
look  dreadful  enough,  what  seem  to  be  desperate  cases  frequently  get 
well  if  they  are  tided  over  the  early  hours  of  injury. 

TREATMENT  OF  ACCIDENT  CASES. 

First  Aid. — It  has  been  frequently  stated  in  the  foregoing  pages  that 
the  treatment  of  an  injury  should  begin  immediately  after  the  accident — 
by  amateur  first  aid  if  no  surgeon  is  at  hand.  Simple  dressings  should 
be  kept  on  every  railroad  train,  on  every  steamer,  in  every  factory  and 
mine  for  this  purpose.  This  first  aid  should  consist  in  preventing 
hemorrhage,  if  necessary,  and  so  to  protect  an  open  wound  that  no 
further  soiling  will  occur,  and  to  immobilize  a  fractured  limb  so  that 
further  injury  from  the  broken  bones  and  excessive  pain  on  account 
of  movements  shall  not  occur.     Then  the  injured  person  should  be  sent 


Illustrating  the  Result  of  an  Accident  from  a  Fall  from  a  Height. 


Compound  dislocation  of  the  astragalus.     Complete  extrusion  of  the  astragalus  and  ends  of  the 
leg-bones.     Severe  contusion  of  the  other  foot. 

at  once,  if  practicable,  where  he  may  receive  adequate  surgical  attention 
and  permanent  treatment  and  dressings. 

After  nearly  every  serious  injury  which  has  occurred  during  the 
waking  period,  that  is,  when  the  victim  is  not  asleep,  there  is  more 
or  less  shock.  During  this  period  of  vasomotor  tetany  affecting  the 
peripheral  vessels  there  is  very  little  hemorrhage,  even  if  large  vessels 
be  severed.  When  reaction  takes  place,  however,  the  hemorrhage 
will  surely  begin.  It  is  extremely  important,  therefore,  that  measures 
to  control  hemorrhage  shall  be  employed  very  soon  after  the  injury, 
in  order  to  anticipate  and  to  prevent  hemorrhage.  If  a  surgeon  sees 
the  injured  person  during  this  stage  and  can  see  the  ends  of  large  vessels 
severed  in  an  open  wound,  he  should  ligate  the  vessels  at  once  if  he 
has   aseptic  ligatures  with  him,  and  if  he  can  do  it  without  loss  of 
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time.  A  person,  either  medical  or  lay,  who  is  not  accustomed  to  hand- 
ling fresh  wounds,  had  much  better  employ  elastic  constriction  for  the 
purpose  of  temporarily  controlling  hemorrhage.  If  no  rubber  tourniquet 
is  at  hand,  two  pairs  of  elastic  suspenders  may  be  used  for  this  purpose 
when  a  limb  is  injured.  If  no  elastic  bands  of  any  kind  can  be  obtained, 
a  large  clean  handkerchief  may  be  tied  about  an  extremity  and  then 
twisted  by  a  stick  thrust  under  the  handkerchief,  and  turned  until  all 
bleeding  ceases  (Spanish  windlass) ;  then  its  constriction  should  be  main- 
tained by  tying  the  stick  in  place. 

These  tourniquets,  whether  elastic  or  not,  are  very  painful,  and  they 
are  very  apt  to  kill  the  tissues  beneath  them  if  they  are  left  on  for  any 
length  of  time;  for  this  reason  they  should  be  applied  as  near  as  possible 
to  the  wound,  and  always,  when 
possible,  over  injured  tissues. 
A  large  wound  which  makes 
a  tourniquet  necessary  always 
involves  the  tissues  several 
centimeters  above  the  severed 
vessels;  a  tourniquet  may  be 
applied  6  cm.  above  the  appar- 
ent limit  of  a  large  wound  and 
not  occasion  any  added  loss  of 
limb  if  a  subsequent  amputa- 
tion becomes  necessary.  But 
it  must  be  remembered  that  a 
tourniquet  applied  too  close  to 
a  wound  which  has  severed 
nearly  all  the  soft  tissues  of  an 
extremity,  especially  a  tapering 
extremity,  will  slip  downward, 
and  the  blood-vessels,  released 
from  pressure,  will  bleed  even 
worse  than  if  no  tourniquet  had 

been  applied.  If  the  patient  will  surely  receive  permanent  surgical 
treatment  and  dressing  within  three  hours,  the  tourniquet  may  be 
applied  anywhere  above  the  wound;  within  this  time  no  lasting  harm 
will  result. 

If  the  bleeding  wound  is  on  the  trunk  or  head,  pack  the  wound 
closely  with  clean  gauze  or  perfectly  clean  handkerchiefs,  and  then 
hold  them  firmly  in  place  with  a  bandage;  this  will  usually  suffice.  In 
trying  to  control  hemorrhage  from  the  scalp  by  pressure  it  must  be 
remembered  that  so  long  as  large  clots  remain  under  the  scalp  between 
it  and  the  bone  it  will  be  impossible  to  control  the  hemorrhage.  These 
clots  may  usually  be  pressed  out  by  firmly  pressing  the  scalp  down  upon 
the  bone,  beginning  about  4  cm.  from  the  edges  of  the  wound  and 
gradually  approaching  the  wound  from  either  side.  When  this  is  done, 
a  large  compress  of  gauze  should  be  laid  immediately  over  the  wound 
and  firm  pressure  made  upon  it  by  a  bandage  which  will  also  hold  it  in 


Fig.  436. — View  ok  the  Back  ok  a  Yovno  Girl 
akter  Very  Severe  Burn  Cavhed  by  a  Flame. 
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place.  For  temporarily  immobilizing  limbs  after  fractures  pieces  of 
clean  boards,  or  bundles  of  twigs  or  straw,  may  be  used  for  splints.11 
Or,  if  nothing  else  is  at  hand,  canes  or  umbrellas  of  bystanders  may 
sometimes  be  employed.  In  the  absence  of  any  such  mechanical 
means,  in  a  case  of  fracture  of  the  upper  extremity,  it  may  be  fixed  to 
the  side  of  the  body  by  a  bandage  improvised  from  anything  which  will 
go  around  the  chest  and  abdomen — handkerchiefs,  strips  of  petticoats, 
shirts,  or  what  not.  Another  way  is  to  split  the  sleeve  longitudinally, 
then  pin  this  over  the  extremity  to  the  side  of  the  coat.  This  coat 
must  be  buttoned  up  closely  over  the  chest  (Fig.  438).  In  the  similar 
absence  of  any  possible  thing  to  use  as  a  splint  for  a  fractured  lower 
extremity  it  may  be  fastened  to  its  fellow  by  bandages  or  hand- 
kerchiefs, or  by  pinning  the  trouser   leg  or  drawers    of  the  injured 


Fit*.  437. — Side  View  ok  a  Young  Girl  after 
Very  Severe  Burn  Caumed  by  a  Flame. 


Fig.  438. — Fixation  of  the  Upper  Ex- 
tremity to  the  Side  of  the  Chest 
by  Meanh  of  a  Split  Coat-sleeve. 


member  to  that  of  the  uninjured  side.  In  rendering  first  aid  for  a 
fracture  of  bones  of  either  the  upper  or  lower  extremity,  unless  there 
is  hemorrhage,  the  sleeves,  and  in  a  man  the  trouser  legs,  should 
not  be  cut  or  removed,  for  these  act  as  padding  for  the  splints.  Un- 
necessary removal  of  clothing  is  apt  to  result  also  in  chilling  the 
patient.  This  is  true  in  any  case,  but  when  it  is  absolutely  necessary 
the  clothing  must  be  removed.  Whenever  there  is  hemorrhage  the 
clothing  jnust  always  be  sufficiently  cut  to  inspect  the  wound  and  to  judge 
of  its  character. 

In  the  caseof  aninjured  woman,  her  corsets  should  always  be  loosened 
in  order  to  give  her  more  freedom  of  respiration,  but  if  her  ribs  have 
been  fractured,  it  will  be  best  to  fasten  the  corsets  again  before  she  is 
transported. 
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A  matter  of  great  importance  is  the  covering  of  injured  people  during 
transportation.  Great  harm  may  be  done  by  using  very  much  soiled 
coverlets  or  blankets;  especially  is  it  important  never  to  use  horse  blankets 
to  cover  human  beings  who  have  open  wounds.  This  applies  especially 
to  wounds  of  large  areas — for  instance,  burns.  I  have  had  several  cases 
of  tetanus  develop  after  burned  cases  had  been  brought  to  the  hospital 
covered  by  horse  blankets.  The  patients  should  be  kept  warm  by 
sufficient  covering,  but  the  layer  immediately  over  their  skin  should 
be  clean. 

I  cannot  emphasize  too  strongly  the  vital  importance  of  never 
attempting  exploration  of  wounds  and  reduction  of  fractures  at  the 
scene  of  accident  amid  doubtful  surroundings,  with  probably  soiled 
skin  (both  the  patient's  skin  and  the  surgeon's  hands)  and  no  adequate 
facilities  for  cleaning  the  wound  or  for  splinting  or  immobilizing  the 
limb.  It  should  be  taken  as  an  axiom  that  all  accidental  wounds  are 
infected.  In  this  day  of  clean  surgical  methods  it  is  criminal  to  inves- 
tigate the  extent  and  character  of  a  wound  by  thrusting  the  finger  into 
the  wound  at  the  scene  of  the  accident.  I  have  seen  more  deplorable 
consequences  follow  the  well-meant  but  thoughtless  explorations  of 
eager  young  surgeons,  than  from  almost  any  other  untoward  feature  of  an 
ordinary  injury.  Medical  schools  should  teach  incipient  surgeons  that 
attempts  at  careful  differentiations  by  the  wrayside  are  indications  of 
ignorance,  and  that  this  stupidity  leads  to  death.  Except  in  a  general 
way,  and  only  for  the  purpose  of  meeting  the  immediate  indications, 
no  attempt  to  find  out  its  whole  extent  and  exact  nature  of  the  injury 
should  be  made  until  the  patient  has  been  carried  to  a  clean  place,  or 
after  careful  washing  and  disinfection  of  the  wound  and  its  imme- 
diate surrounding  or  connecting  skin;  and  especially  not  until  the 
surgeon  shall  have  carefully  washed  and  disinfected  his  own  hands. 
If  practicable,  seriously  injured  people  should  always  be  treated  in  a 
properly  equipped  hospital. 

Transportation. — Unless  the  accident  has  occurred  where  it  is 
possible  to  obtain  a  regular  ambulance  service  and  a  good  stretcher, 
some  provision  must  be  made  for  carrying  the  patient.  Frequently 
it  is  recommended  to  employ  a  door  or  a  shutter  for  this  pur- 
pose. This  is  a  barbarous  thing  to  do,  because  it  is  exceedingly 
difficult  for  the  bearers  to  retain  their  grasp  on  the  shutter  or  door  as 
it  is  ordinarily  carried;  they  must  stop  and  exchange  hands  frequently 
and  they  must  also  rest  now  and  then.  Every  time  one  of  the  bearers 
changes  the  position  of  his  hand,  the  rigid  door  or  shutter  is  tilted;  this 
causes  a  rolling  of  the  patient  about  on  the  rigid  surfaces  and  greatly 
increases  his  suffering.  Besides,  it  is  very  hard  to  walk  any  distance 
alongside  of  a  door  or  a  shutter  carrying  a  heavy  man.  The  proper 
way  to  carry  a  door  or  shutter  with  an  injured  person  on  it  is  for  four 
men  about  equally  tall  to  carry  the  corners  of  it  on  their  shoulders.  This 
is  apt  to  frighten  the  injured  person  considerably  on  account  of  the 
height;  with  a  very  nervous  person,  this  position  would  be  quite  impos- 
sible.    It  is  so  easy  to  improvise   a  stretcher  by  thrusting  two  poles 
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through  the  sleeves  of  two  coats,  and  then  wrapping  the  tails  of  the 
coats  around  the  poles  above  and  below,  and  securing  them  by  pins, 
wire  nails,  or  other  means.  The  poles  may  be  of  any  kind,  not  too 
heavy  and  not  too  short,  and  their  elastic  strength  and  resistance  must 
be  carefully  tested  before  they  are  used.  The  essential  point  in  making 
this  arrangement  is  to  see  that  the  shoulders  of  the  two  coats  meet  one 
another  in  the  center  of  the  improvised  stretcher;  in  this  way  the 


Fig.  439. — Improvised  Stretcher. 
Two  men's  coats  are  used,  the  sleeves  turned  wrong  side  out;  two  poles  are  thrust  through 
the  sleeves,  and  the  skirts  of  coats  are  turned  over  the  poles  and  pinned  in  position.     Thongs  of 
leather,  cord,  etc.,  or  small  wire  nails  may  be  used  to  fasten  the  coat-tails  instead  of  the  pin. 

buttocks  of  the  patient  and  the  greatest  weight  will  fall  where  the 
strongest  part  of  the  stretcher  is,  viz.,  in  the  middle  (Fig.  440).  It 
must  always  be  remembered  that  stretcher-bearers  should  never  walk 
in  step,  but  should  glide  or  shuffle  along.  On  the  other  hand,  when 
two  men  are  carrying  an  injured  person  in  their  arms  by  grasping  him 
under  his  shoulders  and  by  his  thighs,  they  must  always  walk  in  step. 


Fio.  440. — The  Improvised  Coat  Stretcher  in  Use. 
Note  that  the  shoulders  of  the  coats  come  together  in  the  middle  of  the  stretcher,  where  the  buttocks 
of  the  patient  rest,  the  strongest  part  thus  bearing  the  greatest  weight. 

Permanent  Treatment  and  Dressings.— The  first  thing  the  sur- 
geon who  makes  the  first  careful  investigation  should  do  in  all  accident 
cases  is  to  ascertain  if  all  bleeding  has  been  controlled.  I  have  known 
neglect  to  do  this  to  cost  several  lives.  If  hemorrhage  continues, 
this  must  be  controlled  before  anything  else  is  done. 

When  hemorrhage  is  absolutely  controlled,  the  next  thing  is  to  ascer- 
tain the  physical  condition  of  the  injured  person.  Inexperienced  surgeons 
are  frequently  so  eager  to  begin  attending  to  the  wounds  that  they 
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entirely  forget  the  mounded  person.  They  go  through  the  very  long 
and  proper  aseptic  technic  necessary  for  the  local  injury,  and  are 
astonished,  when  the  dressing  is  completed,  to  find  the  patient  dead. 

After  very  serious  injury,  and,  indeed,  I  believe  before  many  injuries, 
the  victim  is  in  a  condition  of  shock  (Vol.  I.,  p.  922).  The  condition 
called  shock  may  be  brought  about  by  three  causes — namely,  first, 
emotion,  i.e.,  that  produced  by  mental  effect,  I  call  this  psychic  shock; 
second,  injury  to  the  nervous  centers;  third,  hemorrhage. 

Psychic  shock  usually  precedes  the  injury.  It  is  the  condition 
brought  about  by  the  terror  a  conscious  person  has  of  a  seemingly 
inevitable  and  dreadful  catastrophe.  It  is  a  condition  of  total  anes- 
thesia. A  person  falling  from  a  great  height;  a  brakeman  with  his  feet 
caught  in  the  frog  of  a  switch  and  moving  cars  coming  down  upon  him ; 
the  workman  whose  clothes  are  caught  on  the  shaft  of  revolving 
machinery  and  who,  as  he  believes,  is  being  dragged  inevitably  to  his 
doom — all  these  fall  into  a  condition  of  nervous  tension  which  brings 
about  the  condition  of  psychic  shock  and  which  deprives  the  individual 
absolutely  of  all  feeling;  and  when  the  awful  and  dreadful  moment  does 
come,  the  injury  is  absolutely  not  felt  at  all.  I  have  time  and  again 
questioned  men  who  have  been  frightfully  injured  under  conditions 
such  as  I  have  indicated,  and  always  they  have  said  they  did  not  feel 
the  crush  at  all.  Even  if  no  injury  actually  occurs,  when  the  mind  has 
been  so  wrought  upon,  the  condition  of  shock  is  just  as  profound.  *  This 
shock  lasts  a  variable  period,  according  to  the  individual.  It  is  retro- 
active. I  have  many  times  known  it  to  occur  with  impressionable 
individuals  some  time  after  an  injury  by  recalling  the  scenes  and  horrors 
of  the  accidents.  This,  I  think,  explains  many  cases  of  so-called 
"delayed  shock."  This  Variety  of  shock  is  lessened  by  an  anesthetic, 
for  the  pulse  and  the  arterial  tension  generally  improve  under  the 
anesthetic  when  an  operation  is  undertaken.  The  other  forms  of  shock 
are  discussed  in  Chapter  XVIII. 

In  treating  shock,  one  must  find  out,  if  possible,  what  has  produced 
the  shock.  The  absence  of  any  serious  wound  to  the  head  or  spinal 
column,  and  the  fact  that  no  great  hemorrhage  had  taken  place,  would 
suggest  psychic  shock.  For  this  form  measures  to  restore  heat  to  the 
surface,  and  the  relaxing  and  soothing  effect  of  a  full  dose  of  morphin 
with  atropin  given  hypodermatically,  will  diminish  the  immediate 
urgency  of  the  symptoms.  In  case  an  operation  is  necessary,  ether, 
as  a  rule,  may  be  given  safely,  and,  as  I  said  before,  the  pulse  will 
improve  and  the  color  become  better  under  the  anesthetic.  Afterward 
the  greatest  care  must  be  observed  to  keep  all  suggestions  of  the  circum- 
stances of  the  accident  away  from  the  patient. 

The  second  variety  of  shock  requires  careful  and  prolonged  treat- 
ment.    This  is  given  in  Vol.  I.,  p.  938. 

The  third  variety,  viz.,  from  hemorrhage,  is  the  one  which  is  the 
most  difficult  to  manage.  This  acute  anemia  is  a  most  dangerous  con- 
dition. Except  the  necessary  manipulations  and  measures  for  abso- 
lutely controlling  hemorrhage  and  introducing  saline  solution  or  blood, 
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no  sort  of  operation  should  be  attempted  during  this  condition.  (See 
Vol.  I.,  p  938.)  Crile  has  recently  suggested  direct  blood  infusion 
by  anastomosing  an  artery  of  the  donor  with  a  vein  of  the  patient. 

After  hemorrhage  has  been  controlled,  and  if  the  general  condition 
of  the  patient  will  permit,  the  clothing  should  be  removed.  This  should 
be  done  with  very  little  disturbance  of  the  patient  in  every  case,  the 
clothing  being  removed  from  the  sound  arm  or  leg  first,  and  if  replaced, 
put  on  the  injured  limb  first.  But  in  bad  cases  the  clothing  should  be 
cut  off  and  not  be  drawn  over  the  extremity,  as  this  requires  too  much 
movement  and  effort  for  the  patient.  In  every  case  the  clothing 
should  be  cut  from  any  badly  injured  limb. 

It  is  presumed  that  the  surgeon  has  a  room  provided  with  plenty 
of  hot  sterile  water  and  with  at  least  one  of  the  ordinary  antiseptics — 
either  phenol,  mercuric  chlorid,  or  formaldehyd  solution.  A  douche 
or  irrigating  apparatus  is  also  necessary,  and  a  sufficient  supply  of  sterile 
absorbent  gauze  and  cotton,  besides  roller  bandages.  Splints  may  be 
improvised.  A  table  will  be  a  great  convenience,  although  not  abso- 
lutely necessary.  A  piece  of  rubber  cloth  one  yard  square  to  put  under 
the  injured  part  and  catch  the  water  used  in  washing  and  douching 
is  also  a  great  convenience.  By  turning  up  the  edges  of  this  rubber 
cloth  and  keeping  them  elevated  by  some  cloths  rolled  into  a  large  rope 
and  laid  underneath,  a  receptacle  and  gutter  may  be  made  which  will 
catch  and  drain  the  fluids  off  into  a  catch  basin  or  pail,  and  thus  save 
inundating  the  table  and  floor  of  the  dressing-room. 

After  everything  necessary  for  the  dressing  is  ready  at  hand,  the 
outer  clothing  all  removed,  and  the  patient  covered  by  clean  warm 
blankets  as  thoroughly  as  the  situation  and  nature  of  his  wounds  will 
permit,  the  surgeon  should  remove  the  temporary  first-aid  dressings,  cover 
the  wound  with  fresh  sterile  gauze  or  towels,  and  then  carefully  wash  the 
surrounding  skin  with  some  soft  soap  or  fluid  soap — never  with  a  cake 
of  soap.  If  soap  in  a  cake  is  the  only  kind  to  be  had,  it  will  be  best  to 
shave  this  off  with  a  knife  and  liquefy  it  in  one-fourth  alcohol  and  three- 
fourths  water,  then  use  this  fluid  soap  by  pouring  it  on  a  packet  of  gauze. 
If  very  much  soiled  with  oily  soot,  turpentine  may  be  used  to  remove  it. 
Shave  the  part  carefully  and  thoroughly,  scrub  the  skin  by  rubbing  in 
the  soap,  then  with  a  ball  or  wad  of  gauze  and  sterile  water  thoroughly 
scrub  off  the  soap  and  dirt;  be  careful  always  to  rub  in  a  direction  away 
from  the  wound  during  the  scrubbing  process,  so  that  the  suds  and  dirt 
shall  not  be  brought  into  the  wound.  Three  or  more  applications  of 
soap  and  scrubbing  will  be  necessary.  Wash  off  with  sterile  water, 
then  wash  with  ether.  Next  wash  thoroughly  with  1 :  60  phenol  solu- 
tion or  1 :  1000  formalin  or  bichlorid  of  mercury  solution.  If  the  operat- 
ingsurgeon  has  conducted  the  foregoing  cleansing,  he  must  now  stop  and 
carefully  wash  and  disinfect  his  own  hands;  if  an  assistant  has  done 
the  washing  of  the  patient,  the  surgeon  should  now  be  prepared  with 
sterile  hands  to  go  on  with  the  further  manipulations.  The  covering 
of  the  wound  should  now  be  removed,  and  the  wound  be  thoroughly 
irrigated,  first  with  simple  hot  saline  solution  to  remove  all  loose  matter, 
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and  then  very  careful  douching  should  be  done  with  a  warm  1 :  1000 
mercuric  bichlorid  solution  or  1:  5000  formaldehyd  solution.  This  last 
is  very  painful  in  many  cases,  as  the  formaldehyd  is  very  irritating 
unless  the  patient  is  anesthetized.  These  disinfectant  solutions  should 
go  into  every  part  and  crevice  of  the  wound;  they  may  afterward  be 
washed  out  with  a  hot  sterile  saline  solution.  Now  the  surgeon,  wit! 
hands  resterilized,  or  with  sterile  rubber  gloves  on  his  hands,  should 
carefully  investigate  the  extent  and  severity  of  the  wound,  and  decide 
what  is  necessary  to  be  done. 

In  case  a  limb  is  crushed  completely  off,  it  is  not  necessary  to  attempt 
any  cleansing  of  the  begrimed  and  lacerated  tissues  at  the  end  of  the 
stump.  This  stump-end  should  be  carefully  covered  with  thick  layers 
of  aseptic  gauze,  held  in  place  by  stitches  through  the  skin  or  by  a 
tight  bandage,  and  the  tourniquet  should  be  kept  on  until  the  tissues 
are  removed  by  amputation.  No  septic  absorption  will  take  place  if  this 
is  done.  In  case  amputation  of  a  crushed  limb  is  necessary,  the  cleans- 
ing and  disinfecting  processes  just  mentioned  should  be  used  over  the 
skin  of  the  extremity  above  the  crush,  and,  lastly,  it  should  be  further 
disinfected  by  a  saturated  solution  of  potassium  permanganate,  and  this 
be  washed  off  with  a  solution  of  oxalic  acid.  Then  the  amputation 
should  be  done  immediately,  the  patient  having  been  anesthetized 
before  the  cleansing  was  begun. 

The  question  with  major  accident  cases  is  not,  as  a  rule,  whether 
one  shall  operate  or  not,  for  some  operation  must  always  be  done  after 
most  major  accidents:  it  is  rather  how  much  of  an  operation  should  be 
done  and  is  any  radical  operation  called  for.  While  it  is  true  that 
every  ordinary  major  wound  resulting  from  accidents  is,  ipso  facto, 
a  soiled  and  infected  wound,  and  while  it  is  in  a  great  many  cases 
impracticable  thoroughly  to  disinfect  the  wounds  unless  an  ablation 
of  the  part  is  done,  nevertheless  some  very  dreadful  wounds  do  extremely 
well,  and  apparently  hopeless  injuries,  as  regards  the  life  and  usefulness 
of  a  limb,  get  well  with  fairly  good  function.  I  would,  therefore,  lay 
down  the  rule  that  in  case  hemorrhage  may  be  controlled  without  the 
prolonged  use  of  a  tourniquet,  and  good  disinfection  may  be  obtained, 
in  case  of  doubt,  do  only  conservative  operations  after  a  fresh  injury 
and  wait  for  developments. 

As  regards  the  question  of  amputation  in  injuries  of  the  extremities, 
in  a  general  way,  whenever  more  than  6  cm.  of  the  shaft  of  the  bone 
of  a  limb  is  crushed,  in  view  of  the  injury  to  the  soft  tissues,  which  the 
crushing  force  always  produces  in  compound  comminuted  fractures, 
amputation  is  necessary.  If  the  principal  vessels  high  up  in  the  arm 
or  thigh  are  torn  in  cases  of  severe  lacerated  and  contused  wounds  of 
the  arms  and  thigh,  an  amputation  will  be  required.  In  this  con- 
nection one  should  always  bear  in  mind  the  possibility  of  suturing  or  ot 
anastomosing  the  torn  vessels,  as  suggested  by  Carrel.12  13  If  the  tissues 
on  the  outer  half  of  the  arm,  or  posterior  and  external  half  of  the  thigh, 
were  not  badly  injured.  I  should  ligate  the  vessels  and  wait. 

In  cases  of  very  severe  lacerated  and  contused  wounds  of  the  extrem- 
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ities,  when  the  vessels  and  nerves,  together  with  the  muscles  of  half 
the  limb  are  crushed,  amputation  will  be  necessary.  When  the  skin  of  two- 
thirds  of  the  periphery  of  a  limb,  though  not  broken,  has  been  crushed 
and  there  is  severe  comminution  of  the  muscles  immediately  beneath, 
an  amputation  is  inevitable.  Circular  or  annular  comminutions  and 
lacerations  of  the  tissues  nearly  always  require  amputations.  Severe 
comminution  of  the  muscles  is  not  an  indication  for  amputation.  Severe 
lacerated  wounds  running  longitudinally  or  obliquely  along  the  axis 
of  a  limb,  though  they  involve  all  the  soft  tissues  on  that  side,  and 
though  they  extend  through  the  whole  forearm  and  arm,  or  the  leg 
and  thigh,  are  not  indications  for  amputations. 

Conservative  operations  should  be  done  immediately  in  every  case 
of  doubt,  or  in  which  they  are  unmistakably  indicated,  unless,  as  I  have 
said  before,  the  patient's  condition  is  such  that  no  operation  can  be 
done.  These  operations  are  themselves  frequently  of  major  importance. 
Injuries  to  the  head,  for  instance,  may  require  removal  of  fragments 
of  bone  and  blood-clots  from  the  cerebral  tissues,  clearing  out  detritus, 
making  provision  for  drainage,  and  doing  some  heteroplastic  operation 
for  closing  the  dura  mater  and  the  walls  of  the  cranium. 

Injuries  to  the  thorax  may  require  exsection  of  jagged  ribs  which 
are  puncturing  the  lungs,  evacuation  of  fluid  and  clotted  blood  from  the 
pleural  cavity,  and  suturing  the  pulmonary  to  the  parietal  pleura  to 
prevent  collapse  of  the  lung. 

Injuries  to  the  abdomen  not  infrequently  require  celiotomy  and 
suturing  of  lacerated  viscera,  occasionally  of  exsections  of  a  viscus, 
cleansing  of  the  peritoneal  cavity,  and  drainage. 

Injuries  to  the  limbs  frequently  require  immediate  suturing  of  torn 
tendons  and  nerves,  suturing  or  ligation  of  blood-vessels,  fixation  of 
bones  by  wire  or  plate  or  nails,  and  suturing  of  muscles  and  large  areas 
of  skin. 

The  cardinal  principles  in  all  this  work  are,  first,  cleanliness  as 
nearly  perfect  as  possible;  second,  bloodless  methods  of  operating; 
third,  good  drainage. 

TREATMENT  OF  VERY  SEVERE  AND  MULTIPLE  INJURIES. 

The  general  treatment  of  wounds  is  discussed  in  Vol.  I.,  p.  882. 
Though  the  conditions  which  belong  to  this  chapter  are  those  of  mul- 
tiple injuries,  and  usually  of  a  complicated  kind,  the  same  general 
principles  apply.  Multiple  injuries  lower  the  general  resistance  and 
reduce  the  opsonic  index  of  the  individual  so  much,  however,  that  these 
wounds  are  much  more  liable  to  suppurate.  It  is  necessary  always 
to  exercise  extreme  care  in  cleansing  and  disinfecting  the  wounds  and 
their  surroundings,  to  save  every  possible  drop  of  blood,  and  always 
to  procure  the  best  possible  drainage.  Large  mass  aseptic  dressings 
should  be  put  on,  and,  when  practicable,  rest  of  the  part  should  be 
secured  by  splints  or  careful  bandaging. 

One  class  of  injuries  should,  however,  have  at  least  separate  men- 
tion— those  produced  by  explosions.    These  injuries  are  lacerations  of  all 
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degrees  of  severity,  and  at  the  same  time  burns  of  the  lacerated  areas. 
The  lacerations  may  be  very  extensive  and  multiple.  Thus,  I  have 
seen  avulsion  of  a  hand  and  very  extensive  laceration  of  a  shoulder 
and  dreadful  multiple  lacerations  of  the  face,  as  well  as  scorching  of 
all  these  areas,  in  the  same  individual.  The  large  lacerations  and 
avulsions  need  no  special  mention.  Cases  of  innumerable  punctate 
lacerations,  if  one  may  so  describe  them,  with  severe  burning,  result 
from  blasting  powders.  The  exposed  parts,  the  face,  neck,  hands,  and 
forearms,  are  usually  especially  involved.  The  lacerated  punctures 
are  produced  by  small  bits  of  pebbles  or  bits  of  coal,  which  are  driven 
through  the  skin  by  the  explosion  and  lodged  in  the  subcutaneous 
tissues.  These  bits  vary  in  size  from  a  millet-seed  up  to  pieces  the  size 
of  a  hazel-nut,  t.  e.y  about  1  cm.  in  diameter  The  eyes  are  frequently  in- 
volved and  destroyed  (Fig.  441).  These  cases  are  usually  tremendously 
shocked.     Unless  the  explosion  has  occurred  on  the  surface  of  the 
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Fig.  441. — Explosion  Accident. 

Whole  face  and  neck   riddled  by   punctate  laceration**.     Several  hundred  bits  of  s«tone  are  buried 

in  the  subcutaneous  tissues*.     Destruction  of  both  eyes. 

ground,  the  bits  of  mineral  matter  driven  into  the  subcutaneous  tissues 
may  produce  no  suppuration,  but  they  will  produce  very  marked 
discoloration  if  allowed  to  remain.  They  should  always  be  removed 
from  the  face  and  eyes.  On  account  of  the  weak  condition  of  the 
patient,  this  cannot  all  be  done  at  the  first  permanent  dressing,  as  the 
process  is  a  very  tedious  one  and  often  very  painful;  nor  can  efficient 
bathing  be  employed.  The  charring  of  the  skin,  however,  sterilizes  it 
quite  effectually,  unless  some  soiled  application  has  been  made  to  the 
injured  area.  It  is  best  at  the  first  dressing  only  carefully  to  investigate 
and  remove  the  pebbles,  powder,  etc.,  from  the  eyes,  and  bathe  them 
carefully  with  a  saturated  boric  acid  solution,  and  then  hurriedly  go  over 
the  other  areas  with  a  1  per  cent,  solution  of  dioxid  of  hydrogen  and 
apply  a  dry  aseptic  dressing.  After  a  few  days,  when  the  superficial 
layers  of  the  skin  which  have  been  burned  begin  to  come  away,  the 
punctures  may  each  be  investigated  and  the  stones,  etc.,  removed  with 
forceps. 
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GENERAL  EFFECTS  OF  MULTIPLE  INJURIES. 

On  the  Vascular  System. — First,  serious  wounds  always  lower 
the  blood-pressure.14  Second,  multiple  injuries  also  markedly  lessen 
the  quantity  of  oxygen  in  the  blood.15  This  may  be  due,  in  part,  to  the 
slow,  shallow  respiration,  but  undoubtedly  it  is  also  due,  in  part,  to  the 
loss  of  red  blood-corpuscles  and  to  the  inhibited  cellular  action  which 
occurs  immediately  after  a  serious  injury.  Unless  the  patient  is  almost 
exsanguinated,  the  blood  is  much  darker  than  it  should  be. 

This,  by  the  way,  is  a  strong  reason  for  not  using  chloroform  as  an 
anesthetic  after  multiple  or  very  serious  injuries. 

On  the  Respiratory  System. — The  respiratory  function  is  usually 
much  depressed.  Respiration  is  slow,  shallow,  and  incomplete.  Yawn- 
ing may  occur  frequently  in  order  to  supplement  the  incompetent 
inspiration. 

On  the  Nervous  System.— Decided  dulling  of  both  tactile  and 
sensory  functions  is  usual,  and  all  afferent  impulses  are  slow  and  fre- 
quently irregular.  Coordination  is  good,  but  slow.  The  nerves  of 
special  sense,  especially  those  of  hearing,  smell,  and  taste,  besides  the 
tactile  nerves,  are  frequently  so  obtunded  that  they  seem  for  the  time 
paralyzed. 

On  the  Muscular  System. — General  and  complete  relaxation  of  the 
muscles  is  the  rule.  The  sphincters  are  so  relaxed  that  involuntary 
passages  of  feces  and  urine  frequently  occur. 

On  the  Secreting  Organs. — The  digestive  organs  are  weak,  the 
saliva  and  the  gastric  and  intestinal  juices  are  diminished,  and  the 
actions  of  the  liver  and  pancreas  are  very  much  diminished.  Consti- 
pation usually  occurs,  stools  are  hard  and  light  colored,  and  I  have 
frequently  noted  temporary  glycosuria. 

On  the  Excreting  Organs.— Skin.— At  first  the  action  of  the  skin 
is  also  markedly  diminished.  After  reaction  takes  place  the  sweat- 
glands  are  sometimes  unusually  active.  Very  marked  sweating  occurs 
in  many  cases  after  some  multiple  injuries  for  two  or  three  days. 

On  the  Kidneys. — In  order  to  determine  the  effects  of  severe  and 
multiple  injuries  on  the  kidneys  I  had  a  series  of  careful  examinations 
made,  and  found  that  the  quantity  of  urine  for  the  first  week  after  the 
injury  is  nearly  always  diminished — in  very  bad  cases  markedly  so. 
Reaction  is  oftenest  alkaline.  Uric  acid  is  usually  increased.  Urea 
is  markedly  diminished.  The  degree  of  variation  of  the  chlorids  is 
not  especially  important.  The  total  solids  are  lessened,  especially  in 
bad  cases.  Burns  frequently  develop  temporary  nephritis.  Bad  frac- 
tures sometimes  have  leukocytes  and  degenerated  red  blood-corpuscles 
as  well  as  excess  of  urates  in  the  urine.  Albumin  very  rarely  appears, 
except  when  nephritis  develops  after  burns.  As  a  rule,  the  microscopic 
findings  are  not  important,  except  after  fractures  of  large  bones  or 
of  several  bones,  as  noted  above. 
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THE  RELATIVE  FREQUENCY  OF  THE  VARIOUS  KINDS  OF  INJURIES. 

There  are  no  reliable  statistics  published  to  show  the  relative  number 
of  injuries  of  various  kinds  which  result  from  accidents.  In  order 
to  determine  this  point  I  have  analyzed  4065  accident  cases  which  have 
been  treated  in  my  service  at  St.  Luke's  Hospital,  South  Bethlehem,  Pa. 
In  this  service  have  been  accidents  from  railroads,  factories  of  various 
kinds,  coal-mines,  and  various  kinds  of  quarries,  besides  all  sorts  of 
accidents  of  home  life. 

There  were: 

Burns 285 

Contusions 510 

Lacerations 640 

Comminutions 499 

Avulsions 232 

Fracture*  {  ggj^  or  romplicate(1;^  } !«» 

Dislocations 85 

Sprains 78 

Gunshot  wounds 99 

Incised  wounds 52 

Total 1065 

One  notes  in  going  over  these  figures  that  fractures  were  more  than 
twice  as  frequent  as  any  other  one  variety  of  injury;  the  compound  and 
complicated  fractures  outnumbered  the  simple  fractures. 

Next  to  fractures,  lacerated  wounds  were  most  frequent;  then  came 
contused  wounds  and  comminutions;  burns  and  avulsions  are  very 
close  together;  dislocations,  sprains,  gunshot,  and  incised  wounds 
were  comparatively  few;  3245  of  the  cases  were  treated  conservatively; 
53  of  these  cases  were  admitted  in  hopeless  (moribund)  conditions. 
Leaving  these  out  of  account,  there  were  127  deaths,  or  4.08  per  cent, 
mortality  of  cases  treated  conservatively.  The  average  number  of 
days  for  each  patient  in  the  hospital  of  the  cases  treated  conservatively 
was  23.03. 

Eight  hundred  and  twenty  of  the  cases  required  amputations. 

There  were  726  single  amputations,  with  a  mortality  of  4.95  per  cent. 
There  were  84  double  amputations,  with  a  mortality  of  14.28  per  cent. 
There  were    10  triple    amputations,  with  a  mortality  of  30.00  per  cent. 

The  average  number  of  days  in  the  hospital  of  amputation  cases  was 
22.6. 

The  above  figures  show  that  conservative  measures — that  is,  efforts 
to  save  an  injured  member  without  amputation — resulted  in  a  lower 
mortality  than  did  amputations.  Amputations  were  followed  by  a 
mortality  of  20.4  per  cent,  of  all  the  injuries  requiring  amputation, 
while  the  mortality  of  the  cases  treated  conservatively  was  only  4.08 
per  cent.  Even  simple  amputations  show  a  higher  rate  of  mortality 
(4.95  per  cent.)  than  that  following  conservative  treatment  (4.08  per 
cent.)-  Amputation  is  resorted  to  in  my  service  only  in  cases  which  seem 
to  present  absolutely  no  hope  of  saving  the  limb.     These  cases  may  be 
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regarded  as  of  a  severer  type  of  injury,  and,  as  a  rule,  they  had  lost  a 
great  deal  of  blood  before  they  arrived  at  the  hospital.  The  higher 
mortality  after  amputations  may  be  thus  accounted  for.  The  average 
number  of  days  in  the  hospital  is  1.43  less  for  the  amputation  cases. 
This  is  so  little,  however,  that  it  offers  no  argument  against  conservatism. 
As  the  saving  of  time  is  a  very  important  element  in  operating  on 
severe  and  multiple  injuries,  synchronous  operations  should  always  be 
done  when  one  has  an  assistant  who  has  sufficient  training  to  do  one 
of  the  indicated  operations  properly  and  expeditiously.  I  found  this 
synchronous  method  of  operating  materially  reduced  the  mortality 
in  my  own  cases. 

RESULTS  AND  SEQUEUE  OF  SEVERE  MULTIPLE  INJURIES. 

Of  the  cases  the  statistics  of  which  have  just  been  given,  only  20 
of  the  conservatively  treated  are  recorded  as  unimproved — 2268  were 
cured — that  is,  restored  to  usefulness,  and  777  were  improved — that  is, 
restored  to  partial  but  not  complete  function.  As  noted,  the  average 
stay  in  the  hospital  was  24.03  days.  In  most  of  the  cases,  while  they 
had  their  functions  sufficiently  restored  to  care  for  themselves,  they 
were  not  in  a  condition  to  return  to  their  work  when  they  left  the  hos- 
pital. A  generous  estimate  for  the  period  of  actual  disability  would 
be  to  double  the  hospital  period;  this  would  make  the  average  time  lost 
from  work  48.06  days  for  each  case. 

Malingering  among  working-people  (mechanics,  miners,  and  laborers) 
is  very  rare.  Of  over  6000  hospital  cases  of  accidents  which  have  come 
under  my  care  and  observation,  I  can  recall  not  more  than  a  half-dozen 
cases  of  malingering.  It  is  quite  another  story  when  it  comes  to  the  so- 
called  better  classes.  I  have  known  many  more  cases  among  the  "  travel- 
ing public." 

The  nearly  related  ailment,  so-called  traumatic  neurasthenia,  which 
I  believe,  in  the  large  majority  of  cases  is  either  conscious  or  unconscious 
(subconscious)  malingering,  is  also  very  rare  among  working-people. 
Unimaginative  people  are  usually  not  subject  to  these  ailments.  In 
my  experience  nervous,  imaginative,  "  high-strung' '  individuals  are  apt 
to  suffer  from  traumatic  neurasthenia  after  accidents.  For  a  full  con- 
sideration of  the  subject,  see  Vol.  II.,  p.  759. 

ACCIDENTS  FROM  ELECTRIC  CURRENTS. 

Tesla  has  shown  that  alternating  electric  currents  of  immensely 
high  potentialities  may  be  safely  received  by  the  human  body  if  they 
be  of  small  amperage  (small  quantity).  These  currents  do  not  enter 
the  body,  but  pass  over  the  skin;  conversely,  currents  of  comparatively 
large  amperage  may  be  safely  received  if  the  tension  (voltage)  is  very 
low.  The  dangerous  currents  are  those  of  high  voltage  and  of  con- 
siderable amperage.  The  ordinary  arc-light  currents,  and  currents 
which  serve  as  motor  power  for  cars  of  various  kinds,  are  highly  dan- 
gerous, as  they  run  from  200  to  1000  or  more  volts,  and  have  variable, 
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but  always  high  amperage,  depending  upon  the  power  behind  the 
current.  Another  very  dangerous  current  is  that  established  by  short 
circuiting  a  strong  current — as,  for  instance,  in  the  case  of  a  man  with 
a  monkey-wrench  in  repairing  a  switch-board,  if  he  were  to  allow  the 
metallic  end  of  the  handle  to  come  in  contact  with  a  terminal  while 
screwing  down  another  one  with  the  wrench,  tremendous  heat  would  be 
developed,  a  violent  flash  would  occur,  the  wrench  would  be  suddenly 
melted,  and  the  man's  face  and  hands  would  be  severely  burned. 
Crossed  wires,  one  of  which  carries  a  strong  current,  produce  the  same 
effects. 

Electric  currents,  therefore,  produce  two  varieties  of  injuries:  first, 
shocks  of  various  severity,  and,  second,  shocks  and  very  severe  burns. 
The  immediate  effect  of  a  strong  electric  current  is  to  produce  a  tetanic 
contraction  of  the  muscles,  so  that  if  a  person  grasps  a  live  wire,  he 
may  not  be  able  to  loosen  his  hold,  and  on  this  account  he  may  be 
held  in  the  circuit  of  the  current  until  he  is  relaxed  by  death.  The 
first  thing  to  do,  therefore,  in  rendering  aid  to  a  person  who  has  been  or 
is  shocked  is  to  be  very  sure  to  remove  him  from  any  physical  connec- 
tion with  the  live  wire  or  whatever  other  conductor  with  which  he  may 
be  in  contact.  Any  one  who  attempts  to  remove  the  person  shocked 
should  remember  that  as  long  as  the  current  is  passing  through  the  body 
or  any  member  of  the  affected  person  this  will  serve  as  a  conductor  for 
sending  the  current  through  the  rescuer;  the  aid-giver  may  himself  be 
instantly  in  need  of  assistance.  Of  course,  when  it  may  be  done  imme- 
diately, or  very  soon,  the  best  thing  would  be  to  have  the  current  turned 
off.  This  is,  however,  usually  not  practicable  in  time  to  save  the  victim, 
and  the  shocked  man  must  himself  be  removed  from  the  current.  One 
who  does  this  should  be  careful  to  cover  his  hands  with  a  silk  handker- 
chief, or  put  on  heavy  woolen  gloves,  or  leather  gloves  lined  with  wool  (rub- 
ber gloves  are,  of  course,  the  best,  if  they  can  be  had),  and  be  very  careful 
not  to  stand  in  a  puddle  of  water  or  on  a  wet  surface.  If  the  ground 
is  wet  (and  in  any  event  it  is  safer),  it  will  be  best  for  him  to  remove 
his  coat,  rapidly  fold  it,  put  it  on  the  ground,  and  stand  on  this  while 
pulling  the  man  away  from  the  current,  with  hands  well  covered  and 
protected  as  indicated  above.  The  rescuer  should  be  careful  not 
to  touch  anything  metallic  (buttons,  etc.)  about  the  clothes  of  the 
affected  individual.  He  should  beware,  therefore,  of  grasping  him  near 
his  waist  and  hips,  where  his  pockets  are  located,  as  they  may  con- 
tain keys,  a  knife,  or  some  other  metallic  article. 

TREATMENT  OF  ELECTRIC  SHOCK. 

Fortunately,  it  has  been  possible,  by  repeated  examination  of  elec- 
trocuted criminals  (Knitter,16  McDonald,17  Spitzka,18  Van  Giesen19), 
to  determine  that  the  histologic  effect  of  lethal  currents  of  electricity 
is  very  slight.  In  a  small  number  of  cases  a  few  very  slight  changes 
have  been  found  near  the  third  or  fourth  ventricle  of  the  brain — chiefly 
small  capillary  hemorrhages.  Cunningham,20  from  his  experiments  on  dogs, 
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concludes  that  the  current  does  not  paralyze  the  muscles  of  the  heart. 
It  has  been  determined  also  that  no  chemical  change  occurs  in  the 
nerve-cells  of  the  heart,  but  that  death  is  due  to  the  disturbance  of  the 
coordinating  center  of  the  heart.  In  addition  it  has  been  determined 
that  no  chemical  change  occurs  in  the  cells  and  fluids  of  the  tissues  by 
the  action  of  the  strong  electric  currents.21 

Crile  and  McLeod  have  recently  made  some  experiments  which 
show  (see  Chapter  II.,  Vol.  I.,  p.  89)  "that  there  is  a  marked  and 
most  important  distinction  between  the  cases  in  which  the  collapse 
is  due  to  the  passing  of  the  current  through  the  heart  muscle,  and 
those  in  which  the  current  passed  through  the  inhibitory  mechanism. " 
These  observers  noted  "that  when  the  heart  action  was  stopped — as 
would  very  readily  occur — by  passing  a  strong  electric  current  through 
the  vagi  nerves,  the  animal  could  readily  be  resuscitated;  when,  however, 
the  current  passed  through  the  heart  itself,  no  effort  at  resuscitation 
availed."  They  further  noted  "that  when  a  physiologic  dose  of 
atropin  was  administered  before  the  current  was  turned  on,  thus 
paralyzing  the  inhibitory  filaments  of  the  vagi  in  the  heart,  the  inhibitory 
effect  of  the  current  was  almost  wholly  obviated." 

All  these  observations  and  experiments  go  to  establish  the  following 
practical  facts:  First,  powerful  tetanic  spasms  of  all  the  muscles  occur 
through  the  violent  irritation  of  both  the  afferent  nerves  and  of  the 
muscular  tissue  itself.  Secondly,  no  markedly  harmful  histologic  change 
is  produced  in  any  case,  and  in  the  majority  of  cases  no  appreciable 
histologic  change  is  found,  and  no  chemical  change  in  the  tissue  occurs.22 
Thirdly,  the  violence  and  suddenness  of  the  irritation  produce  very  rapid 
exhaustion  of  the  innervating  mechanism  of  the  muscles,  and  in  some 
cases  so  disorganize  this  mechanism  that  no  subsequent  coordinate  cell- 
ular action  is  possible. 

Many  cases  of  shock  from  powerful  currents  are,  therefore,  essentially 
hopeless  from  the  beginning.  It  is,  however,  impossible  to  determine 
which  these  cases  are  when  one  first  sees  them,  and,  inasmuch  as  many 
patients  may  be  resuscitated,  one  should  faithfully  try  to  restore  the 
life  of  the  patient  in  every  case  which  is  seen  in  time. 

Unfortunately,  a  physician  rarely  sees  a  case  of  collapse  from  electric 
shock  in  time  to  resuscitate  the  individual.  He  may,  however,  teach 
men  who  are  exposed  to  such  accidents  how  to  handle  them. 

The  first  indication  is  to  restore  the  respiratory  function  as  soon  as 
possible,  at  the  same  time  endeavoring  mechanically  to  stimulate  the 
heart.  These  two  indications  may  be  met  by  laying  the  person  down 
on  his  back,  placing  a  rolled-up  coat,  a  small  log,  or  any  other  convenient 
rounded  object  under  him  at  the  level  of  the  angle  of  his  scapulae  in 
order  to  bring  the  heart  forward  and  nearer  to  the  surface;  then  make 
firm  and  rhythmic  pressure  on  the  left  chest  and  upper  part  of  the 
abdomen  in  order  to  press  upon  the  ventricles  of  the  heart,  as  well  as 
the  walls  of  the  thorax.  The  tongue  should  be  drawn  outward  and 
upward,  and  it  should  also  be  drawn  rhythmically  forward  and  pushed 
backward — not  more  frequently  than  twenty  times  a  minute — in  order 
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to  assist  in  establishing  respiration.  Artificial  respiration  should  be 
employed  for  at  least  an  hour  before  giving  up  any  case  as  hopeless. 
Hypodermic  injections  of  atropin,  nitroglycerin,  camphor,  and  spartein 
may  also  be  of  service.  Strychnin  and  digitalis,  I  think,  are  contra- 
indicated.  I  have  found  that  shocked  individuals  have  a  sensation  of 
cold.  Spitzka  has  shown,  however,  that  the  muscular  and  surface  heat 
in  electrocuted  individuals  is  very  high,  especially  in  the  neighborhood  of 
the  electrode  placed  on  the  leg.  Nevertheless,  the  indication  certainly 
is  to  apply  external  heat  by  hot-water  bags,  hot  bricks,  etc.,  and  blankets. 
After  partial  restoration  the  patient  may  have  a  rigor  and  vomit;  one 
should  watch  for  the  vomiting,  and  be  ready  to  turn  the  patient  so  that 
the  vomited  matter  shall  not  get  into  his  larynx.  After  a  shock,  the 
injured  man,  even  if  he  were  not  made  unconscious,  is  very  much 
"shaken"  and  feels  weak  and  nervous  for  some  time.  Workers  in 
electricity  are  accustomed  themselves  to  perform  a  sort  of  personal 
artificial  respiration  after  a  shock,  by  raising  their  upper  extremities 
and  lowering  them  time  and  again  while  taking  long  full  breaths.  A 
very  intelligent  and  very  experienced  workman  informed  me  that  he 
could  usually  return  to  his  work  after  a  shock  if  he  did  this,  unless  he 
were  made  absolutely  unconscious.  He  would  feel  weak  and  shaky 
the  balance  of  the  day,  however,  and  he  would  frequently  have  a  head- 
ache. A  single  personal  experience  with  a  heavy  shock,  which  knocked 
me  over  and  produced  momentary  unconsciousness,  caused  the  feeling 
and  left  me  in  the  condition  detailed  by  the  old  electrician,  noted  above. 

Persons  who  have  been  resuscitated  from  collapse  and  those  who 
have  endured  heavy  currents  should  rest  absolutely  for  a  time.  They 
should  be  given  no  food  except,  perhaps,  some  hot  broth  or  bouillon, 
for  a  number  of  hours.  Hot  black  coffee  is  useful  as  soon  as  it  can  be 
swallowed  and  retained.  A  mild  sedative  may  be  necessary  for  two 
or  three  nights  to  procure  sleep  for  a  nervous  individual. 

Burns  produced  by  electric  currents  are  usually  intractable  and 
very  slow  to  heal.     They  should  be  treated  as  any  other  deep  burn. 

ACCIDENTS  FROM  GASES.1 

The  two  cases  which  produce  accidents  in  home  life  are,  first,  coal- 
gas,  carbon  dioxid  (C02),  and,  second,  carbon  monoxid  (CO).  These 
gases  may  be  introduced  into  a  living  apartment  or  bedroom  from  a 
defective  flue  or  improperly  managed  hot  air-furnaces,  or  from  stoves, 
especially  the  latter. 

Carbon  dioxid  (C02)  is  a  purely  negative  poison,  and  is  injurious 
because  it  cuts  off  oxygen  from  the  lungs.  By  freely  opening  all 
windows  and  doors  and  allowing  the  gas  to  escape,  or  by  carrying  an 
asphyxiated  person  out  into  the  fresh  air,  if  the  reflexes  are  not  abolished, 
recovery  is  prompt.  If  the  reflex  respiratory  stimuli  no  longer  act, 
then  artificial  respiration  should  be  resorted  to,  and  in  extreme  cases 
bleeding  may  be  employed  and  the  blood  extracted  be  replaced  by  an 
equal  quantity  of  saline  solution  introduced  into  the  vein  at  a  tem- 

1  See  also  p.  1223. 
vol.  v — 60 
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perature  of  105°  F.  Oxygen  gas  may  also  be  used  by  inflation.  Strych- 
nin and  atropin  sulphate  given  hypodermically  will  be  of  service  when 
the  respiration  has  been  partially  established. 

Asphyxiation  from  carbon  monoxid  (CO)  is  an  extremely  dangerous 
condition,  and  one  very  difficult  to  treat  successfully.  This  gas  comes 
from  burning  coal  or  coke  directly  in  a  room,  as  a  rule,  or  from  illumi- 
nating gas.  The  hot  coals,  and  sometimes  red-hot  porous  cast  iron, 
will  take  up  an  atom  of  oxygen  from  the  C02,  and  discharge  CO  into 
the  atmosphere.  This  gas  is  a  direct  and  virulent  poison.  It  causes 
rapid  destruction  of  the  red  corpuscles.  Measures  of  relief  must  be 
directed  toward  not  only  obtaining  pure  fresh  air  for  the  asphyxiated 
person,  but  also  for  forcing  air  into  his  lungs  by  artificial  respiration, 
and  especially  by  inflation  of  oxygen  under  pressure  into  his  trachea. 
A  quantity  of  the  vitiated  blood  should  be  withdrawn  by  venesection 
and  be  replaced  by  transfused  blood  from  a  healthy  person  if  possible, 
or,  failing  this,  saline  infusions  may  be  used  to  replace  the  blood.  After 
the  "attack, "  the  patient  will  be  very  weak  and  pale  and  will  require 
careful  restorative  treatment. 

ACCIDENTS  FROM  ILLUMINATING   GAS.1 

The  modern  method  of  manufacturing  illuminating  gas  from  the 
decomposition  of  water  and  the  addition  of  petroleum  compounds  has 
resulted  in  the  furnishing  of  a  very  impure  quality  of  gas,  highly  charged 
with  carbon  monoxid  (CO).  This  is  a  very  dangerous  product. 
Asphyxiation  from  this  water-gas  is,  as  a  rule,  very  deadly.  Exposure 
to  pure  fresh  air,  inhalation  of  oxygen,  artificial  respiration,  and,  in 
short,  the  same  treatment  as  recommended  above  for  carbon-monoxid 
gas  poisoning  should  be  empoyed.  The  hypodermic  use  of  strychnin 
and  atropin  must  also  be  vigorously  employed,  according  to  the  severity 
of  the  poisoning. 

In  the  "  American  Journal  of  the  Medical  Sciences"  (October,  1907) 
Crile  also  recommends  infusion  of  blood,  by  his  direct  method  of 
infusion,  for  treatment  of  poisoning  by  illuminating  gas. 

Dr.  J.  Chalmers  Da  Costa  published  in  " The  Therapeutic  Gazette' ' 
(March,  1903)  a  paper  on  "The  Effects  of  the  Inhalation  of  Smoke," 
etc.,  to  which  I  wish  to  refer.  This  paper  deals  with  the  effects  and 
treatment  of  the  inhalation  of  smoke  and  fumes  of  acids  and  ammonia. 
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CHAPTER  LXXVIII. 
SURGERY  OF  THE  PARATHYROID  BODIES. 

By  Charles  H.  Mayo,  M.  D., 

ROCHESTER,    MINNESOTA. 

History. — Very  little  has  been  added  to  our  knowledge  of  the 
structure  of  the  parathyroid  glandules  since  the  careful  description 
of  their  anatomy  and  histology  by  Sandstroem1  in  1880.  The  name 
"glandulae  parathyroidea?,"  which  he  gave  to  these  organs,  has  since 
been  generally  accepted.  Following  Sandstroem,  Rogowitz,2  Christiani,* 
Zielenska,4  and  Hurthle5  respectively  described  in  various  animals 
glands  which  were  evidently  parathyroids,  but  which  they  considered 
embryonic  thyroid  tissue.  In  1895  Kohn,6  under  the  term  "  epithelial 
capsules/'  noted  the  presence  of  4  parathyroids  per  individual  in  the 
cat,  dog,  and  rabbit.  Schaper,7  in  1895,  reported  his  observations  on 
5  cases  in  man,  in  1  of  which  he  found  6  parathyroids.  Miiller,8  in 
1896,  reported  on  the  examination  of  92  cases  in  man,  besides  certain 
laboratory  animals. 

An  exhaustive  paper  by  D.  A.  Welsh,9  in  1898,  gave  a  full  analysis 
of  the  anatomy  and  histology  of  the  parathyroids.  He  found,  in  nearly 
all  of  40  cases  in  man,  two  glands  on  each  side,  which  he  named  accord- 
ing to  their  position  as  " posterior  superior"  and  " anterior  inferior. " 
He  described  also  two  types  of  cells,  "principal"  and  "oxyphil,"  and 
four  types  each  of  their  various  arrangements.  Schreiber,10  in  1898, 
reported  that,  embryologically,  the  parathyroids  develop  from  a  single 
symmetric  anlage  whose  epithelial  cell-masses  are  subsequently  sepa- 
rated, forming  two  or  more  pairs  of  glands. 

During  the  last  decade  a  great  number  of  writers  have  contributed 
evidence  as  to  the  number,  location,  blood-supply,  etc.,  of  the  parathy- 
roids in  man.     (See  Bibliography,  Nos.  11  to  19.) 

Concerning  our  knowledge  of  the  function  of  the  parathyroids  we 
are  indebted  to  Gley20  for  the  suggestion  that  the  removal  of  the  para- 
thyroids is  the  cause  of  the  tetanic  symptoms  occurring  in  animals  after 
thyroidectomy.  His  work  has  been  confirmed  by  many  authors.  (See 
Bibliography,  Nos.  21  to  38.) 

Moussu3B  is  responsible  for  the  unsupported  hypothesis  that  para- 
thyroid insufficiency  is  the  cause  of  exophthalmic  goiter,  while  a  num- 
ber of  authors,  including  Moussu,30  Vassale  and  Generali,31  and  Jean- 
delize,20  have  suggested  that  various  convulsions  may  be  due  to  de- 
generation or  absence  of  the  parathyroids.  Lundberg 34  advanced  the 
hypothesis  that  paralysis  agitans  is  due  to  the  same  cause.  This  latter 
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hypothesis,  however,  has  been  shown  to  be  unsupported  by  Thompson40 
in  a  careful  study  of  9  cases. 

The  work  on  the  transplantation  of  the  parathyroids  will  be  referred 
to  later. 

Anatomy. — The  parathyroid  bodies  are  ovoid  organs,  usually  four 
in  number,  situated  on  the  posterior  surface  of  the  lateral  lobes  of  the 
thyroid  gland  in  two  pairs,  superior  and  inferior.  Thompson  and 
Harris19  find  at  least  four  glandules  in  90  per  cent,  of  routine  autopsies 
(Figs.  442,  443). 

The  superior  pair  lies  against  the  posterior  wall  of  the  esophagus, 
somewhat  above  the  level  of  the  lower  edge  of  the  cricoid  cartilage, 


Fio.  442. — Showing  Position  op  Vessels  and  Rotation  of  Gland  Over  and  Across  Trachea. 
Posterior  Capsule  in  the  Field  ok  Vessels.  (Drawn  by  Miss  Florence  Byrnes  for  Dr.  C. 
H.  Mayo.) 

internal  to  the  posterior  border  of  the  lateral  lobe  of  the  thyroid  gland 
and  anterior  to  the  prevertebral  fascia.  They  are  usually  behind  the 
lateral  thyroid  ligaments,  though  this  relationship  is  far  from  constant. 
While  the  height  is  usually  as  above  stated,  this  pair  of  glands  may 
be  found  as  high  as  the  inferior  horn  of  the  thyroid  cartilage,  or  as  low 
as  the  tenth  tracheal  ring. 

The  inferior  pair  Is  commonly  more  anteriorly  placed  than  the 
superior.  They  usually  lie  against  the  sides  of  the  trachea,  near  the 
ends  of  the  rings,  under  cover  of  the  lower  end  of  the  thyroid.  They 
always  lie  in  front  of  the  inferior  thyroid  artery;  they  usually  lie  as 
low  as  the  tenth  tracheal  ring.     Halsted48  (Fig.  443),  by  means  of  a 
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composite  chart  based  on  67  dissections,  has  shown  that  the  para- 
thyroids may  be  found  at  any  level  from  the  superior  to  the  inferior 
pole  on  the  postero-internal  surface  of  the  thyroid,  most  commonly  just 
internal  to  the  rounded  postero-external  border,  and  quite  regularly 
near  the  site  of  the  distribution  of  the  terminal  branches  of  the  inferior 
thyroid  artery.  Occasionally  a  third  pair  of  glands  is  found,  usually 
placed  lateral  to  the  line  of  the  middle  pair  and  well  below  them.  Rogers 
and  Ferguson15  call  attention  to  the  occasional  occurrence  of  considerable 
parathyroid  tissue,  found  in  string-like  masses  along  the  lateral  margins 
of  the  thyroids.  From  the  above  facts  is  apparent  the  extreme  diffi- 
culty in  determining  with  any  degree  of  accuracy,  in  either  the  dead 


Fig.  443. — Showing  Blood  Supply  and  Anastomosis  of  Vessel*. 

Parathyroids  behind  capsule.     Trachea  sectioned,  showing  the  recurrent  laryngeal  nerve.     (Drawn 

by  Miss  Florence  Byrnes  for  Dr.  C.  H.  Mayo.) 

or  the  living  subject,  the  total  amount  or  the  entire  absence  of  para- 
thyroid tissue. 

Halsted48  finds  no  difficulty  in  identifying  the  parathyroids  with 
the  naked  eye  in  the  course  of  an  operation.  While  this  may  be  true 
of  the  more  marked  glands,  it  seems  to  me  almost  impossible  to  differ- 
entiate small,  eccentrically  placed,  unusually  colored  glands  from  ac- 
cessory thyroids,  fat,  and  lymphatics,  without  histologic  examination. 
This  accords  also  with  Rogers  and  Ferguson's  experience,  who  found 
that  of  189  pieces  of  human  tissue  removed  as  presumably  containing 
parathyroid  glands,  only  61  pieces,  or  32  per  cent.,  were  shown  by 
microscopic  examination  to  contain  this  organ. 

The  parathyroids  are  apparently  always  separated  from  the  thy- 
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roid  by  a  capsule,  though  occasionally  they  are  found  imbedded  within 
more  or  less  completely  closed  invaginations  of  the  thyroid  capsule. 

Evans49  has  made  a  careful  study  of  the  blood-supply  of  the  para- 
thyroids, and  summarizes  his  observations  as  follows: 

"(1)  The  parathyroid  glands  are  always  supplied  by  definite  para- 
thyroid arteries  which  enter  them  in  each  case  at  the  hilus. 

"(2)  The  parathyroid  arteries,  superior  and  inferior,  usually  arise 
from  the  inferior  thyroid,  but  frequently  they  take  their  origin  from 
the  anastomosing  channel  between  the  inferior  and  superior  thyroid 
vessels  (Halsted's  Mine  of  anastomosis'). 


Fig.  444. — Postkrior  View  of  Thyroid  Gland.     (Ginsburg.) 
Anastomosis  between  vessels  of  parathyroid  bodies  on  sides:  A.,  Anastomosis  in  posterior  sur- 
face of  pharynx;   *S.  T.  A.,  superior  thyroid  artery;  S.  k* .  B.,  superior  parathyroid  body;   /.  P.  D., 
inferior  parathyroid  body;   R.  L.  .V.,  recurrent  laryngeal  nerve.     (Reduced  one-sixth  natural  si*e.) 

"(3)  Few,  if  indeed  any,  direct  vascular  connections  normally 
exist  between  the  parathyroid  glands  and  the  connective-tissue  envel- 
opes of  the  thyroid"  (Figs.  444,  445). 

Ginsburg  calls  attention  to  the  secondary  accessory  blood-supply 
for  the  parathyroids  through  the  anastomotic  channels  from  the  thyroid 
arteries  of  the  opposite  side,  and  suggests  that,  since  the  ligation  of 
both  the  superior  and  the  inferior  thyroid  outside  the  capsule  would  not 
disturb  the  blood-supply  through  this  anastomosis,  we  may  thus  have 
the  explanation  of  the  failure  of  tetany  to  develop  in  certain  cases  of 
bilateral  thyroidectomy. 

The  glands  are  usually  6  or  7  mm.  long,  3  to  4  mm.  wide,  and  2  to  5 
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mm.  thick,  though  all  of  these  dimensions  may  vary  greatly.  Their 
usual  weight  is  about  0.035  gm.,  though  they  may  weigh  as  much  as 
0.2  gm.  From  the  varying  amount  of  fat  and  blood  which  they  con- 
tain their  color  varies  from  light  creamy  yellow  to  dark  reddish  brown. 
Often  they  may  be  distinguished  by  their  color  contrasting  with  that 
of  the  surrounding  tissue.  The  surface  is  smooth,  each  gland  being 
covered  by  a  delicate  fibrous  capsule  which  subdivides  it  into  lobules. 
The  connective  tissue  of  the  septa  supports  the  blood-vessels  and,  finally, 
subdivides  the  lobules,  usually  into  anastomosing  columns  of  densely 
packed  epithelial  cells. 


s.t.a. 
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Fig.  445. — Left  Thyroid  Lobe  Viewed  from  Behind.     (Ginsburg.) 
Shows  unusual  position  and  blood  supply  of  superior  parathyroid  body,  rendering  body  likely 
of  removal  in  lobectomy:  .S.  T.  A  .,  Superior  thyroid  artery;  S.  P.  B.,  superior  parathyroid  body; 
P.  A.,  parathyroid  artery;  /.  T.  A.,  inferior  thyroid  artery;  I.P.B.,  inferior  parathyroid  body. 
(Reduced  one-sixth  natural  size.) 

Histology. — The  cells  are  of  two  types,  spoken  of  as  "principal "  (Fig. 
446)  and  "functional."  The  former  are  relatively  small  cells,  with  large, 
deeply  staining  nuclei  and  feebly  staining  cytoplasm.  They  constitute 
the  bulk  of  the  gland,  and  while  they  may  vary  in  shape,  size,  and 
staining  properties,  size  of  the  nucleus,  etc.,  they  are  always  readily 
recognizable.  They  are  sometimes  distributed  with  no  distinct  lobula- 
tion, being  packed  irregularly  and  in  direct  contact  with  each  other, 
thus  assuming  polyhedral  shapes.  In  some  areas  the  principal  cells 
are  arranged  much  like  those  of  the  thyroid,  forming  definite  acini  which 
may  contain  colloid  material. 

The  so-called  "functional "  (Fig.  447)  cells  are  considerably  larger  than 
the  principal  cells,  and  consist  of  readily  stainable  acidophilic  granular 
cytoplasm  and  small,  densely  staining  nuclei.  They  are  much  less 
numerous  than  the  principal  cells,  and,  indeed,  may  be  entirely  absent 
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Fig.  446.— Principal  Cells.     (After  E.  H.  Pool.) 
(Photomicrograph  reproduced  from  "  Tetany  Parathyreopriva.") 


Fio.  447. — Masses  or  Oxyphile  Cells.     (After  E.  H.  Pool.) 
(Photomicrograph  reproduced  from  "  Tetany  Parathyreopriva.") 

from  a  given  gland.     When  present,  they  are  usually  in  small  islands 
containing,  in  section,  three  to  twenty  cells,  each  scattered  irregularly 
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throughout  the  gland.  Occasionally  they  make  up  acini  or  short  col- 
umns. 

The  glands  may  then  be  conceived  of  as  small,  grape-like  clusters 
of  fat-laden  epithelial  cells,  with  a  fairly  good  vascular  supply,  held 
together,  for  the  most  part,  by  exceedingly  delicate  membranes,  and 
arranged  in  some  areas  as  irregularly  as  the  cells  of  lymph-nodes  and 
in  others  as  definitely  grouped  as  those  of  the  thyroid. 

Embryology. — The  parathyroids  develop  from  the  third  and  fourth 
pairs  of  the  branchial  clefts.  Initially,  they  are  small,  well-marked- 
off  masses  of  cells,  completely  segregated  from  the  thyroids.  There 
is  little  to  indicate  that  the  parathyroids  are  embryonal  thyroid  tissue, 
as  has  been  supposed.  The  glands  become  attached  to  the  thyroid  only 
secondarily  in  the  course  of  their  development. 

Physiology. — The  study  which  these  glands  have  received  recently 
has  materially  changed  our  ideas  concerning  their  chemistry  and  phys- 
iology. Most  writers  up  to  three  or  four  years  ago  state  definitely  that 
the  parathyroids  contain  a  large  percentage  of  iodin.  Recent  observers, 
however,  discredit  this,  many  of  them  going  so  far  as  to  state  that  in 
man,  at  least,  iodin  may  be  entirely  absent  from  the  gland,  and  sug- 
gesting that  the  observations  previously  made  may  have  confused 
accessory  thyroids  with  parathyroids.  The  statement  that  the  gland 
contains  a  considerable  quantity  of  colloid  must  also  apparently  be 
modified,  since  the  evidence  of  the  presence  of  colloid  usually  rests 
upon  a  staining  reaction  only.  Some  recent  observers  fail  to  find 
any  colloid  whatever  in  the  gland.  It  would  appear  not  improbable 
that  when  it  is  present  in  the  acini  of  the  gland,  it  may  be  considered 
as  a  retention  complement. 

When  the  parathyroids  are  all  removed  from  a  carnivorous  animal, 
it  usually  quickly  dies  of  tetany.  On  the  other  hand,  when  the  glands 
are  all  extirpated  from  herbivorous  animals,  in  a  large  number  of  in- 
stances no  untoward  symptoms  whatever  appear.  This  marked  disparity 
of  results  in  the  two  groups  of  animals  has  been  explained  on  the  hy- 
pothesis that  parathyroid  tissue  may  be  more  widely  distributed  in  the 
herbivorous  group  than  in  the  carnivorous,  and  hence  its  complete 
removal  be  rarely  or  never  accomplished.  It  seems  more  probable, 
however,  that  the  parathyroids  are  not  so  essential  to  metabolic  equi- 
librium in  the  herbivora  as  in  the  carnivora.  Indeed,  there  is  a  pos- 
sibility that  this  may  be  true  in  man — an  omnivorous  animal — as  well  as 
in  the  herbivora.  There  are  some  cases  on  record  of  the  apparent 
complete  removal,  e.  g.,  during  the  thyroidectomy  for  carcinoma,  of  all 
of  the  parathyroids,  without  the  subsequent  development  of  any  tetanic 
symptoms.  On  the  whole,  the  function  of  the  gland  seems  to  be  the 
elaboration  of  an  internal  secretion,  which,  carried  to  the  tissues  by 
the  lymph-  and  blood-stream,  assists  in  preserving  metabolic  equilibrium 
either  by  supplying  an  essential  stimulant  to  some  other  glands  or  organs, 
or  by  neutralizing  some  absorbed  toxins  or  excessively  produced  secre- 
tions. This  latter  hypothesis  would  seem  to  be  supported  by  the  fre- 
quently  repeated   observations  that  tetany  of  parathyroidectomized 
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animals  may  be  temporarily  relieved  by  free  bleeding,  and  copious  in- 
jections of  salt  solutions.*  MacCallum  and  Voegtlin50  have  shown 
that  in  the  parathyroidectomized  dog,  during  tetany,  the  calcium 
content  of  the  blood  is  only  about  one-half  that  of  the  normal  dog  on  the 
same  diet.  They  suggest  the  working  hypothesis  that  "the  parathyroids 
control  in  some  way  the  calcium  metabolism,  so  that  upon  their  removal 
a  rapid  excretion,  possibly  associated  with  inadequate  absorption  and 
assimilation,  deprives  the  tissues  of  calcium  salts."  They  have  been 
able  temporarily  to  control  tetany  in  the  dog  by  the  administration  of 
calcium  salts  (acetate  and  lactate)  in  5  per  cent,  solution  intravenously 
or  by  stomach. 

Pathology  • — Like  other  glands,  the  parathyroids  are  subject  to  paren- 
chymatous hyperplasias,  cystic  and  fatty  degenerations,  fibrous  and  fatty 
infiltrations,  etc.  Thompson  and  Harris l8  have  collected  the  bibliog- 
raphy of  various  pathologic  changes.     (See  Bibliography,  Nos.  51  to  75.) 

A  careful  study  of  their  summary  seems  to  show  that  so  far  no  rela- 
tionship has  been  traced  between  pathologic  changes  in  the  parenchyma 
of  the  glands  and  any  symptoms  the  patient  may  have  exhibited  during 
life. 

Surgery. — Our  knowledge  of  the  parathyroids  has  been  derived 
from  accidental  findings  through  their  injury  in  operating  for  goiter 
and  from  experimen  al  work.  This  would  indicate  that  these  bodies 
are  remarkably  free  from  diseases  which  require  surgical  treatment. 
Da  Costa,80  in  reporting  an  operation  for  hyperplasia  of  the  parathyroids, 
also  reported  7  other  cases,  all  of  hyperplasia  or  adenomatous  growths, 
5  of  which  were  found  at  autopsy. 

Since  a  microscopic  examination  is  necessary  in  order  to  differen- 
tiate the  parathyroid  from  the  thyroid  tissue,  it  is  possible  that  some 
of  these  former  bodies  have  been  removed  as  goiters.  It  is  probable, 
also,  that  with  the  greater  increase  of  surgical  treatment  of  the  thyroid 
we  shall  soon  have  more  reported  cases  of  parathyroid  tumors. 

Indirectly,  the  parathyroids  are  of  "great  surgical  importance  from 
the  possibility  of  their  injury  or  the  cutting  off  of  their  blood  supply 
(Halsted76)  during  operations  upon  the  thyroid  gland.  While  tetany 
may  follow  various  diseases  and  infections,  when  it  appears  after  an 
operation  upon  the  thyroid  it  will  indicate  injury  to  these  bodies  or  the 
loss  of  parathyroid  secretion.  In  the  description  of  such  a  case  of  tetany 
Pool*  corroborates  that  given  by  Frankl  Hochwart77  that  "  tetany  para- 
thyreopriva"  is  characterized  by  certain  very  striking  symptoms  which 
render  it  practically  unmistakable.  The  most  conspicuous  of  these  are 
intermittent  tonic  spasms  of  the  voluntary  muscles,  those  of  the  ex- 
tremities being  most  effected.  A  salient  feature  is  the  exclusive  in- 
volvement of  the  flexor  groups  of  muscles.  Intercurrent  contractures 
of  the  fascial  muscles  are  relatively  rare,  and  the  muscles  of  the  chest, 
back,  and  abdomen  participate  in  exceptional  cases  only.  The  tetanic 
spasms  are  usually  preceded  by  certain  prodromata  which  persist  for 
a  variable  period  before  the  onset  of  the  attack.  These  include  headache, 
sensations  of  weakness  or  prostration,  more  or  less  rigidity  of  the  limbs, 
♦Sec  postscript  on  page  961. 
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radiating  pains,  and  clonic  twitchings.  The  contractions  usually 
begin  in  the  hands  and  subsequently  involve  the  feet;  less  often  the 
feet  are  effected  coincidentally  or  independently.  The  spasms  are  almost 
always  symmetric  and  bilateral.  As  a  rule,  two  or  more  of  the  fingers 
are  flexed  and  the  thumbs  are  forcibly  abducted,  sometimes  tightly 
clasped  by  the  contracting  digits.  In  50  per  cent,  of  these  cases  the 
wrist  also  becomes  flexed,  while  flexion  of  the  forearm,  with  abduction  of 
the  arm  to  the  trunk,  occurs  infrequently.  Exceptionally,  the  fingers 
are  held  wide  apart,  the  terminal  phalanges  alone  being  flexed.  The 
feet,  when  involved,  take  the  position  of  pes  equinus  or  equinovarus, 
as  a  result  of  contraction  of  muscles  of  the  calf.  In  the  contractions 
of  tetany  the  affected  muscles  become  very  hard  to  the  touch  and  oppose 
a  powerful  resistance  to  attempts  at  passive  relaxation.  Should  this 
prove  successful,  the  tetanic  attitude  is  at  on^e  resumed  when  the 
traction  diminishes.  Fibrillary  twitchings  are  sometimes  visible  in  the 
contracted  muscles.  The  duration  of  an  attack  may  not  exceed  a  few 
minutes  or  the  attack  may  last  for  a  number  of  hours,  but  it  rarely 
persists  as  long  as  forty-eight  hours.  The  termination  of  a  tetanic 
spasm  is  frequently  preceded  by  symptoms  resembling  those  observed 
at  the  onset. 

While  there  may  be  a  free  interval  of  days  or  weeks  between  the 
attacks,  unfortunately  this  is  far  from  being  the  rule.  There  are  gen- 
erally several  attacks  in  the  course  of  a  day,  whereas  the  patient's  rest 
at  night  is  unbroken.  In  the  severest  cases  one  attack  follows  another 
with  alarming  rapidity. 

Trousseau78  assumes  three  distinct  degrees  of  tetany  based  upon 
the  distribution  of  the  spasms:  first,  a  mild  form,  affecting  the  peripheral 
muscles  only;  some  of  these  attacks  may  even  be  limited  to  the  hands; 
second,  a  moderate  form,  with  involvement  of  the  facial,  abdominal, 
and  trunk  muscles;  third,  a  severe  form,  extending  to  the  involuntary 
muscles. 

Besides  the  attacks  of  spasms,  there  are  other  manifestations  of 
the  disease.  Certain  disturbances  of  sensation  are  regularly  present, 
especially  pain,  which  is  a  constant  concomitant  of  the  spasms.  Hyper- 
esthesia, paresthesia,  or  anesthesia  also  may  be  noted.  Temporary 
redness  and  edema  are  not  infrequently  observed  over  the  joints. 
Trophic  and  secretory  anomalies,  such  as  sweating,  loss  of  hair,  and 
changes  in  the  nails,  are  not  very  uncommon. 

Of  particular  significance  as  bearing  on  the  diagnosis  are  the  tests 
of  Chvostek,  Trousseau,  and  Erb.™  In  two-thirds  of  all  cases  of  tetany 
it  is  possible  to  demonstrate  Trousseau's  phenomenon.  This  consists 
in  the  occurrence  of  a  tetanic  spasm  in  a  limb  as  the  result  of  compression 
of  its  main  vessels  and  nerve-trunks.  By  the  animal  experiments 
of  Frankl  Hochwart  and  Kashida  this  phenomenon  has  been  shown  to 
depend  upon  the  stimulation  of  the  nerves. 

Chvostek  pointed  out  the  facial  phenomenon  which  can  be  elicited 
in  tetanic  patients  by  gently  tapping  over  the  area  of  distribution  of 
the  facial  nerve.     The  resulting  short  twitchings  are  knowrn  as  Chvos- 
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tek's  symptom,  which  is  especially  valuable  by  reason  of  the  simple 
technic  required  for  its  demonstration. 

Erb  called  attention  to  the  fact  that  electric  hyperexcitability  of 
the  motor  nerves  is  regularly  present  in  these  cases.  There  is  a  marked 
increase  of  galvanic  irritability,  especially  in  the  ulnar  nerves,  whereas 
an  increased  reaction  to  the  faradic  current  is  far  less  constant.  The 
value  of  the  two  tests,  dependent  upon  stretching  the  nerves  of  the 
brachial  plexus  and  the  sciatic  nerve,  cannot  be  estimated  properly 
until  repeated  trials  have  been  made  in  further  cases. 

The  tendon  reflexes  are  normal  or  increased.  A  certain  number 
of  cases — too  numerous  to  be  interpreted  as  an  accidental  coincidence — 
present  a  combination  of  tetany  with  typical  epileptic  seizures.  These 
symptoms  have  sometimes  been  observed  after  thyroidectomy  in  indi- 
viduals previously  free  from  nervous  symptoms,  and  a  possible  con- 
nection between  epilepsy  and  tetany  has  accordingly  been  suggested. 
Certain  authors  also  include  among  the  symptoms  of  tetany  the  hysteric  < 
attacks  which  are  occasionally  present  (c/.  Frankl  Hochwart). 

The  course  of  tetany  following  thyroidectomy  has  been  divided 
by  Frankl  Hochwart  into  three  classes:  "  First,  cases  characterized  by 
onset  soon  after  operation,  severe  course,  and  fatal  outcome;  second, 
cases  in  which  the  symptoms  appear  soon  after  operation,  but  subside 
after  a  variable  time  and  are  followed  by  recovery;  third,  cases  in  which 
the  patients  live  and  symptoms  of  myxedema  become  associated  in 
variable  degree  with  those  of  tetany." 

In  the  treatment  of  tetany  following  goiter  operations  the  admin- 
istration of  the  thyroid  and  parathyroid  glands  and  their  products 
has  been  thoroughly  tried.  Improvement  of  the  symptoms  of  tetany 
have  been  noted  by  Hoffman,80  Levy-Dorn,81  Westphal,82  and  others 
following  the  feeding  of  thyroid,  while  Lowenthal  and  Wiebrecht83 
believe  the  good  results  obtained  were  from  feeding  the  mixed  glands — 
thyroid  and  parathyroid.  Most  observers  have  seen  no  results  from 
this  treatment.  Temporary  relief  has  been  obtained  by  venesection 
followed  by  infusion  of  saline  solution. 

Serum  treatment  (Beebe's84)  has  been  spoken  of,  notably  by  Halsted, 
in  reporting  a  chronic  case  of  tetany  as  favorable  but  transient.  The 
same  patient  was  previously  treated  by  feeding  dried  parathyroids  of 
beeves.  Later  these  were  substituted  for  fresh  glands.  He  says: 
"Their  exhibition  was  by  mouth  only,  as  prolonged  hypodermic  ad- 
ministration of  the  crushed  glands  could  not,  it  seems  to  us,  be  endured, 
owing  to  the  physical  properties  of  the  emulsion,  the  bulkiness  of  the 
dose,  and  the  annoyance  and  danger  from  the  hardly  avoidable  infection. 
The  patient  promptly  discovered,  as  did  we,  that  the  dried  glands,  a 
nauseous  dose,  seemed  less  effective  than  the  fresh. 

"In  preparation  for  ingestion  the  fresh  glands  were  carefully  freed 
from  fat,  chopped  very  fine,  and  served  on  thin,  crisp  water-crackers. 
The  dried  powdered  glands  were  usually  given  in  gelatin  capsules." 

Transplantation  of  the  parathyroids  has  been  under  experimental 
study  for  some  time,  with  a  varying  degree  of  success.     Payr44  shows 
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that  the  tissues  which  have  only  internal  secretion  are  the  best  for  trans- 
planting. Parenchymatous  organs  in  whole  or  in  part  have  been  suc- 
cessfully transplanted  in  animals  of  the  same  species.  The  trans- 
planting of  such  tissues  into  animals  of  different  species,  and  from 
animal  to  man,  has  not  been  successful.  The  tissue  is  absorbed,  the 
temporary  results  obtained  being  due  to  this  process. 

Christian?2  states  that,  when  it  is  necessary  to  preserve  for  a  brief 
period  tissue  to  be  transplanted,  it  should  be  in  the  serum  of  the  same 
species  of  animal,  since  salt  solution,  used  for  this  purpose,  is  toxic. 

There  has  been  considerable  discussion  as  to  the  best  site  for  the 
implantation — subcutaneous,  extraperitoneal,  and  intraperitoneal,  omen- 
tum, or  spleen.  Payr44  has  shown  in  several  cases  both  thyroid  and  para- 
thyroid tissue  living  after  a  considerable  period  imbedded  in  the  spleen. 
Leischner45  has  been  successful  in  transplanting  them  preperitoneally  in 
rats.     Pfeifter,  Herman,  and  Mayer46  succeeded  twice  in  puppies. 

Pool,  who  has  experimentally  transplanted  the  parathyroids  in 
rabbits  and  dogs,  questions  whether  the  limited  number  of  good  results 
could  have  come  from  that  cause.  There  is  always  the  possibility  of 
existing  accessory  parathyroids. 

Halsted85  has  given  a  brief  summary  of  his  experimental  work  as 
follows: 

"Transplanted  parathyroids  (autografts)  may,  for  an  undetermined 
time,  perform  at  least  the  most  evident  function  of  these  bodies. 

"One  successfully  transplanted  parathyroid  may  suffice  to  maintain 
a  fair  degree  of  health;  traces  of  hypoparathyroidism  may  persist. 

"In  autotransplantation  success  is  more  common  than  failure. 

"Heterotransplantation  rarely  succeeds. 

"For  the  successful  transplantation  of  these  organs  a  deficiency 
of  parathyroid  tissue  should  be  created. 

"Transplanted  in  excess  of  what  is  required  by  the  organism,  para- 
thyroid glands  do  not  survive. 

"Excised  or  deprived  of  their  blood  supply  in  the  course  of  an  opera- 
tion parathyroids  should  probably  be  reimplanted,  preferably  into  the 
thyroid  gland. 

"Complete  excision  of  the  thyroid  lobes  is  well  borne  for  months, 
at  least,  by  animals.  Myxedema  begins  to  manifest  itself  in  a  few 
weeks." 

From  experimentally  produced  tetany  in  dogs,  MacCallum  and 
Voegtlin88  recommend  the  administration  of  lactate  of  calcium  for 
immediate  relief  until  the  parathyroids  of  animals  can  be  transplanted. 
The  dosage  of  lactate  of  calcium  for  dogs  as  given  by  them  is  50  to 
100  cc.  of  a  4  per  cent,  solution  by  mouth,  or  10  cc.  of  a  5  per  cent, 
solution  intravenously. 

From  what  has  been  presented,  the  unsettled  condition  of  our  knowl- 
edge of  the  parathyroids  is  quite  evident;  and  yet  order  is  beginning 
to  appear.  To  judge  from  the  variation  in  the  number,  size,  position, 
and  blood  supply  of  the  parathyroids,  one  would  think  that  nature  has 
varied  from  her  usual  care  in  regard  to  such  matters,  as  manifested 
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in  other  organs  of  much  less  importance.  However,  the  lesson  to  be 
learned  is  similar  to  that  already  settled  concerning  the  thyroid — i.  e.f 
(1)  to  leave  part  of  the  thyroid  to  prevent  myxedema,  and  (2)  to  pre- 
serve uninjured  at  least  half  of  the  parathyroids,  and  all  if  possible. 
Since  the  risk  occurs  only  in  goiter  operations,  we  must  consider  what  is 
the  safest  type  of  operation  upon  the  thyroid. 

In  our  operative  experience  of  over  1000  goiters  we  have  seen  no 
tetany.  Many  of  these  operations  were  performed  before  the  import- 
ance of  the  parathyroids  was  known,  and  it  is  possible  that  the  opera- 
tive methods  employed  tended  to  their  preservation. 

In  discussing  the  technic  of  thyroidectomy  I  have  called  attention 
to  the  importance  of  preserving  the  posterior  capsule.88  During 
thyroidectomy  in  4  cases  where  only  one  parathyroid  was  removed, 
there  were  no  symptoms,  either  immediate  or  late,  that  could  be  at- 
tributed to  this  cause. 

In  operating  for  the  relief  of  goiter  the  surgical  procedures  which 
might  injure  the  parathyroids  are:  (1)  ligation  of  arteries  in  the  treat- 
ment of  early  or  mild  cases  of  Graves'  disease,  and  in  the  more  severe 
forms  of  hyperthyroidism  as  a  graduated  operative  procedure;  (2) 
thyroidectomy. 

The  free  anastomosis  of  vessels  in  the  thyroid  with  the  active  and 
excessive  circulation  which  is  characteristic  of  hyperthyroidism  renders 
such  injury  improbable.  This  is  also  true  of  the  extirpation  of  one  lobe 
and  the  isthmus  in  exophthalmic  goiter  if  the  posterior  capsule  is  pre- 
served by  incising  it  along  the  lateral  border  of  the  thyroid  glqud,  brush- 
ing it  back  with  gauze  and  applying  forceps  to  the  numerous  vessels 
which  enter  the  capsule  and  are  seen  as  the  gland  is  rotated  over  the 
trachea.  The  same  method  is  employed  in  operating  for  colloid  goiter 
where  extirpation  of  one  lobe  is  advisable. 

If  both  lobes  of  the  gland  and  isthmus  require  reduction,  the  extirpa- 
tion method  should  be  applied  only  on  one  side,  the  remainder  of  the 
gland  being  reduced  by  some  form  of  partial  enucleation  or  resection 
as  advocated  by  Mikulicz,  who  resected  both  sides  with  approximation 
of  the  gland  tissue,  hemorrhage  control  being  secured  by  a  locking 
suture.  Apparently  the  greatest  risk  of  hypoparathyroidism  is  from 
secondary  operations  upon  the  remaining  enlarged  lobe  following  a 
previous  extirpation  of  one  lobe  of  a  colloid  goiter. 

In  the  rounded  encapsulated  adenoma  or  cyst  tumors  of  the  thyroid 
the  surgical  indications  are  for  enucleation  of  the  tumors  with  as  little 
injury  to  the  surrounding  tissue  and  thyroid  gland  as  possible.  In 
operating  according  to  this  method  there  need  be  no  fear  of  parathyroid 
injury. 

Operation  upon  the  parathyroid  bodies,  which  will  nearly  always 
be  undertaken  in  the  belief  that  the  operation  is  for  goiter,  requires 
the  same  incision,  exposure,  and  care  as  in  an  operation  for  goiter  (Fig. 
448). 

A  criticism  that  can  be  quite  generally  applied  to  all  surgery  of 
the  neck  is  that  severe  and  desperate  procedures  are  often  undertaken 
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through  small  and  badly  placed  incisions,  and  that  the  operation  is 
advanced  until  the  simple  technic  becomes  complicated  in  an  effort 
to  save  structures  which  are  of  little  importance  and  which  could  be 
easily  readjusted  if  interfered  with. 

We  prefer  the  transverse  collar  incision  with  elevation  of  the  unsepa- 
rated  skin  and  platysma  muscle  sufficient  to  expose  the  sternal  attached 
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muscles.  A  vertical  incision  separates  the  hyoid  muscle  in  the  midline 
to  the  thyroid  body. 

These  muscles  may  be  severed  above  their  nerve  supply  opposite 
the  thyroid  cartilage  on  one  or  possibly  both  sides,  should  it  be  advan- 
tageous to  secure  free  exposure. 

Section  of  one  sternohyoid  muscle  above  is  usually  sufficient  to 
facilitate  the  dissection  of  the  upper  pole  of  the  thyroid  and  permit 
the  careful  ligation  of  the  superior  thyroid  artery.  It  is  from  this 
artery    after    goiter   operations   that    secondary    hemorrhage   usually 
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occurs,  and  it  is  due  to  muscle  fibers  being  included  in  the  ligature 
(Fig.  449). 

During  operation  it  is  best  to  preserve  all  small  gland-like  masses 
found  about  the  capsule  of  the  thyroid,  as  they  may  be  parathyroids. 
If  a  parathyroid  body  is  removed,  it  should  at  once  be  implanted  beneath 
some  part  of  the  capsule  of  the  remaining  thyroid.  After  some  expe- 
rience the  operator  may  identify  many  of  the  glands  at  sight. 


Fig.  449. — Showing  Muscle  Suture  Near  Attachment  and  Interlocking  Suture  or  Cut 

Gland. 

Wounds  are,  as  a  rule,  temporarily  drained.  The  incisions  are 
closed  by  subcuticular  suture  of  platysma  and  skin. 

Operations  are  preceded  by  yi^  gr.  solution  of  atropin  with  J  gr. 
solution  of  morphin.  Ether  given  by  the  open  method  is  the  anesthetic 
preferred,  although  cocain  may  occasionally  be  indicated  for  various 
reasons. 

While  this  chapter  was  in  the  hands  of  the  printer,  Kocher80  pub- 
lished the  transplantation  of  thyroid  tissue  in  the  tibia  of  a  dog  previ- 
ously parathyroidectomized.  The  animal  showed  no  symptoms  of 
tetany  when  the  transplanted  tissue  was  removed. 

Thompson,  Leigh  ton,  and  Swarts81  have  repeated  and  confirmed 
Kocher's  experiment,  and  in  addition  apparently  prevented  tetany  in 
parathyroidectomized  dogs  by  packing  the  opening  in  an  animal's  tibia 
with  cotton  wet  with  bichlorid  of  mercury.  These  experiments,  along 
with  the  observations  of  Vincent  and  Thompson  (Mrs.)92  on  a  compara- 
tive embryology  and  physiology  of  the  thyroid,  would  seem  to  reopen 
the  whole  question  of  the  related  function  of  these  two  glands. 
vol.  v  -61 
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CHAPTER   LXXIX. 

THE   INTRACRANIAL   SURGERY   OF   THE  FIFTH    (TRI- 
GEMINAL) AND  THE  EIGHTH  (AUDITORY)  NERVES. 

By  Charles  H.  Fraziek,  M.  D., 

PHILADELPHIA. 


L   THE  TRIGEMINAL  NERVE  (N.  TRIGEMINUS). 

In  a  consideration  of  the  intracranial  operations  upon  the  fifth 
cranial  nerve  (N.  trigeminus),  it  is  assumed  that  we  have  to  do  only 
with  the  major  or  epileptiform  neuralgias,  at  least  for  the  most  part, 
bearing  in  mind,  however,  that  by  pressure  or  infiltration  a  neighboring 
tumor  of  the  brain  or  skull  may  so  involve  the  ganglion  of  Gasser  as  to 
require  surgical  intervention  if  only  to  afford  temporary  relief.  The 
intracranial  operations  are  called  for  when  the  symptoms  indicate  the 
involvement  of  more  than  one  division,  and  when  the  frequency  and 
severity  of  the  paroxysms  bespeak  the  gravest  type  of  the  disease,  and 
are  undertaken  usually  when  other  measures  have  been  tried  and 
failed.  The  majority  of  patients  presenting  themelves  for  operation 
are  past  middle  life,  and  usually  have  submitted  to  various  methods 
of  treatment,  including  the  administration  of  internal  remedies,  the 
extraction  of  teeth,  the  treatment  of  suspected  sinus  disease,  alcohol 
injections,  and  a  number  of  peripheral  operations.  They  are  worn  out 
with  intense  suffering  and  sleepless  nights,  are  poorly  nourished,  and 
often  addicted  to  the  use  of  morphin  or  alcohol  in  large  quantities. 
While  often  not  the  most  favorable  subjects  for  operation,  nevertheless, 
by  the  avoidance  of  hemorrhage,  shock,  and  infection,  the  chances  of 
immediate  recovery  with  absolute  and  complete  cessation  of  symptoms 
are  greater  than  after  a  great  many  other  major  operations. 

As  to  the  pathogenesis  of  trigeminal  neuralgia  there  is  no  unanimity 
of  opinion.  Excluding  primary  or  secondary  involvement  of  the 
ganglion  by  malignant  tumor,  there  are  a  number  of  instances  of  genuine 
major  neuralgia  in  which  demonstrable  lesions  of  the  ganglion  or  its 
divisions  have  been  conspicuous  by  their  absence.  On  the  other  hand, 
certain  cellular  changes  have  been  found  in  the  ganglion  of  patients 
suffering  from  tic  douloureux,  while  precisely  the  same  changes  have 
been  found  when  tic  douloureux  did  not  exist  (Caminiti).  The  disease 
may  be  of  central  origin — that  is,  from  a  lesion  in  the  pons,  in  the 
sensory  root,  or  in  the  ganglion  itself;  the  ganglion  may  be  involved 
primarily  or  secondarily  to  diseases  of  the  peripheral  branches.  In  a 
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word,  there  remains  to  be  found  a  lesion,  either  central  or  peripheral, 
which  is  either  constant  or  characteristic.  This  view  is  held  by  such 
authorities  as  Spiller,  Hutchinson,  and  Krause. 

Historic  Note. — A  quarter  of  a  century  ago  Dr.  J.  Ewing  Mears, 
of  Philadelphia  advocated  extraction  of  the  Gasserian  ganglion  for 
intractable  cases  of  tic  douloureux.  While  this  proposal  was  made 
in  1884,  the  first  successful  operation  was  performed  by  Rose  in  1890 
and  repeated  in  1891,  and  in  the  same  year  Horsley,  failing  in  an 
attempt  to  remove  the  ganglion,  avulsed  the  sensory  root,  but  the 
patient  did  not  survive  the  operation.  Since  that  timq  a  number  of 
important  contributions  to  the  subject  have  been  made,  and  by  a  process 
of  evolution  and  elimination  a  technic  has  been  elaborated  and  so 
perfected  that  the  operation,  far  from  being  the  dangerous  and  hazardous 
procedure  of  a  decade  ago,  is  attended  with  a  mortality  quite  as  low 
as,  if  not  lower,  than  many  other  of  the  more  common  major  surgical 
procedures.  The  reduction  of  the  mortality  is  in  large  measure  due 
to  the  fact  that  it  has  been  found  unnecessary  to  remove  the  ganglion 
in  toto.  It  is  interesting  to  see  how,  chronologically  considered,  the  steps 
of  the  operation  have  been  simplified.  At  first  it  was  thought  best  to 
remove  the  ganglion  in  toto,  and  the  unsuccessful  attempts  in  the  early 
days  were  responsible  for  many  cases  of  so-called  recurrence.  Later 
on  some  surgeons  advocated  the  removal  of  only  the  outer  and  posterior 
portion  of  the  ganglion  (Horsley,  Hutchinson,  Jr.);  still  later,  the 
division  of  the  second  and  third  divisions,  with  the  interposition  of 
foreign  material  to  prevent  regeneration,  was  proposed  (Abbe),  and, 
finally,  Spiller  proposed  the  division  or  avulsion  of  the  sensory  root, 
leaving  the  ganglion  wholly  intact.  While  the  foundation  stone  was 
laid  by  Mears  in  1884,  the  keystone  of  the  arch  was  set  in  1901  when 
Spiller  proved  that  if  once  it  is  divided  the  sensory  root  would  not 
regenerate  itself.  This  may  be  said  to  be  the  last  consequential  con- 
tribution to  the  development  of  the  technic  of  the  central  operation. 

Anatomic  Consideration. — No  operation  demands  a  greater  famil- 
iarity with  the  anatomic  relations,  and  especially  with  the  frequent 
variations  from  the  normal.  The  ganglion  itself  is  situated  on  the 
apex  of  the  petrous  portion  of  the  temporal  bone  in  the  cavum  Meckelii. 
To  its  inner  side  will  be  found  the  cavernous  sinus  and  the  third,  fourth, 
and  sixth  cranial  nerves  (NN,  oculomotor,  trochlearis,  and  abducens), 
of  which  the  latter  bears  the  closest  relation,  and  is,  therefore,  most 
exposed  to  trauma  (Fig.  450).  The  ganglion  itself  is  somewhat  crescen- 
tic  in  form,  measures  approximately  2  by  1  cm.,  and  is  enclosed  in  a  spe- 
cial dural  sheath  (dura  propria).  The  latter  must  always  be  incised  and 
reflected  before  the  ganglion  itself  comes  into  view.  Generally  speaking, 
the  dura  propria  adheres  firmly  to  the  underlying  ganglion,  but  at  a 
point  where  the  superior  maxillary  division  enters  the  foramen  rotundum 
it  is  most  easily  separated.  The  blood-supply  of  the  ganglion  is  derived 
from  a  branch  of  the  middle  meningeal  artery  and  a  small  branch  of 
the  internal  carotid  artery.  They  enter  the  ganglion  from  its  under 
surface;  consequently,  in  attempts  at  extraction,  the  most  profuse  and 
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troublesome  hemorrhage  is  not  encountered  until  the  attempt  is  made 
to  dislodge  the  ganglion  from  its  bed.  The  foramen  spinosum,  through 
which  the  middle  meningeal  artery  penetrates  the  base  of  the  skull,  is 
to  the  outer  side  of  the  ganglion,  sometimes  anterior,  sometimes  pos- 
terior to  the  foramen  ovale.  In  an  examination  of  some  fifty  skulls, 
Arnyx  called  attention  to  this  great  variation  in  the  course  of  the  middle 
meningeal.  In  some  instances  he  found  it  between  the  foramen  rotun- 
dum  and  foramen  ovale;  in  some  it  was  not  present  at  all,  and  in  some 
it  was  found  internal  to  the  foramen  ovale.  Bartlett  and  Dollinger 
have  also  observed  this  variation  between  the  foramina  spinosum, 
ovale,  and  rotundum.  In  6  per  cent,  of  his  cases  Dollinger  found  the 
foramen  spinosum  in  front  of  the  anterior  border  of  the  foramen  ovale, 
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Fig.  450. — Gasserian   Ganglion   ok  Left  Side   Viewed  from   Above:  Sensory  and  Motor 
Roots*  and  Three  Divisions  ok  Trigeminal  Nerve  are  Seen.     (Piersol's  Anatomy.) 

thus  rendering  the  third  branch  inaccessible.  In  the  majority  of  in- 
stances, therefore,  and  this  is  the  practical  significance  of  these  anatomic 
considerations,  the  middle  meningeal  artery  at  its  emergence  from  the 
foramen  interferes  with  the  direct  approach  to  the  posterior  portion 
of  the  ganglion  and  its  sensory  root.  In  order,  therefore,  to  render 
these  accessible  it  is  necessary  to  ligate  and  divide  the  artery. 

If,  on  the  other  hand,  for  one  reason  or  another  the  operator  prefers 
to  depend  upon  the  removal  of  the  ganglionic  structure  as  a  means  of 
permanent  relief,  he  should  be  content,  providing,  of  course,  the  opthal- 
mic  division  is  not  involved,  with  the  removal  of  only  the  lower  portion 
of  it  with  the  second  and  third  divisions  rather  than  attempt  total 
extraction.  Both  from  practical  and  theoretic  considerations,  Hutch- 
inson has  made  out  a  strong  case  in  favor  of  this  method;  in  the 
vast  majority  of  instances  only  the  second  and  third  divisions  are 
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involved,  and  it  has  been  proved  by  clinical  results  that  in  each  instance 
there  will  be  no  recurrence,  even  though  the  inner  aspect  and  the 
ophthalmic  division  are  left  intact.  In  1905  he  had  carried  out  this 
operation  upon  7  patients,  and  they  had  been  entirely  free  from 
recurrence  for  periods  ranging  from  two  to  seven  years.  With  this 
modification  of  the  technic  of  total  extraction  (1)  there  is  no  anesthesia 
of  the  cornea,  and  hence  no  risk  of  loss  of  the  eye;  (2)  there  should  be 
no  danger  of  injuring  the  oculomotor  nerves  or  of  wounding  the  cav- 
ernous sinus;  and  (3)  the  severity  of  the  operation  is  rendered  less,  the 
degree  of  hemorrhage  and  the  chance  of  injurious  pressure  on  the  brain 
both  being  materially  diminished.  Abbe's  operation,  somewhat  sim- 
ilar to  Hutchinson's,  in  that  only  the  second  and  third  divisions  are 
dealt  with,  does  not  give  the  same  guarantee  against  recurrence.  As  a 
matter  of  fact,  once  the  ganglion  and  these  two  divisions  have  been 
exposed,  the  most  tedious  part  of  the  operation  has  been  completed, 
and  after  the  second  and  third  divisions  have  been  divided  at  their 
respective  foramina  (Abbe)  it  adds  but  little  to  the  time  and  difficulties 
to  remove  the  adjacent  portion  of  the  ganglion  (Hutchinson).  We  have, 
therefore,  apart  from  other  considerations,  practically  four  methods 
from  which  to  choose;  namely,  the  division  of  the  root,  total  extraction 
of  the  ganglion,  extraction  of  the  portion  adjacent  to  the  second  and 
third  divisions,  and  simple  division  of  the  latter  with  interposition  of 
some  foreign  material.  Apart  from  these,  there  are  a  number  of  other 
important  technical  considerations,  not  the  least  of  which  is  the  method 
of  approach. 

Method  of  Approach. — Of  these  there  are  a  number — viz:  the 
pterygoid  route  (Rose),  now  more  or  less  obsolete,  the  Hartley-Krause 
or  temporal  route,  still  practised,  but  not  so  universally,  the  infratem- 
poral route  (Lexer-Cushing),  the  zygomatic-basal  route  (Doyen  and 
Quenu),  and  the  auriculotemporal  (Frazier).  The  ideal  approach  is 
one  which  will  give  an  adequate  exposure  of  the  ganglion  itself  without 
exerting  too  much  pressure  upon  the  brain,  one  which  does  not  necessi- 
tate the  division  of  the  upper  or  temporofacial  branch  of  the  facial 
nerve,  and  one  which  causes  the  least  disfigurement.  Krause's  incision 
is  the  only  one  in  which  the  upper  branch  of  the  facial  nerve  is  seriously 
exposed  to  injury.  In  the  infratemporal  route  there  is  a  possibility 
of  injuring  that  subdivision  of  the  temporofacial  branch  which  sup- 
plies the  occipitofrontalis  and  corrugator  supercilii,  although  the  inner- 
vation to  the  orbicularis  palpebrarum  is  only  partially  disturbed,  as 
it  also  receives  a  supply  from  the  malar  and  infra-orbital  branches. 
Kocher's,  the  Lexer-Cushing,  and  the  author's  incision  offer  the  surest 
guarantee  of  safety  to  the  facial  nerve.  (So  much  stress  would  not  be 
laid  upon  the  importance  of  leaving  the  nerve  intact  did  it  not  play 
so  important  a  part  in  the  etiology  of  keratitis,  and  this,  after  all, 
with  the  possible  ultimate  enucleation  of  the  eye,  is  the  most  serious 
of  the  operative  sequela*.) 

As  to  the  selection  and  size  of  the  opening  in  the  skull,  there  is  some 
difference  of  opinion.     The  lower  margin  of  the  opening  should  extend 
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down  to  within  a  reasonable  distance  of  the  ganglion,  a  convenient  limit 
being  the  infratemporal  crest.  If  one  attempts  to  remove  the  bone  as 
far  as  the  foramina — a  practice  of  the  French  school  of  surgeons — 
troublesome  hemorrhage  may  arise  from  the  pterygoid  plexus  of  veins, 
and  this  in  itself  may  be  a  serious  if  not  a  fatal  complication  (Krause's 
experience).  The  thickness  of  bone  at  the  base  of  the  skull  is  another 
objection  to  this  practice.  On  the  other  hand,  it  is  not  necessary  to 
have  the  upper  margin  of  the  opening  extend  as  high  as  in  the  Hartley- 
Krause  opening.  To  be  precise,  an  opening  3  cm.  in  diameter,  measured 
from  the  infratemporal  crest,  will  meet  all  the  indications.  A  majority 
of  surgeons  resect  the  zygoma,  either  temporarily  or  permanently,  as  a 
matter  of  convenience,  though  in  my  own  experience  this  has  not  been 
found  necessary. 

Control  of  Hemorrhage. — At  one  time  hemorrhage  was  considered 
the  most  serious  obstacle  to  the  successful  operation  on  the  ganglion 
and,  together  with  infection  and  shock,  was  responsible  for  the  greatest 
number  of  fatalities.  The  larger  one's  experience,  the  less  consideration 
is  given  to  hemorrhage  as  more  than  a  troublesome  feature.  It  is 
curious  what  a  degree  of  variation  in  the  amount  of  hemorrhage  one 
experiences  in  a  given  series  of  cases.  As  a  rule,  the  older  the  patient 
the  freer  the  bleeding,  but  even  to  this  statement  there  are  marked 
exceptions.  When  spoken  of  in  connection  with  operations  upon  the 
ganglion,  we  have  in  mind  the  bleeding  which  occurs  when  the  dura  is 
being  separated  from  the  base  of  the  skull,  and  the  nearer  to  the  ganglion 
the  freer  the  bleeding.  It  is  mostly  venous  in  origin,  from  the  diploic 
veins.  As  a  means  of  controlling  hemorrhage,  preliminary  ligation  of 
the  external  carotid  artery  has  been  practised,  but  the  results  scarcely 
justify  the  procedure.  In  one  of  Fowler's  cases  even  after  preliminary 
ligation  bleeding  was  so  abundant  as  to  necessitate  postponement  of 
the  first  stage  of  the  operation.  There  are  but  two  really  effective 
methods  of  hemostasis,  the  tampon  and  posture.  By  intelligently  and 
judiciously  placed  tampons,  introduced  on  either  side  of  the  avenue  of 
approach,  hemorrhage  from  this  source  may  be  controlled,  and  to 
control  bleeding  from  the  depths  of  the  wound — that  is,  in  the  immediate 
neighborhood  of  the  ganglion — there  is  no  better  way  than  to  make 
direct  pressure  over  the  ganglion  with  the  end  of  the  retractor,  which, 
being  constantly  in  the  wound,  is  always  available  for  this  purpose. 
The  habit  of  filling  the  wound  temporarily  with  a  tampon  so  large  as 
to  obscure  the  entire  field  is  objectionable  in  that  it  involves  consider- 
able delay.  By  introducing  small  strips  of  gauze  directly  over  the 
bleeding  points  the  operation  may  continue,  as  a  rule,  without  interrup- 
tion. Occasionally  excessive  heat  may  be  employed  to  advantage  by 
wringing  the  tampons  out  of  boiling  water  just  before  they  are  intro- 
duced. 

Posture. — Following  the  suggestion  of  Von  Bergmann,  the  patient 
should  be  placed  in  the  semivertical  or  erect  posture.  It  serves  a  two- 
fold purpose,  first  in  that  it  has  a  decided  influence  in  controlling  hemor- 
rhage, and,  secondly,  with  the  stage  of  the  operating  table  properly 


THE    TRIGEMINAL    NERVE. 


969 


adjusted  it  places  the  field  of  operation  directly  on  a  level  with  the  eye 
of  the  operator  (Fig.  451). 

Ligation  of  the  Middle  Meningeal  Artery.— Sufficient  has 
already  been  said  concerning  the  topography  of  the  foramen  spinosura 
in  its  relation  to  the  ganglion,  at  least,  to  suggest  the  rationale  of  resorting 
to  ligation  as  a  routine  procedure.  However,  this  is  a  matter  in  which 
with  individual  operators  there  is  some  difference  of  opinion;  thus 
Lexer,  Krause,  Kocher,  and  Frazier  ligate  the  artery  in  every  case. 
It  requires  but  a  moment  or  two  to  apply  the  ligature,  and  after  the 
artery  has  been  divided  distal  to  the  ligature,  the  ganglion,  at  least  the 
posterior  part  with  its  sensory  root,  is  much  more  easy  of  access. 

Without  a  word  as  to  the  cavernous  sinus,  any  discussion  of  the 
problem  of  hemorrhage  would  be  incomplete.  The  sinus  has  been 
injured  a  number  of  times,  but  only  in  attempts  at  extracting  the  gan- 


Fio.  451. — Vertical  Posture  and  Special  Operation  Chair  and  Head  Rest  for  Operations 
on  the  Cja&merian  Ganglion. 


glion.  Though  not  of  necessity  fatal,  hemorrhages  from  the  sinus  may 
be  alarming,  and  in  examining  the  records  of  fatal  cases  it  will  be 
noticed  that  in  many  instances  the  operation  has  been  accompanied 
by  such  profuse  bleeding  as  to  necessitate  its  abandonment,  at  least 
for  the  time  being.  As  a  matter  of  fact,  Lexer  regarded  injury  to  the 
sinus  as  almost  unavoidable,  and  in  10  out  of  his  first  14  cases  because 
of  severe  bleeding  the  operation  had  to  be  divided  into  two  stages. 
One  of  the  strongest  arguments  in  favor  of  the  "sensory  root/'  the 
Abbe,  or  Hutchinson  operations  is  the  preservation  of  the  integrity 
of  the  sinus  and  adjacent  nerves. 

Whether  or  not  the  zygoma  should  be  resected  is  a  matter  of  little 
consequence.  Probably  the  majority  of  operators  prefer  either  tem- 
porary or  permanent  resection,  although  the  advantages  to  be  gained 
have  never  seemed  to  justify  the  additional  time  it  requires. 
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The  trigeminal  nerve  in  many  respects  resembles  a  spinal  nerve,  in 
that  it  has  a  sensory  root  bearing  a  ganglion  and  a  motor  root.  A 
further  analogy  may  be  drawn  between  the  two,  in  that  in  either  case 
once  divided  the  sensory  root  will  not  undergo  regeneration.  The 
latter,  composed  only  of  the  axones  of  the  Gasserian  neurones,  leaves 
the  posterior  aspects  of  the  ganglion  and  passes  backward  and  inward 
through  an  opening  in  the  dura  mater,  beneath  the  attachment  of  the 
tentorium  cerebelli,  to  the  posterior  clinoid  process.  At  this  point, 
corresponding  to  the  apex  of  the  petrous  bone,  it  enters  the  posterior 
fossa,  traversing  the  latter  to  enter  the  brain-stem  on  the  lateral  aspect 
of  the  pons. 

The  motor  root,  which  is  distributed  eventually  to  the  muscles  of 
mastication,  the  mylohyoid,  and  anterior  belly  of  the  digastric,  after 
leaving  the  pons,  follows  the  same  course  as  the  sensory  root,  and  then 
passes  behind  the  ganglion  to  become  an  integral  part  of  the  mandibular 
division.  Being  very  much  smaller  than  the  sensory  root  and  situated 
behind  it,  the  possibility  of  isolating  one  from  the  other  before  the 
sensory  root  is  divided  is  very  remote.  So  that  after  an  operation 
having  for  its  object  the  division  of  the  sensory  root,  paralysis  of  the 
muscles  supplied  by  the  motor  root  is  an  almost  constant  sequel;  I  say 
almost  constant,  because  at  least  in  one  of  my  cases,  judging  from  the 
absence  of  paralyis  of  the  masseter  muscle,  the  motor  root  must  have 
been  preserved. 

It  should  be  remembered,  too,  that  the  temporal  muscle  also  receives 
its  nerve  impulses  through  the  motor  root,  so  that  as  the  muscle  atro- 
phies one  must  expect  to  see  a  well-marked  depression  in  the  fossa  above 
the  zygoma,  ordinarily  filled  with  the  temporal  muscle. 

The  middle  meningeal  artery,  entering  the  skull  through  the  foramen 
spinosum,  passes  upward  and  outward  along  the  great  wing  of ^  the 
sphenoid,  where  it  divides  into  an  anterior  and  a  posterior  branch.  Its 
course  can  be  readily  followed  down  to  its  foramen  when  the  region  is 
exposed  in  the  temporal  approach  to  the  ganglion.  At  the  anterior 
inferior  angle  of  the  parietal  bone  is  a  groove  or,  in  some  instances,  a 
closed  canal  (Sulcus  arteriosus)  to  accommodate  the  anterior  branch. 
To  avoid  lacerating  the  vessel  and  so  to  avoid  troublesome  hemorrhage 
the  opening  in  the  skull  should  be  made  low  enough  to  avoid  this  portion 
of  the  parietal  bone. 

One  of  the  most  important  of  the  anatomic  considerations  is  the 
relation  of  the  facial  nerve  to  the  musculocutaneous  incision.  If  the 
upper  or  temporofacial  branch  is  cut,  paralysis  of  the  orbicularis  pal- 
pebrarum will  follow  with  inability  to  close  the  eye.  Not  only  is  this 
an  unnecessary  and  conspicuous  disfigurement,  but  may  prove  to  be 
the  determining  factor  in  the  production  of  an  ulcerative  eratitis. 
The  latter  is  obviously  so  serious  a  complication  that  every  precautionary 
measure  must  be  adopted.  Whatever  the  method  of  approach,  there- 
fore, the  incision  must  be  so  fashioned  as  to  leave  unharmed  this  branch 
of  the  facial  nerve.  The  temporofacial  branch  crosses  the  zygoma 
about  midway  between  its  anterior  and  posterior  attachments,  traversing 
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a  line  drawn  from  a  point  just  in  front  of  the  external  auditory  meatus 
to  the  external  angular  process  of  the  frontal  bone.  But  before  reaching 
this  process  the  temporofacial  division  breaks  up  into  several  branches 
— the  temporal,  malar,  infra-orbital — and  of  these  each  gives  fibers  to 
some  portion  of  the  orbicularis. 

Of  the  bony  processes,  one  should  have  a  definite  picture  of  the 
position  of  the  infratemporal  crest  at  the  base  of  the  skull,  and  of  the 
variation  in  the  distance  between  the  crest  and  the  ganglion.  In  most 
operations  the  opening  in  the  skull  is  made  to  extend  as  far  down  as 
the  infratemporal  crest;  the  distance  one  must  traverse  from  this  point 
till  one  reaches  the  ganglion  varies  according  to  the  shape  of  the  skull. 
In  the  brachiocephalic  skull  the  distance  between  those  two  points  may 
be  greater  by  from  1  to  2  centimeters  than  in  the  dolichocephalic 
skull. 

Technic. — Many  methods  of  exposing  the  Gasserian  ganglion  have 
been  proposed  at  various  times.  After  the  suggestion  of  Mears,  in  1884, 
and  the  operations  by  Rose,  in  1890  and  1891,  in  which  he  employed  the 
pterygoid  route,  the  most  noteworthy  contribution  was  made  simul- 
taneously, but  quite  independently  of  one  another,  by  Hartley,  of 
New  York,  and  Krause,  of  Altoona,  in  the  year  1892.  Hitherto  none 
other  than  the  pterygoid  route  had  been  proposed,  but  shortly  after 
the  Hartlcy-Krause  contribution  Horslcy  proposed  the  temporary 
resection  of  the  zygoma  and  an  approach  to  the  ganglion  by  the  tem- 
porosphenoidal  route,  an  operation  subsequently  advocated  by  Poirier 
in  1897.  From  that  time  to  the  present  many  modifications  to  one  or 
the  other  of  the  three  original  methods  have  been  suggested,  the  most 
noteworthy  by  Keen,  Tiffany,  Kocher,  Horsley,  Hutchinson,  Jr.,  Gushing, 
Abbe,  and  Spiller.  To  these  must  credit  be  given  for  the  wonderful 
transformation  from  the  somewhat  hazardous  undertaking  of  a  decade 
or  two  ago  to  the  eminently  satisfactory  stage  of  the  modern  technic. 
A  description  will  be  given  of  four  of  the  most  commonly  used  methods, 
but  for  the  uninitiated  in  this  field  of  surgery  a  word  of  warning  should 
be  given  to  any  contemplating  an  operation  upon  the  living  subject 
before  he  has  become  proficient  by  repeated  operations  on  the  cadaver, 
no  matter  what  method  he  chooses  to  employ.  Even  after  he  has 
familiarized  himself  with  the  steps  of  the  operation  on  the  cadaver  he 
will  be  more  or  less  embarrassed  at  his  first  experience  on  the  living 
subject  by  the  more  or  less  continuous  oozing — a  troublesome  feature 
— to  which  his  work  on  the  cadaver  will  not  accustom  him.  Finally, 
in  his  selection  of  a  method  he  must  choose  that  which  in  his  own  hands 
he  finds  the  most  effective;  that  is,  the  one  which  he  executes  with  the 
least  risk  not  only  to  the  life  of  the  patient,  but  with  the  minimum 
damage  to  the  structures  in  the  operative  territory. 

Discussion  of  the  Various  Operative  Procedures. — For  reasons  already 
given,  the  "sensory  root"  operation  is  believed  to  be  the  operation  of 
choice.  Even  to  the  impartial  observer  there  can  be  no  doubt  that  it 
is  easier  to  avulse  the  root  than  to  remove  all  or  a  portion  of  the  ganglion. 
As  Bryant  says,  "Should  the  outcome  show  that  failure  of  regeneration 
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of  the  divided  or  resected  nerve  prevents  the  return  of  the  affliction, 
then,  indeed,  will  the  technic  be  simplified  and  the  dangers  and  sequels 
correspondingly  lessened." 

The  Two-stage  Operation.— This  should  be  regarded  only  as  a 
resort  of  necessity  and  not  of  choice,  and  it  will  be  necessary  only 
in  exceptional  instances.  In  my  own  series  of  28  cases  it  was  re- 
sorted to  only  twice,  and  in  one  the  source  of  hemorrhage  was  a  large 
vascular  tumor  at  the  base  of  the  skull  with  secondary  involvement  of 
the  ganglion.  The  objections  to  the  two-stage  operation  are  self- 
evident;  first,  there  is  the  risk  and  annoyance  of  a  second  anesthetiza- 
tion; second,  there  is  the  risk  of  infection,  since  the  tampon  introduced 
into  the  wound  to  control  hemorrhage  serves  as  an  avenue  of  infection ; 
and  third,  what  is  of  more  serious  moment,  the  continued  pressure 
of  the  tampon  on  the  cortex  has  caused  such  pressure  phenomena  as 
aphasia  and  even  hemiplegia.  On  an  average,  the  operation  should 
be  completed  in  from  one  to  two  hours;  with  the  patient  carefully 
anesthetized  and  properly  protected  against  exposure,  there  is  no  reason 
why  the  operation  should  not  be  completed  in  one  stage.  There  may 
be  exceptional  instances  in  which,  because  of  persistent  bleeding  or 
the  intolerance  of  the  patient  to  the  operative  procedure,  it  may  be 
more  prudent  to  postpone  the  final  stage  of  the  operation  for  a  few  days. 

The  Hartley-Krause  Method. — A  horseshoe-shaped  incision  is 
made  down  to  the  bone,  beginning  just  behind  the  external  angular 
process  of  the  frontal  bone  and  terminating  in  front  of  the  tragus. 
The  superior  margin  of  the  flap  corresponds  to  the  supratemporal  ridge 
and  the  base  of  the  flap  to  the  zygoma.  The  corresponding  underlying 
bone  is  divided  along  the  lines  of  the  musculocutaneous  incision,  and 
the  osteoplastic  flap  thus  formed  is  reflected.  In  this  procedure  the 
middle  meningeal  artery  or  its  branches  may  be  torn  and  hemorrhage 
should  be  controlled  by  ligation.  The  zygoma  is  not  resected.  The 
ganglion  and  its  divisions  are  then  exposed  by  separating  the  dura  and 
cautiously  raising  the  brain  from  the  middle  fossa.  The  second  and 
third  divisions  are  exposed  and  traced  backward  to  the  ganglion. 
After  the  latter  has  been  thoroughly  isolated,  it  is  seized  with  hemo- 
static forceps,  the  second  and  third  divisions  divided  with  scissors  at 
their  point  of  entrance  into  the  foramina,  then,  by  rotating  the  forceps, 
the  remainder  of  the  ganglion,  together  with  the  motor  root,  is  torn 
from  its  bed. 

The  Lexer=Cushing  Method  of  Exposure.— The  essential  feature 
of  this  method  is  the  low  position  of  the  incision  as  compared  with  the 
high  Hartley-Krause  incision.  The  latter  is  described  as  the  temporal 
and  the  former  as  the  infratemporal  root.  The  anterior  limb  of  the 
Lexer  incision  terminates  just  behind  the  frontal  process  of  the  malar 
bone.  The  anterior  limb  of  the  Gushing  incision  is  still  shorter.  The 
posterior  end  of  the  incision  of  both  terminates  a  finger's  breadth  in 
front  of  the  ear  over  the  root  of  the  zygoma.  Lexer  reflects  the  zygoma 
temporarily  and  Gushing  removes  it.  After  separating  the  musculo- 
cutaneous flap  and  the  periosteum  from  the  under  surface  of  the  great 
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ring  of  the  sphenoid  as  far  as  the  infratemporal  crest,  an  opening  is  made 
in  the  skull  and  enlarged  forward,  backward,  and  downward,  almost 
as  far  as  the  foramen  ovale.  The  upper  margin  of  the  opening  should 
be  below  the  sulcus  arteriosus  of  the  anterior  inferior  angle  of  the  parietal 
bone.  Lexer  ligates  the  middle  meningeal  artery  in  all  cases,  Cushing 
does  not.  Both  recommend  in  all  cases  the  removal  of  the  ganglion 
in  to  to. 

Horsley's  Method. — His  method  of  exposure  corresponds  very 
closely  with  that  just  above  described.  Horsley,  however,  concludes 
the  operation  with  the  complete  extraction  of  the  ganglion  in  the 
following  way:  "The  anterior  and  superior  borders  of  the  ganglion, 
having  been  divided  with  a  sector  and  raised  by  pulling  up  from  its 
bed,  it  is  then  separated  by  dividing  the  inferior  division,  then  the 
middle  division,  and,  finally,  by  detachment  of  the  superior  divisions  of 
the  ganglion.  The  ganglion  is  then  drawn  up  until  it  is  found  that  the 
sensory  and  motor  roots  have  become  detached  from  the  pons  and  is 
extracted  in  its  full  length." 

Kocher's  Method. — This  differs  radically  from  all  others  in  that 
the  incision  is  made  with  the  convexity  downward,  beginning  about 
1  cm.  behind  the  frontal  process  of  the  malar  bone  and  extending 
obliquely  downward  to  just  below  the  root  of  the  zygoma.  It  is  carried 
from  this  point  at  right  angles  upward,  just  in  front  of  the  ear.  This 
incision  is  designed  especially  to  avoid  injuring  the  upper  branch  of 
the  facial  nerve.  The  temporal  arteries  are  ligated  and  the  temporal 
fascia  and  periosteum  separated  from  the  upper  end  of  the  zygoma; 
the  latter  is  temporarily  resected.  The  opening  of  the  skull  extends 
down  almost  as  far  as  the  foramina  ovale  and  rotundum  and  upward 
for  a  distance  of  3  cm.,  separating  the  dura  from  the  base  of  the  skull; 
the  middle  meningeal  artery  is  ligated  and  the  maxillary  division  of 
the  nerve  exposed.  At  this  point  the  dura  propria  is  divided  and 
dissected  backward  sufficiently  to  expose  the  posterior  aspect  of  the 
ganglion.  The  sensory  root  is  picked  up  on  a  hook,  grasped  with 
forceps,  and  slowly  avulsed.  Kocher  has  not  seen  a  case  of  recurrence 
after  this  plan  of  operation. 

Hutchinson's  Method. — An  oval  musculocutaneous  flap  is  reflected, 
having  its  base  at  the  zygoma  and  its  upper  end  l\  inches  above,  its 
posterior  border  running  toward  the  condyle  of  the  lower  jaw.  Upon 
reflecting  the  flap  several  branches  of  the  temporal  artery  are  secured 
with  forceps,  and  an  opening  in  the  skull  made  with  a  trephine  midway 
between  the  external  auditory  meatus  and  the  external  angular  process 
of  the  frontal  bone.  The  opening  is  enlarged  with  Hoffman's  forceps 
as  far  as  the  infratemporal  crest,  and  after  detaching  the  dura  from  the 
floor  of  the  middle  fossa  the  inferior  and  superior  maxillary  divisions 
are  thoroughly  exposed.  The  dural  sheath  of  the  ganglion  is  detached 
in  an  upward  and  backward  direction  until  the  greater  portion  of  the 
ganglion  has  been  exposed;  with  a  narrow-bladed  knife  or  tenotome 
the  inferior  and  superior  maxillary  divisions  are  cut  cleanly  across, 
just  above  the  foramina,  the  ganglion  grasped  with  toothed  forceps, 
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and  the  outer  two-thirds  removed.     That  portion  in  relation  to  the 

ophthalmic  division  and  the  ophthalmic  division  itself  are  left  intact. 

Hutchinson  believes  in  some  cases  it  is  impossible  to  expose  the  ganglia 

sufficiently  without  tying  and  dividing  the  middle 

{*  meningeal  artery. 

Abbe  Method.— In  1903  Abbe  suggested  a  simpli- 
fication of  the  more  radical  procedures,  which  con- 
sisted in  dividing  the  inferior  and  superior  maxillary 
divisions,  followed  by  the  interposition  of  rubber 
tissue  or  a  rubber  disk  to  prevent  regeneration  of 
the  nerve.  The  ganglion  is  left  intact.  He  has 
been  able  to  obtain  sufficient  exposure  of  the  struc- 
tures through  a  vertical  incision,  and  in  this  respect 
the  technic  differs  from  the  others  hitherto  described. 
The  Spiller-Frazier  Method  (Division  of  the 
Sensory  Root  by  the  Auriculotemporal  Route). — The 
essential  features  of  this  operation  is  the  division 
or  avulsion  of  the  sensory  root  exclusively  without 
interfering  with  the  ganglion  itself.  The  approach 
to  the  ganglion  is  made  through  an  opening  some- 
what posterior  to  that  employed  by  other  surgeons. 
The  center  of  this  opening  is  about  on  a  line  with 
the  point  at  which  the  sensory  root  passes  into  the 
ganglion.  Inasmuch  as  this  method  does  not  neces- 
sitate exposure  of  the  anterior  portion  of  the  gan- 
glion, including  its  first  and  second  divisions,  this 
method  of  approach  is  preferred.  Under  nitrous 
oxid  ether  anesthesia,  preceded  by  the  administration 
of  a  hypodermic  injection  of  morphin  (grain  J)  and 
atropin  sulphate  (grain  tJ^),  with  the  patient  in  the 
vertical  posture,  a  horseshoe-shaped  incision  is  made, 
beginning  about  the  middle  of  the  zygoma  and 
terminating  behind  and  a  little  below  the  helix  of 
the  ear.  The  musculocutaneous  flap,  purposely 
made  a  little  larger  than  the  opening  in  the  skull,  is 
reflected,  the  skull  opened,  and  the  opening,  with  a 
diameter  not  exceeding  3  cm.,  enlarged  as  far  as  the 
infratemporal  crest  (Fig.  454).  The  dura  is  sepa- 
rated from  the  base  of  the  skull  with  a  blunt  instru- 
ment, such  as  the  handle  of  a  scalpel,  as  far  as  the 
foramen  spinosum,  where  the  middle  meningeal 
artery  is  ligated  and  divided  distal  to  the  ligature 
(Fig.  455).  The  dura  propria  is  incised  directly  over  the  mandibular 
division  and  dissected  from  the  superior  surface  of  the  ganglion  backward 
and  inward  until  the  sensory  root  is  exposed.  If  the  motor  root  can  be 
recognized,  it  should  be  isolated.  The  sensory  root  is  then  picked  up 
with  a  blunt  hook,  grasped  with  forceps,  and  either  divided  or  avulsed 
(Fig.  456).     Hemorrhage  is  controlled*  throughout  the  course  of  the 


Fig.  452.  —  Blunt 
Hook  Employed 
in  the  Sensory 
Root  Operation. 
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operation  by  strips  of  gauze  not  more  than  1  cm.  in  width,  introduced 
to  either  side  of  the  avenue  of  approach  in  such  a  way  as  not  to  interfere 
with  the  continuation  of  the  operation.  As  soon  as  the  sensory  root 
has  been  divided  the  anesthetic  is  discontinued,  inasmuch  as  all  the 
structures  in  the  field  of  operation  have  been  rendered  anesthetic  and 


Fig.  463. — Special  Ligature  Carrier  for  Ligation  of  the  Middle  Meningeal  Artery. 

the  patient  will  experience  no  pain  in  the  subsequent  steps  of  the 
operation.  When  the  reflexes  have  returned,  the  conjunctival  reflexes 
should  be  tested  in  order  to  assure  the  operator  that  no  fibers  of  the 
sensory  root  remain  undivided.  The  musculocutaneous  flap  is  closed 
with  tier  sutures  and  a  small  narrow  strip  of  rubber  tissue  introduced 


Pio.  464. — Showing  the  Relative  Position  and  Size  op  Musculocutaneous  Flap,  the  Base 
of  which  Corresponds  to  the  Level  of  the  Zygoma. 

in  the  posterior  angle  of  the  wound.  It  is  almost  always  necessary 
to  provide  for  the  escape  of  blood,  inasmuch  as  only  exceptionally  will 
the  field  be  entirely  dry  when  the  operation  is  concluded.  The  rubber 
tissue  is  removed  within  twenty-four  or  forty-eight  hours. 

Division  of  the  sensory  root  was  first  practised  by  Frazier  in  1901, 
and  since  that  time  has  been  used  almost  exclusively.     There  has  been 
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no  evidence  of  regeneration  of  the  sensory  root.  The  advantages 
claimed  for  this  operation  over  extirpation  of  the  ganglion  are:  first, 
that  it  is  attended  with  less  hemorrhage  because  the  ganglion  is  not 
raised  from  its  bed.  In  extirpation  of  the  ganglion  the  most  troublesome 
bleeding  is  experienced  at  this  stage  of  the  operation;  second,  it  does 
not  expose  to  injury  the  adjacent  structures — viz.,  the  cavernous  sinus 
and  the  three  cranial  nerves;  third,  it  is  possible,  though  very  rarely, 
to  preserve  the  motor  root  and  thereby  avoid  disturbance  of  the  func- 
tions of  the  muscles  of  mastication;  and.  finally,  there  is  less  likelihood 
of  ulceration  of  the  cornea. 


Mi(t<Mcmn$ml  Artf* 


Fio.  455. — Relation  of  Structures  in  the  Middle  Cerebral  Fossa  in  the  Approach  to 

THE    (iAMJLION. 

The  brain  has  been  elevated  with  a  spoon  ax  retractor  as  far  as  the  foramen  spinosum.     A  ligature 
is  being  passed  around  the  middle  meningeal  artery. 


The  patient,  directly  or  indirectly  through  his  physician  consulting 
a  surgeon  as  to  whether  or  not  he  should  submit  to  an  intracranial 
operation  for  the  relief  of  obstinate  tic  douloureux,  usually  wants  to  be 
informed  as  to  the  following  points:  first,  the  immediate  risk;  second, 
the  possibility  of  recurrence;  and  third,  the  possible  unfavorable  com- 
plications. Not  all  patients  with  "tic"  will  consider  the  matter  in 
this  deliberate  philosophic  fashion;  many  are  so  desperate  that  they 
insist  at  any  risk  upon  having  the  operation  performed  without  delay. 
Suicide  with  them  is  often  the  only  alternative  proposition.  But  to 
those  who  are  in  doubt  as  to  the  course  to  pursue,  it  is  only  right  that 
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they  should  be  provided  with  as  many  data  as  they  may  need  in  order 
to  enable  them  to  draw  an  intelligent  conclusion. 

Mortality. — The  chances  of  recovery  will  depend  somewhat  upon 
the  experience  of  the  surgeon,  a  factor  more  true  of  this  than  of  most 
other  operative  procedures.  As  Allen  Starr  once  said,  he  would  recom- 
mend an  intracranial  operation  providing  he  could  choose  the  surgeon. 
In  a  series  of  230  cases  which  I  have  collected  from  the  clinics  of  Horsley, 
Lexer,  Dollinger,  Cushing,  and  Frazier  the  mortality  was  3.7  per  cent. 
This  represents  the  risk  of  the  operation  to-day  in  competent  hands. 
But  the  idea  is  still  prevalent  among  physicians  that  the  death-rate  is 


Stfisarjf  R&ot 
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Fig.  456. — Final  Stage  in  the  "  Sensory  Root  "  Operation. 

The  mandibular  division  and  the  posterior  aspect  of  the  ganglion  have  been  exposed  and  a  hook 

passed  around  the  sensory  root  preliminary  to  avulsion. 


very  much  higher,  and  the  table  of  Tiffany's,  with  a  mortality  of  22  per 
cent,  in  a  collected  series  of  108  cases,  still  finds  its  way  into  some  modern 
writings.  As  an  example  of  an  individual  experience,  in  my  own  series 
of  28  cases  there  was  but  1  death  (3.6  per  cent.),  and  this  occurred  in 
an  aged  patient  and  not  until  the  tenth  day  after  operation.  While 
it  is  more  than  probable  that  in  the  next  ten  years  the  mortality  will  be 
still  further  lowered,  these  figures  represent  the  risk  of  the  intracranial 
operation  at  the  present  day.  Taking  into  consideration  the  age  and 
wretched  condition  of  the  patients  at  the  time  of  operation,  the  risks 
of  this  operation  compare  favorably  with  that  of  many  other  major 
procedures  in  patients  as  old  and  debilitated. 
vol.  v — 62 
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The  most  common  causes  of  death  in  the  past  have  been  shock  and 
hemorrhage,  cerebral  complications,  and  infection.  In  this  day  of 
asepsis  the  latter  should  be  almost  eliminated  as  a  factor,  especially  if 
the  practice  of  dividing  the  operation  into  two  stages  be  abolished.  As 
for  shock,  if  the  anesthetization  is  entrusted  to  competent  hands  and 
proper  methods  are  adopted  to  control  hemorrhage,  there  should  be 
none.  Hemorrhage,  prolonged  exposure,  and  careless  anesthetization 
are  the  only  conditions  which  could  be  held  accountable  for  an  operative 
death;  that  is,  a  death  within  the  first  twenty-four  or  forty-eight  hours 
after  operation.      In  a  series  of  16  fatal  cases  selected  by  Hutchinson 


Fig.  457. — Photograph  Taken  During  an  Operation  for  Avulsion  of  the  Sensory  Root; 

Nothing  but  the  Field  ok  Operation  is  Exposed. 

Note  the  size  of  the  opening,  the  use  of  the  spoon  as  a  brain  elevator,  and  the  small  tampon  used 

for  the  control  of  hemorrhage. 

the  largest  number  died  as  a  result  of  hemorrhage  or  shock,  most  of 
these  within  the  first  twenty-four  hours;  the  second  largest  number 
from  infection,  seven  days  to  three  months  after  operation,  2  died 
with  hemiplegia,  and  1  death  was  attributed  to  a  fatty  heart. 

Recurrence. — There  is  no  doubt  but  that  in  a  certain  percentage  of 
cases  there  have  been  genuine  recurrences  after  operations  having  for 
their  object  the  extirpation  of  the  ganglion.  There  is  also  not  the  least 
doubt  in  my  own  mind  that  a  number  of  these,  particularly  in  cases 
reported  a  decade  or  ?o  ago,  were  attributable  to  the  incomplete  way  in 
which  the  ganglion  was  removed.     In  considering  recurrence,  however, 
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we  must,  of  course,  exclude  all  cases  in  which  the  pain  returns  upon  the 
opposite  side,  but  fortunately  this  seldom  occurs,  as  neuralgia  of  the 
fifth  nerve  is  rarely  bilateral  except  in  diabetes  (Gowers). 

Lexer  tabulated  a  series  of  201  cases,  and  found  93  per  cent,  free 
from  recurrence.  It  is  difficult  to  account  for  actual  recurrence  when 
the  ganglion  has  been  removed  in  ioio;  nevertheless,  there  seem  to  be  a 
few  authentic  cases,  but  not  as  many  as  are  represented  in  Lexer's 
figures.  There  are  a  number  of  authors,  including  Van  Gehuchten  and 
Kocher,  who  feel  convinced  that  the  possibilities  of  recurrence  after  the 
division  or  avulsion  of  the  sensory  root,  or,  as  Van  Gehuchten  has  styled 
it,  "physiologic  extirpation  of  the  ganglion  is  practically  nil."  I  have 
yet  to  see  a  case  of  recurrence  in  which  I  was  sure  all  the  fibers  of  the 
root  had  been  removed,  and  Kocher  has  had  a  similar  experience. 

Cerebral  Complications. — Looking  over  the  more  recent  con- 
tributions to  the  literature  of  trifacial  neuralgia,  I  have  been  impressed 
with  the  absence  of  any  cerebral  conditions  complicating  operations 
upon  the  ganglion.  The  earlier  literature  of  the  subject  does  contain, 
however,  references  to  such  complications  as  temporary  somnolence, 
restlessness,  vertigo,  cephalalgia,  and  aphasia.  In  my  own  series  of 
28  cases  there  have  been  no  complications  such  as  these;  in  Krausc's 
series  of  27  cases,  reported  before  the  Thirtieth  Congress  of  the  Deutsche 
Gesellschaft  fur  Chirurgie  in  1901,  he  had  noted  at  least  one  instance  of 
each  of  the  above  disturbances.  Keen,  Poppert,  and  others  have  re- 
ported cases  in  which  the  patient  became  hemiplegic  on  the  side  opposite 
that  of  the  operation,  but  in  one  instance  on  the  side  of  the  operation. 
Lexer  records  an  instance  of  transitory  aphasia  and  somnolence,  and 
Collins  refers  to  an  instance  in  which  the  patient's  memory  was  said  to 
be  permanently  affected.  There  is  no  doubt  that  in  the  majority  of 
cases  these  disturbances  are  due  to  direct  pressure  upon  the  brain  by 
the  retractor,  or  in  certain  instances  by  the  introduction  of  large  tam- 
pons of  gauze.  The  latter  is  a  vicious  habit  and  should  not  be  coun- 
tenanced, and,  knowing  the  effect  of  undue  pressure  upon  the  cortex, 
every  precaution  should  be  exercised  to  protect  it  against  such  needless 
trauma.  One  should  not  under  any  circumstances  make  pressure  upon 
the  motor  cortex,  either  directly  by  means  of  the  retractor  on  the  side 
of  the  operation  or  indirectly  by  pressing  the  cortex  on  the  opposite 
side  against  the  skull.  In  order  to  secure  an  adequate  exposure  it  is 
necessary  to  elevate  the  brain  slightly,  not  more  than  £  inch  above 
the  base  of  the  skull.  This  will  open  a  vista  large  enough  for  all  practi- 
cal purposes,  and  if  natural  illumination  is  not  sufficient  to  light  up  the 
depths  of  the  wound,  the  operator  may  use  an  incandescent  head  lamp. 
The  fact  that  the  frequency  of  the  cerebral  complication  has  dimin- 
ished so  materially  in  the  past  ?i\o,  or  six  years  must  be  attributed  to 
the  fact  that  the  opening  in  the  skull  is  not  as  large  as  it  once  was,  nor 
extends  quite  so  high,  so  that  the  motor  cortex  is  not  uncovered  and 
unprotected,  and,  therefore,  is  not  exposed  to  danger  by  pressure. 

An  interesting  phenomenon  occurring  in  my  experience,  interesting 
perhaps  only  because  unique,  was  a  transitory  hypoglossal  palsy,  first 
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noticed  two  days  after  the  operation.  The  patient  protruded  the 
tongue  to  the  affected  side,  so  that  there  was  evidently  some  disturbance, 
peripheral  or  central,  of  the  innervation  of  the  right  side  of  the  tongue. 
That  the  hypoglossal  nerve  should  have  been  injured  during  the  opera- 
tion is,  of  course,  out  of  the  question,  or  that  pressure  on  the  cortex  could 
have  involved  the  center  presiding  over  the  movements  of  the  tongue  to 
the  exclusion  of  any  other  seems  equally  inconceivable.  The  paralysis, 
however,  was  only  transitory  in  character,  and  had  practically  disap- 
peared when  the  patient  was  discharged  from  the  hospital. 

Facial  Paralysis. — Injury  to  the  facial  nerve  in  the  performance 
of  any  operation  is  a  deplorable  accident.  In  operations  upon  the 
Gasserian  ganglion  it  has  a  special  significance.  The  inabilit  of  the 
patient  to  close  the  eye  completely,  and  thus  to  protect  the  insensitive 
cornea  by  keeping  it  warm  and  moist,  at  least  predisposes  toward  cor- 
neal complications,  although,  of  course,  there  are  other  influences,  trophic 
in  nature,  which  no  doubt  play  a  considerable  part.  It  is  the  paralysis 
of  the  muscles  supplied  by  the  upper  branch  of  the  facial  nerve,  and 
particularly  the  orbicularis  palpebrarum,  that  is  most  frequently  seen, 
although  in  some  instances  the  paralysis  has  involved  the  entire  distribu- 
tion of  the  nerve.  In  the  latter  instance  the  paralysis  may  be  due  to 
pressure  on  the  cortical  center  itself,  or  in  some  instances,  1  believe,  to 
the  direct  pressure  upon  the  nerve  trunk  caused  by  the  blade  of  the  re- 
tractor in  making  downward  traction  upon  the  musculocutaneous  flap. 
Porter,  in  describing  a  case  of  complete  facial  palsy,  suggested  that  the 
paralysis  may  have  been  due  to  trauma  resulting  from  traction  upon 
the  chorda  tympani.  Sufficient  has  already  been  said  in  the  discussion 
of  the  anatomic  considerations  of  various  operative  procedures  as  to 
the  importance  of  so  designing  the  incision  as  to  avoid  severing  the  upper 
branch  of  the  facial  nerve. 

Cutaneous  Anesthesia. — When  the  connection  between  the  periph- 
eral distribution  and  the  medullary  center  has  been  cut  off,  either  by 
avulsion  of  the  root  or  by  extirpation  of  the  ganglion,  it  is  interesting 
to  note  the  wide  variation  in  the  area  of  cutaneous  anesthesia.  The 
sensory  portion  of  the  trigeminus  supplies  common  sensation  to  the  front 
part  of  the  head,  the  face,  a  portion  of  the  external  ear,  the  eye,  the  nose, 
palate,  nasopharynx,  and  part  of  the  mouth  and  tongue.  The  dia- 
grammatic representations  of  the  trigeminal  distribution  represent  this 
area  by  a  line  drawn  from  the  vertex  of  the  skull  to  the  chin,  thence  along 
the  lower  border  of  the  jaw  to  its  angle,  thence  upward,  including  a  part 
of  the  oar  and  temporal  region,  until  it  reaches  the  median  line.  After 
extirpation  of  the  ganglion  or  division  of  the  sensor}''  root  the  area  so 
outlined  is  by  no  means  constant;  while  the  anesthesia  usually  extends 
to  the  median  line,  it  often  stops  2  or  3  cm.  short  of  the  lower  border  of 
the  jaw  and  does  not  always  include  the  ear.  Furthermore,  it  has  been 
noticed  that  even  though  immediately  after  operation  the  area  of  anes- 
thesia is  represented  by  what  might  be  called  the  maximum  distribution, 
in  course  of  time  sensation  may  be  recovered  in  what  might  be  called  the 
doubtful  zone.     The  explanation  of  these  phenomena  is  to  be  found  in 
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the  presence  in  this  zone  of  fibers  of  the  posterior  roots  of  the  cervical 
nerves.  In  a  number  of  dissections  of  the  cervical  and  trigeminal 
nerves  Zander  traced  them  to  their  smallest  filaments,  and  found  that 
the  distribution  of  the  cervical  nerves,  on  the  one  hand,  and  the  tri- 
geminal, on  the  other,  overlapped  one  another  over  a  considerable  area. 
He  was  the  first  to  call  our  attention  to  the  fact  that  the  cervical  nerves 
innervate  more  of  the  cutaneous  surface  of  the  face  and  head  than  is 
usually  depicted  in  diagrams,  and  also  that  the  area  of  distribution  of 
the  nerves  on  one  side  of  the  head  may  extend  beyond  the  median  line. 
In  comparing  the  diagrammatic  representation  of  Zander's  sections 
(Fig.  458)  with  the  record  of  an  individual  case  made  at  the  time  of 
the  operation  several  years  later  it  will  be  seen  how  the  area  in  which 
the  cervical  and  cranial  nerves  overlap  one  another  corresponds  to  the 
area  in  which  there  has  been  partial  return  of  sensation.  The  return 
of  sensation  must  be  accounted  for  by  the 
presence  of  the  cervical  nerves  rather  than 
to  any  reestablishment  of  the  trigeminal 
tract,  otherwise  we  would  find  also  some 
recurrence  of  pain,  a  phenomenon  which 
has  not  been  observed. 

Ocular  Complications. — These  may 
be  both  motor  and  trophic. 

(a)  Motor  Disturbances. — The  third, 
fourth,  and  sixth  nerves,  because  of  their 
proximity  to  the  inner  aspect  of  the  gan- 
glion, are  always  exposed  to  injury  in 
attempts  at  extirpation,  and  because  the 
sixth,  or  abducens,  lies  nearest  the  gan- 
glion it  is  more  frequently  damaged  than 
the  others.  With  a  view  toward  protect- 
ing these  nerves  from  injury,  Hutchinson 

and  Abbe  recommended  only  partial  extirpation  of  the  ganglion,  leav- 
ing intact  its  inner  portion,  together  with  the  ophthalmic  division. 

(6)  Trophic  Disturbances. — Apart  from  the  cerebral  complications, 
the  most  serious  that  can  follow  operations  upon  the  ganglion  or  its 
sensory  root  is  a  keratitis.  While  this  is  favored  by  paralysis  of  the 
upper  branch  of  the  facial  nerve  with  inability  of  the  patient  to  close  the 
eye,  the  most  important  factor  probably  is  the  disturbance  of  the  trophic 
influences,  because  keratitis  may  develop  even  when  there  has  been  no 
facial  paralysis.  Spiller  believes  that  there  may  be  certain  nerve-cell 
bodies  in  the  ganglion  itself  which  exert  some  trophic  influence  upon  the 
cornea,  and  if  they  are  left  intact  ulceration  of  the  cornea  is  less  likely 
to  occur.  Theoretically,  therefore,  there  should  be  fewer  cases  of  corneal 
complications  when  the  operative  intervention  is  limited  to  the  sensory 
root  and  no  attempt  is  made  to  remove  the  ganglion.  The  proposition 
of  Hutchinson  and  Abbe  to  leave  the  ophthalmic  division  and  a  portion 
of  the  ganglion  intact  is  deserving  of  very  serious  consideration  because 
of  the  protection  it  ensures  against  the  development  of  keratitis.     Under 


Fig.  458. — Zander  Diagram  Show- 
ing Overlapping  of  the  Dis- 
tribution of  the  Cranial  and 
Spinal  Nerves. 
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all  circumstances,  no  matter  what  the  operation,  certain  precautionary 
measures  should  be  adopted.  The  eye  should  be  protected  by  a  suitable 
shield,  such,  for  example,  as  may  be  offered  by  an  automobile  goggle 
(Fig.  459),  and  the  condition  of  the  eye  should  be  carefully  observed 


Fig.  459. — Photograph  ok  Patient  One  Week  after  Operation,  Showing  use  op  Auto- 
mobile Goggle  for  Protection  ok  Eye  and  Position  ok  Flap  Within  the  Hair  Line. 
(Author's  case.) 

for  several  weeks  or  even  months  after  the  operation,  inasmuch  as 
corneal  ulceration  may  not  develop  for  a  considerable  time.  While  the 
majority  develop  within  the  first  two  or  three  weeks,  some,  as  in 
Hutchinson's  case,  do  not  develop  until  some  months  after  the  patient 
has  been  discharged. 
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Tumors  of  the  Gasserian  Ganglion.— Whether  primary  or 
secondary,  tumors  of  the  Gasserian  ganglion  are  not  common.  The 
writings  of  Spiller,  Marchand,  Hofmeister  and  Meyer,  and  Raffaello 
Giani  fully  cover  the  entire  subject  and  include  all  the  cases  hitherto 
reported.  A  discussion  of  the  lesions  which  might  involve  the  tri- 
geminal tract  secondarily  would  take  us  too  far  afield,  as  they  would 
include  tumors  of  the  pons  or  cerebellopontile  space  infiltrating  or 
pressing  upon  the  sensory  root,  and  tumors  taking  their  origin  from  the 
structures  of  the  middle  fossa  other  than  the  ganglion. 


THE    TRIGEMINAL    NERVE.  983 

Genuine  secondary  tumors,  in  the  sense  of  their  being  metastatic 
deposits,  are  quite  uncommon.  Marchand  refers  to  one  case  of  primary 
carcinoma  of  the  stomach  and  to  another  of  melanotic  alveolar  sarcoma 
of  the  forearm  with  metastatic  deposits  in  the  ganglion. 

There  are  about  14  cases  of  primary  tumors  of  the  Gasserian  gan- 
glion on  record:  viz.,  1,  Giinsburg;  2,  Blessig;  3,  Hansch;  4,  Petrina- 
Klebs;  5,  Goodhart;  6,  Krogius;  7,  Prince;  8,  Marchand;  9,  Hegelstamm; 
10,  Dercum,  Keen,  and  Spiller;  11,  Hofmeister  and  Meyer;  12,  Spiller. 
Most  of  them  were  uncovered  for  the  first  time  at  autopsy.  In  only 
4  cases  (1,  Krogius;  2,  Dercum,  Keen,  and  Spiller;  3,  Spiller-Frazier; 
4,  Hofmeister-Meyer)  was  an  operation  undertaken  with  the  definite 
purpose  of  removing  the  tumor. 

In  the  majority  of  instances  the  tumors  are  of  a  malignant  type,  and 
have  been  designated  variously  as  sarcoma,  fibrosarcoma,  endothelioma, 
and  neurofibroma.  In  spite  of  the  apparent  variety  of  tumors,  Mar- 
chand regards  the  histologic  structure  of  all  as  quite  uniform.  He 
believes  further  that  they  arise  in  the  undifferentiated  anlage  of  the 
ganglion,  a.nd  may,  therefore,  be  regarded  as  neurozytomata.  Whatever 
the  nomenclature,  these  tumors  are  of  the  infiltrating  type,  eventually 
involve  adjacent  structures,  e.  g.,  the  neighboring  nerves,  internal 
carotid  artery,  and  cavernous  sinus;  they  may  attain  considerable  size, 
as  in  the  case  of  Giinsburg,  in  which  the  tumor  was  said. to  be  the  size 
of  a  goose  egg,  may  extend  upward  into  the  temporal  lobe,  backward 
into  the  posterior  fossa,  or  forward  into  the  orbit. 

The  recognition  of  the  seat  and  nature  of  the  lesion  is  not  always  a 
matter  of  great  difficulty.  Occasionally  syphilitic  meningitis  has 
been  mistaken  for  tumors.  In  the  earliest  stages  the  pain  may  closely 
resemble  that  of  idiopathic  epileptiform  neuralgia,  but  later  on  added 
to  the  neuralgia,  which  may  be  quite  as  intense  as  in  that  of  the  idio- 
pathic type,  there  will  be  disturbances  of  sensation  (anesthesia,  hyper- 
thesia,  hypesthesia),  weakness  of  the  muscles  of  mastication;  dis- 
turbances of  structures  innervated  by  the  third,  fourth,  and  sixth 
nerves,  and  evidences  of  pressure  upon  the  cavernous  sinus  or  internal 
carotid  artery.  In  addition  to  these  special  localizing  phenomena, 
there  is  the  triad  of  symptoms  common  to  all  brain  tumors — headache, 
nausea  and  papillo-edema — and  in  about  25  per  cent,  of  cases  metastasis 
to  the  cervical  lymph-nodes ;  the  latter  is,  of  course,  a  late  symptom  and 
consequently  of  little  significance,  except  in  so  far  as  it  may  indicate 
an  unfavorable  prognosis.  As  a  matter  of  fact,  the  prognosis  is  always 
grave;  because  of  its  situation  and  malignant  nature  the  tumor  may  be 
said  to  belong  to  the  inoperable  group. 

The  treatment,  therefore,  of  tumors  of  the  Gasserian  ganglion  in 
the  majority  of  cases  will  be  palliative.  It  is  possible  to  conceive  of  a 
case  in  which  the  tumor  was  still  within  the  structure  of  the  ganglion 
and,  therefore,  in  the  operable  stage,  but  as  yet  this  has  not  occurred. 
No  one  should  question  the  propriety  of  palliative  operation  in  these 
cases;  not  only  should  the  sensory  root  be  divided  or  avulsed  for  the 
relief  of  pain,  but  a  temporal  decompression  should  be  practised  at  the 
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same  time  in  order  to  relieve  the  intracranial  tension.  Thus,  there  is 
in  the  palliative  operation  a  twofold  purpose.  In  my  series  of  28  cases 
there  was  one  who  was  believed  to  have  a  tumor  of  the  brain  involving 
the  ganglion.  The  patient  suffered  intensely  and  his  condition  was 
pitiable.  Although  the  tumor  was  believed  to  be  inoperable,  an  opera- 
tion was  undertaken  with  the  understanding  on  the  part  of  the  patient 
that  it  was  solely  for  the  purpose  of  relieving  his  neuralgia  and  would 
have  no  effect  upon  the  fatal  tendencies  of  the  tumor.  A  portion  of 
the  ganglion  was  removed  and  decompression  established  in  the  tem- 
poral region,  no  attempt  being  made  to  remove  the  tumor.  The  patient 
died  several  months  later,  but  in  the  interim  he  was  entirely  free  from 
neuralgia. 

The  first  operation,  however,  was  performed  by  Krogius  in  1895; 
he  found  an  endothelioma  about  the  size  of  a  pigeon's  egg,  only  a  portion 
of  which  he  could  remove,  and  the  child  died  of  meninigtis  on  the 
thirteenth  day.  In  Keen's  case  two  operations  were  performed,  one 
extradural,  the  other  intradural;  a  large  tumor  was  removed,  and  the 
patient  recovered  from  both  operations.  One  of  the  interesting  features 
of  this  case  and  the  case  of  Hofmcister  and  Meyer  was  the  persistence 
of  pain  after  the  ganglion  had  been  removed.  Although  the  possibility 
of  the  sensory  impulses  being  transmitted  by  the  seventh  nerve  has  been 
considered,  it  is  more  probable  that  the  persistence  of  pain  was  due  to 
infiltration  of  the  sensory  root. 
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IL   THE  AUDITORY  NERVE  (N.  ACUSTICUS). 

Anatomic  Considerations. — The  anatomic  landmarks  which  guide 
one  in  operations  upon  the  auditory  nerve  are  familiar  to  every  surgeon 
who  has  explored  the  posterior  fossa  for  other  purposes.  After  leaving 
the  surface  of  the  brain-stem  at  the  posterior  border  of  the  pons,  where  it 
is  adherent  to  the  middle  cerebellar  peduncle,  this  nerve  passes  across 
to  the  internal  auditory  meatus,  and  enters  the  internal  auditory  canal  to 
divide  into  its  two  main  branches,  the  vestibular  and  cochlear  nerves. 
In  its  passage  from  the  cerebellar  peduncle  to  the  entrance  of  the  audi- 
tory canal  the  auditory  nerve  is  closely  associated  with  the  motor  and 
sensory  roots  of  the  facial  nerve;  the  latter  lies  to  the  inner  side  in  a 
groove  on  the  mesial  surface  of  the  auditory  nerve.  For  this  reason 
in  the  approach  along  the  pars  petrosa  the  view  of  the  facial  nerve  is 
entirely  obstructed.  The  facial  nerve  is  much  smaller,  approximately 
one-third  the  size  of  the  auditory  nerve,  and  is  practically  surrounded  by 
it.    To  separate  one  from  the  other  is  not  always  an  easy  matter,  although 
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this  may  be  facilitated  somewhat  by  displacing  the  cerebellar  hemisphere 
backward.  This  puts  both  nerve-trunks  on  the  stretch,  and  sometimes 
separates  one  nerve  from  the  other  sufficiently  to  enable  one  easily  to 
differentiate  them.  A  little  farther  beyond  the  eighth  nerve,  as  it 
enters  the  internal  auditory  meatus,  may  be  seen  the  root  of  the  tri- 
geminus. In  operations  for  the  exposure  of  the  auditory  nerve  one  usu- 
ally sees  in  the  operative  field  the  nerves  which  make  their  exit  through 
the  jugular  foramen  (foramen  posterius  magnum),  namely,  the  ninth, 
tenth,  and  eleventh  cranial  nerves.  The  jugular  foramen  is  only  about 
1  cm.  distant  from  the  internal  auditory  meatus  and  almost  directly 
posterior  to  it.     The  proximity  of  this  foramen  is  mentioned  because  of 


Fio.  460. — Horizontal  Section  of  the  Head  Cft  on  a  Level  with  the  External  Auditort 

Meatvh. 
On  the  left  aide  may  be  seen  the  auditory  nerve  as  it  enters  the  internal  auditory  meatus. 
The  illustration   is  particularly  valuable  as  showing  that   the  shortest  and  most  practicable  route 
to  the  cerebellopontile  angle  is  from  the  lateral  aspect  following  the  direction  of  the  petrous  bone. 

the  possibility  of  exerting  undue  trauma  upon  the  nerves  which  pass 
through  it.  Of  these  three,  the  ninth  or  glossopharyngeal,  seems  to  be 
the  most  frequently  affected  in  exploratory  operations.  At  least  I  have 
not  infrequently  noticed  afterward  that  the  patient  complained  of  diffi- 
culty in  swallowing  when  there  were  no  symptoms  pointing  to  disturb- 
ance either  of  the  vagus  or  the  hypoglossal  nerves.  In  making  the 
opening  in  the  skull  preliminary  to  exposure  of  the  auditory  nerve  one 
must  bear  in  mind  the  relative  position  of  the  lateral  sinus  (sinus  trans- 
versa) and  the  longitudinal  sinus,  the  one  above,  the  other  to  the  inner 
side  of  a  unilateral  opening.  Attention  should  also  be  called  to  the 
more  or  less  numerous  emissary  veins,  particularly  in  the  region  of  the 
external  occipital  protuberance  and  in  the  neighborhood  of  the  mastoid 
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process  (Fig.  460).  The  largest  of  these,  however,  is  the  mastoid 
emissary,  which  establishes  a  communication  between  the  lateral  sinus 
and   the  posterior  auricular  or  with  an  occipital  vein.     This  passes 


Fia.  461. — In  this  Photograph  of  a  Portion  of  the  Base  of  the  Skull  Below  the  Superior 

Curved  Line  will  be  Seen  Numerous  Foramina  for  the  Pahhage  of  Emissary  Veins. 

Note  the  size  and  number  of  these.     Their  presence  accounts  for  the  profuse  hemorrhage  one 

frequently  encounters  in  operations  necessitating  exposure  of  this  region. 

obliquely  through  the  skull  just  above  the  mastoid  process,  and  will 
invariably  be  opened  in  removing  the  bone  from  this  region.  Hemor- 
rhage may  be  controlled  either  by  ligation  or  by  blocking  the  fora- 


Fig.  462. — Schematic   Presentation    ok    Incision    for    a  Unilateral  Suboccipital  Crani- 
ectomy. 
The  cutaneous  incision  should  be  i  inch  above  the  superior  curved  line;  incision  in  the  muscular 
structures  just  below  the  superior  curved  line. 

men  with  Horsley's  wax.  In  laying  bare  the  cerebellar  hemisphere  by 
removing  the  overlying  bone  the  proximity  of  the  foramen  magnum 
and  the  medulla  oblongata  should  not  be  lost  sight  of. 
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The  Technic  of  Operations  for  Exposure  of  the  Auditory 
Nerve. — There  are  many  points  in  the  technic  which  might  admit  of 
discussion.  The  most  important  of  these,  perhaps,  is  the  question 
whether  it  is  necessary  or  advisable  to  make  a  bilateral  opening — i.  e., 
to  uncover  both  cerebellar  hemispheres.  In  my  opinion,  a  unilateral 
opening  should  suffice  in  most  cases,  however,  and  inasmuch  as  more 
time  is  consumed  and  more  blood  lost  in  making  a  bilateral  opening,  the 
latter  should  not  be  practised  as  a  routine  procedure.  It  should  be 
reserved  for  those  cases  in  which,  because  of  the  presence  of  a  tumor, 
the  tension  within  the  fossa  is  so  great  as  to  interfere  with  the  necessary 
displacement  of  the  hemisphere.  The  incision  for  the  unilateral  opening 
begins  at  the  tip  of  the  mastoid  process,  running  parallel  to  and  1  to  2  cm. 
above  the  superior  curved  line  to  the  external  occipital  protuberance, 


Fio.  463. — Diagrammatic   Presentation   of  the   Position   of   the    Incision  in   the  Scalp 

Relative  to  the  Incision  in  the  Muscular  Structures  (.Suboccipital  Craniectomy.) 
Note  that  the  incision  in  the  muscular  structure  is  a  centimeter  or  two  distant  from  the  incision 

in  the  scalp. 

and  thence  downward  following  the  median  line.  This  incision  should 
include  only  the  structures  of  the  scalp  (Fig.  463) ;  2  cm.  below  and 
parallel  to  the  incision  in  the  scalp,  the  fascia  and  muscles  are  divided 
down  to  the  bone.  After  reflecting  the  musculocutaneous  flap  thus 
formed  the  bone  overlying  the  hemisphere  is  then  removed  from  the 
mastoid  process  at  least  as  far  as  the  median  line,  and  from  \  inch 
above  the  lateral  sinus  down  as  far  as  the  foramen  magnum  (Fig.  464). 
An  opening  of  this  size  will  enable  one  to  displace  the  hemisphere  suf- 
ficiently to  expose  the  auditory  nerve  in  the  majority  of  instances.  If 
not,  it  is  always  possible  to  remove  the  bone  overlying  the  hemisphere 
on  the  opposite  side.  There  are  some  surgeons,  notably  Krause  and 
Borchardt,  who  still  prefer  the  osteoplastic  method.  In  this  particular 
region  the  technical  difficulties  of  osteoplastic  resection  are  not  incon- 
siderable, and  the  cerebellar  tissue  is  so  well  protected  by  the  thick 
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layer  of  muscles  and  the  dense  fascia  as  to  make  it  quite  unnecessary 
to  replace  the  bone. 

During  these  preliminary  steps  of  the  operation  there  may  be  more 
or  less  free  hemorrhage  from  the  musculocutaneous  flap,  but  this  is 
readily  controlled.  Hemorrhage  from  the  emissary  veins  may  in  some 
instances  be  alarmingly  profuse,  especially  in  those  cases  in  which  the 
veins  are  unusually  abundant  and  exceptionally  large.  The  dural  flap 
is  now  reflected,  and  with  a  suitable  retractor  the  cerebellar  hemisphere 


i&ttmi    Sirins 


Mastoid  Emissary 


Fig.   464. — Schematic    Presentation    of   Strvctcres    After    Reflection    of   Musculocu- 
taneous Flap  and  Removal  of  Bone.     (See  Figs.  462  and  463.) 


is  displaced  somewhat  backward  until  the  auditory  nerve  is  brought 
into  view.  This  is  perhaps  the  most  important  step  of  the  operation, 
inasmuch  as  serious  consequences  may  result  in  the  attempt  to  dis- 
place the  hemisphere  by  making  too  much  pressure  upon  the  medulla. 
One  might  infer  from  certain  illustrations  that  the  cerebellar  hemisphere 
may  be  dislocated  to  an  unlimited  degree  (Fig.  467),  but  this  is  far 
from  the  truth.  In  fact,  one  should  always  be  content  with  the  mini- 
mum degree  of  exposure.  The  pressure  should  always  be  made  directly 
backward,   and  not  inward,   so  as  to  avoid    direct   pressure  on   the 
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medulla.  In  most  instances  it  will  not  be  necessary  to  displace  the 
cerebellar  hemisphere  more  than  1  cm.  from  the  posterior  surface  of 
the  petrous  bone.  Especial  care  must  be  taken  to  avoid  lacerating 
the  cerebellar  tissue,  either  by  undue  pressure  with  the  retractor 
or  by  allowing  it  to  impinge  against  the  irregular  margin  of  the  bony 
opening.     In  order  to  protect  the  hemisphere  against  such  laceration, 
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Fia.  465. — Showing  the  Position  and  Relation  ok  Structures  as  Viewed  from  the  Lateral 

Aspect. 
The  dural  flap  has  beer* rejected  and  the  cerebellar  hemisphere  displaced  onlv  enough  to  ex- 
pose the  auditory  and  facial  nerves*.  Note  the  proximity  of  these  structures  to  the  ninth,  tenth, 
and  eleventh  nerves  traversing  the  jugular  foramen.  The  auditory  nerve  has  been  separated  from 
the  facial  by  a  blunt  hook.  Otherwise  the  facial  nerve  would  be  entirely  hidden  from  view. 
(Original.)  .    * 


Ballance  suggested  the  use  of  flat  marine  sponges,  a  suggestion  which 
I  have  found  most  serviceable. 

Separating  the  hemisphere  from  the  petrous  bone  may  occasion 
quite  free  bleeding,  but  it  is  usually  venous  and  easily  controlled  by 
introducing  a  small  wick  of  gauze.  Quite  a  constant  source  of  bleeding 
in  this  stage  of  the  operation  is  the  rupture  of  a  small  vein  which  passes 
across  from  the  cerebellum  to  enter  the  occipital  sinus. 
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The  posture  of  the  patient  is  one  that  demands  no  little  considera- 
tion.    The  field  of  operation  is  much  more  difficult  of  access  than  in 


Fig.  466. — Showing  the  Position  and  Direction   op  the   Incision  for  Exposure  of  the 
Cerebellopontile  Angle  (Unilateral  Suboccipital  Craniectomy). 

operations  upon  the  middle  or  anterior  fossa.     No  matter  what  the 
posture  of  the  patient,  the  head  must  be  flexed;  Krausc  places  the 


Fig.  467. — This  Illustration,  taken  from  a  Recent  Contribution  of  Krause's,  is  Repro- 
duced because  it  Gives  an  Erroneoum  Impression  of  the  Degree  of  Displacement  op 
the  Cerebellum  which  is  Either  Practicable  or  Justifiable  in  Exposure  of  Tumors 
of  the  Cerebello-pontile  Angle.     (Compare  with  Fig.  465.) 


patient  in  the  sitting  posture  with  the  head  bent  forward;  Cushing 
places  the  patient  in  the  prone  (belly-down)  position.  For  various 
reasons  I  prefer  to  operate  with  the  patient  lying  on  his  side,  with  the 
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head  of  the  table  well  elevated  to  control  venous  bleeding  (Fig.  468). 
In  this  position  respiration  is  not  interfered  with,  a  matter  of  con- 
siderable import  when  operating  upon  patients  with  cerebellar  tumors, 
and  as  in  all  cases  the  auditory  nerve  should  be  approached  from  the 
lateral  rather  than  the  posterior  aspect,  the  operator,  without  stoop- 
ing or  bending,  is  afforded  a  direct  view  into  the  depths  of  the  wound. 
To  my  mind  there  is  no  question  as  to  the  superior  advantages  of  the 
lateral  approach;  it  offers  the  shortest  route  from  the  margin  of  the 
opening  to  the  cerebello-pontile  angle  and  permits  of  the  cerebellar 
hemisphere  being  displaced  backward  rather  than  inward.  By  the 
latter  method  the  pons  and  medulla  are  exposed  indirectly  to  trauma. 


Fio.  468. — The  Author's  Table,  Especially  Constructed  for  Subtentorial  Operations. 

The  lateral  position  of  the  patient  is  maintained  by  special  device  attached  to  the  deltoid  region. 

By  moderate  flexion  of  the  head  the  field  of  operation  is  rendered  most  accessible. 

As  soon  as  the  nerve  is  reached  the  manipulations  differ  according 
to  the  lesions  to  be  dealt  with.  For  tinnitus  or  vertigo  it  will  be  neces- 
sary only  to  divide  the  auditory  nerve.  The  nerve  is  readily  recognized, 
not  only  by  its  glistening  snow-white  appearance,  but  by  its  position 
relative  to  the  internal  auditory  meatus  and  the  nerves  entering  the 
jugular  foramen,  from  which  it  is  separated  about  a  centimeter.  The 
nerve  lies  about  4  or  5  centimeters  from  the  anterior  margin  of  the 
wound.  Before  dividing  the  auditory,  the  facial  nerve  must  be  isolated. 
This  may  be  a  matter  of  considerable  or  of  little  difficulty,  but  is  always 
a  matter  of  great  importance,  as  a  residual  facial  paralysis  might  be 
regarded  by  the  patient  as  an  unpardonable  offence.  As  the  auditory 
nerve  almost  surrounds  the  facial  nerve,  the  ease  with  which  a  few 
fibers  of  the  auditory  nerve  may  be  left  behind  in  separating  the  two 


992      INTRACRANIAL    SURGERY    OF    THE    FIFTH    AND    EIGHTH    NERVES. 


must  be  borne  in  mind.  Once  the  nerve  has  been  isolated  it  should  be 
grasped  with  forceps  and  avulsed.  The  success  or  failure  of  the  opera- 
tion will  depend,  of  course,  upon  whether  or  not  any  strands  of  the  nerve 
are  left  undivided. 

When  it  comes  to  the  removal  of  tumors  from  the  auditory  nerve — 
acoustic  neurofibromata — we  have  a  more  difficult  problem.  Because 
of  the  size  of  the  tumor  or  of  an  associated  hydrocephalus  the  tension 
within  the  posterior  fossa  may  be  increased  to  such  an  extent  as  to 
make  it  difficult  to  displace  the  hemisphere  sufficiently  to  expose  the 
tumor  without  using  undue  pressure.  Just  as  soon  as  the  dural  flap 
is  reflected  the  cerebellar  hemisphere  is  protruded  through  the  opening 
and  may  project  a  centimeter  beyond  the  plane  of  the  dura.     Under 

such  circumstances  exploration  of 
the  depths  of  the  fossa  will  be  either 
impossible  or  unsafe,  unless  some 
measures  are  adopted  to  relieve  the 
tension.  There  are  three  such  meas- 
ures: tapping  the  lateral  ventricle, 
removal  of  a  portion  of  the  cerebellar 
tissues,  or  the  enlarging  of  the  bony 
opening  so  as  to  include  the  oppo- 
site side.  The  first  of  these  is  of 
service  only  when  the  ventricle  is 
distended;  the  second,  which,  though 
quite  feasible,  and  so  far  as  my  ex- 
perience goes  has  not  been  attended 
with  any  serious  disturbance  of  func- 
tion, has  its  objectionable  features, 
and  certainly  should  not  be  resorted 
to  as  a  routine  procedure.  Of  the 
three  proposals,  the  safest,  and  at 
the  same  time  the  most  efficacious, 
is  the  last,  namely,  a  bilateral  crani- 
ectomy. This  enables  the  hemis- 
pheres to  be  displaced  with  greater 
freedom,  and  affords  not  only  a 
satisfactory  exposure,  but  sufficient  room  to  conduct  the  subsequent 
steps  of  the  operation. 

It  is  one  thing  to  expose  a  tumor  of  the  auditory  nerve  and  another 
to  remove  it.  In  some  of  the  fatal  cases  death  has  been  attributed 
to  injury;  in  one  instance  to  a  hemorrhage  of  the  pons  inflicted  by  the 
operator  while  extracting  the  tumor.  The  tumor  should  be  extracted 
with  instruments,  not  with  the  fingers  of  the  operator. 

It  is  especially  in  the  removal  of  the  tumor  of  the  posterior  fossa  that 
the  two-stage  operation  is  a  justifiable  procedure.  Despite  the  state- 
ments to  the  contrary,  patients  with  these  lesions  are  not  favorable 
subjects  for  operation,  and  inasmuch  as  a  suboccipital  craniectomy 
(bilateral)  is  in  itself  a  somewhat  formidable  procedure,  without  the 


Fia.  469. — Showing  the  Position  and 
Direction  ok  the  Incihion  for  Expos- 
ure ok  Tumors  in  the  Cerebello- 
pontile  Angle  when  it  ih  Necehsary 
to  Uncover  both  Cerebellar  Hemis- 
pheres (Bilateral  Suboccipital 
Craniectomy). 
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exploration  or  removal  of  the  tumor,  there  are  many  instances  in 
which  the  condition  of  the  patient  will  be  such  as  to  prompt  the  operator 
to  put  off  the  final  steps  for  a  week  or  ten  days,  at  least  until  the  patient 
has  fully  recovered  from  the  preliminary  procedure.  When  the  tumor 
has  been  removed,  the  wound  should  be  closed  with  tier  sutures,  first, 
the  dural  flap,  then  the  fascia,  and,  finally,  the  skin.  Provision  must  be 
made  by  a  stab  opening  for  the  escape  of  such  blood  as  will  ooze  from 
the  operative  field  for  the  first  twenty-four  to  forty-eight  hours.  As 
soon  as  the  bleeding  has  ceased,  the  drainage  material  should  be  removed. 
The  sooner  this  is  removed  the  better,  as  the  establishment  of  a  sinus 
in  this  region  is  particularly  to  be  avoided,  because  there  is  a  tendency 
for  cerebrospinal  fluid  to  escape  in  very  much  larger  quantities  than 
from  wounds  in  the  anterior  or  middle  fossa.     The  continuous  discharge 
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Fig.  470. — Photograph  of  the  Babe  op  the  Brain  in  which  Will  be  Seen  In  Situ  a  Timor 
ok  the  Cekebellopontile  Angle.     (Specimen  loaned  by  Dr.  William  G.  Spiller.) 

of  large  quantities  of  cerebrospinal  fluid  is  not  always  well  borne  by 
the  patient. 

Neurofibroma  of  the  Acoustic  Nerve. — While  constituting  one 
of  the  two  indications  for  exposure  of  the  auditory  nerve,  acoustic 
neurofibroma  is  usually  classified  with  tumors  of  the  cerebellum,  espec- 
ially those  of  the  cerebello-pontile  angle.  Because  of  its  benign  nature, 
with  all  the  characteristics  of  a  benign  growth,  it  would  seem  to  offer 
splendid  opportunities  for  surgical  intervention,  but  to  offset  these 
there  are  many  obstacles  of  a  serious  nature  to  its  successful  removal, 
and  not  the  least  of  them  is  its  proximity  to  the  vital  centers  in  the 
medulla.  The  acoustic  neurofibroma  springs  from  the  nerve  at  the 
point  of  its  emergence  from  the  junction  of  the  pons  and  medulla.  It 
is  usually  nodular,  grows  very  slowly,  never  attains  large  proportions, 
vol.  v— 63 
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may  be  bilateral,  and  is  encapsulated.  It  is  loosely  attached  to  the 
surrounding  structures  and  may  be  readily  enucleated.  Without 
entering  into  a  discussion  of  the  symptomatology,  it  may  be  said  that 
the  acoustic  tumor  syndrome  is  well  defined  and  that  the  diagnosis  may 
be  made  in  many  instances  with  practical  certainty  (Fraenkel-Hunt). 
Exceptionally,  however,  the  association  of  an  internal  hydrocephalus 
may  be  a  confusing  element,  and  in  some  instances  it  may  be  mistaken 
for  slowly  growing  tumors,  taking  their  origin  from  other  structures  in 
the  immediate  vicinity.  As  to  the  relative  frequency  of  neurofibromata 
there  are  no  available  statistics.  It  is  not  as  common  as  other  tumors 
of  the  posterior  fossa.  I  have  seen  but  one  case,  and  in  this  the  con- 
dition of  the  patient  was  such  that  an  accurate  diagnosis  could  not  be 
made;  the  tumor  was  discovered  at  the  autopsy. 

Tinnitus  Aurium  and  Vertigo. — While  the  auditory  nerve  is 
brought  into  view  in  every  exploration  of  the  posterior  fossa  for  tumor, 
and  especially  of  the  pontile  angle,  it  was  not  until  1902  that  the  idea  of 
deliberately  dividing  the  nerve  as  a  therapeutic  measure  was  suggested. 
Krause  proposed  the  operation  as  a  means  of  relieving  persistent 
tinnitus  aurium  and  persistent  vertigo.  Since  that  time  8  opera- 
tions have  been  recorded,  viz.,  those  of  Krause,  Wallace,  Milligan 
(2  cases),  Bryant,  Ballance,  Parry,  and  Frazier.  It  occurred  to  Mills 
that  section  of  the  auditory  nerve  might  be  useful  also  in  other  per- 
versions of  the  function  of  that  nerve,  such  as  persistent  vertigo,  and  the 
first  operation  with  this  end  in  view  was  performed  in  October,  1908. 

Just  as  epileptiform  tic  in  the  territory  of  the  fifth  nerve  may  be 
cured  by  dividing  the  nerve  or  removing  the  Gasserian  ganglion,  so 
persistent  vertigo  and  tinnitus  may  be  relieved  by  division  of  the 
auditory  nerve.  As  Ballance  says,  we  may  hope  in  this  operation  to 
be  able  to  spare  the  nerve  of  Wrisberg,  which  is  in  no  way  concerned 
with  the  auditory  symptoms,  just  as  it  may  be  possible  in  dividing  the 
trunk  of  the  fifth  nerve  to  spare  the  motor  root. 

Indications. — In  most  instances  the  patients  are  deaf,  so  that 
there  is  no  serious  objection  to  sacrificing  the  nerve.  In  cases  of  per- 
sistent vertigo  benefit  has  been  derived  from  removal  of  the  semicircular 
canals,  but  this  operation  will  in  no  way  affect  the  tinnitus.  The 
cochlea  must  be  destroyed  or  the  cochlear  division  of  the  nerve  divided. 
The  appropriate  cases  are  those  in  which  the  disease  is  labyrinthine; 
it  may  originate  in  the  cochlear  ganglion,  in  the  vestibular  ganglion,  or 
in  both,  but  as  there  is  no  means  as  yet  of  separating  the  cochlear  from 
the  vestibular  division,  the  auditory  trunk  must  be  divided.  Tinnitus 
of  central  origin  would  not  be  influenced  by  this  operation;  the  condition 
must  be  due  to  some  lesion  in  the  peripheral  distribution  of  the  nerve. 
According  to  W.  S.  Bryant,  the  most  promising  cases  are  those  with 
marked  loss  in  air  conduction  with  preservation  of  bone  conduction, 
cases  with  definite  cochlear  lesions  in  which  the  tinnitus  is  low  pitched 
and  of  varying  character.  High-pitched  and  musical  tinnitus,  with 
complete  deafness  in  both  air  and  bone  conduction,  he  regards  as 
contraindications. 
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Operative  Records.— Of  the  8  operations  on  record,  3  died,  Mil- 
ligan's  on  the  third  day,  Krause's  on  the  fifth,  and  Wallace's  three 
weeks  after  the  operation.  One  of  Milligan's  cases  and  those  of 
Parry,  Bryant,  Ballance,  and  Frazier  survived  the  operation.  In  none 
can  it  be  said  that  the  patient  was  entirely  relieved,  although  in  all 
was  there  considerable  relief.  In  this  small  group  the  mortality  has 
been  unnecessarily  high.  If  the  proper  technic  is  adopted,  and  the 
operation  conducted  by  those  who  are  thoroughly  familiar  with  the 
difficulties  attending  operations  in  the  posterior  cranial  fossa,  the 
mortality  should  be  no  higher  than  after  operations  upon  the  Gasserian 
ganglion  or  its  sensory  root.  In  the  operations  about  to  be  described  in 
some  an  attempt  was  made  to  approach  the  nerve  through  the  middle 
fossa,  and  the  operators  experienced  no  little  difficulty. 

Wallace  and  Marriage,  in  a  case  on  which  they  operated,  first  per- 
formed a  complete  mastoid  operation,  in  which  the  posterior  wall  of  the 
auditory  meatus  was  removed  as  far  as  the  level  of  the  facial  canal  and 
the  lateral  sinus  exposed.  Upon  working  down  and  back  from  this 
point,  the  dura  was  exposed  over  the  cerebellum  for  three-fourths  of 
an  inch  beyond  the  lateral  sinus  in  order  to  leave  sufficient  space  in 
which  to  retract  the  cerebellum.  The  temporal  bone,  which  formed 
the  inner  wall  of  the  mastoid,  was  removed.  An  incision  about  1 
inch  long  was  then  made  into  the  anterior  edge  of  the  dura,  and  a  flat 
retractor,  conveniently  bent,  was  introduced,  and  the  cerebellum  com- 
pressed until  the  auditory  nerve  appeared  running  obliquely  into  the 
internal  auditory  meatus.  By  this  approach  the  facial  nerve  is  not 
usually  seen,  as  it  lies  internal  to  the  auditory  nerve  and,  therefore, 
deeper,  but  pressure  upon  the  eighth  nerve  close  to  the  brain  will  usually 
bring  the  facial  nerve  into  view.  A  blunt  hook  can  then  be  easily  passed 
around  the  auditory  nerve  without  danger  of  doing  any  damage  to  the 
facial,  and  the  auditory  then  may  be  either  divided  or  extracted. 

The  patient  upon  whom  they  operated  was  improved,  though 
unfortunately  he  died  three  weeks  later,  and  at  autopsy  it  was  found 
that  a  small  strand  of  the  eighth  nerve  had  not  been  divided. 

R.  H.  Parry  in  his  operation  made  an  osteoplastic  flap  which 
extended  from  the  middle  of  the  zygoma  to  the  base  of  the  mastoid, 
opening  the  middle  fossa.  The  dura  was  separated  as  far  as  the  semi- 
circular canal  and  then  opened.  The  roof  of  the  auditory  meatus  was 
removed,  and  in  it  were  the  auditory  and  facial  nerves.  The  auditory 
was  divided,  and  unfortunately  the  facial  was  torn  by  a  piece  of  bone. 
The  patient  made  an  uneventful  recovery  and  the  vertigo  and  tinnitus 
from  which  he  suffered  were  greatly  lessened. 

Krause  entered  the  skull  through  an  osteoplastic  flap  in  the  occipital 
region.  Upon  dividing  the  dura  and  displacing  the  hemisphere  the 
seventh  and  eighth  nerves  came  into  view.  The  auditory  nerve  was 
divided,  but  five  days  later  the  patient  died  from  pneumonia.  In  this 
short  interval  the  tinnitus  was  better  and  the  dizziness  had  entirely 
disappeared. 

W.  S.   Bryant,   after   numerous  observations  upon  the  cadaver, 
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recommends  an  approach  through  the  middle  fossa  of  the  skull.  A 
U-shaped  incision  with  base  upward  is  made  down  to  the  bone;  the 
anterior  limb  of  the  incision  is  on  a  line  with  the  posterior  portion  of 
the  mastoid  process,  extending  upward  about  1£  to  2  inches  above  the 
center  of  the  lateral  sinus,  and  the  posterior  limb  1£  inches  behind  the 
anterior  one.  The  underlyng  bone  is  removed  by  a  rongeur  forceps 
forward  as  far  as  the  superior  angle  of  the  petrous  bone  and  downward 
to  the  lateral  sinus.  The  dura  is  incised,  the  cerebrum  elevated,  and 
the  superior  semicircular  canal  sought.  An  incision  is  made  in  the 
tentorium  parallel  to,  but  behind,  the  edge  of  the  petrous  bone,  in  order 
to  avoid  the  superior  petrosal  sinus.  The  cerebellum  is  displaced 
backward,  and  the  auditory  nerve  is  seen  lying  at  the  bottom  of  the 
wound.  He  has  performed  one  operation  upon  the  living  subject, 
and  while  the  patient  recovered  from  the  operation  he  was  only  slightly 
improved. 

In  1905  Milligan  divided  the  auditory  nerve  by  approaching  the 
internal  auditory  meatus  through  a  large  osteoplastic  flap  in  the  tem- 
poral region.  The  temporosphenoidal  lobe  was  gradually  displaced, 
and  by  working  above  along  the  posterior  surface  of  the  pars  pctrosa 
the  nerve  was  reached.  The  operation  was  very  difficult  and  tedious, 
but  the  patient,  though  severely  shocked,  ultimately  recovered  and 
left  the  hospital  greatly  improved.  In  1906  Milligan  again  divided 
the  auditory  nerve  for  severe  tinnitus  in  a  woman  aged  forty-six,  who 
had  twice  threatened  to  take  her  life.  The  nerve  was  approached 
through  the  masto-occipital  bone  and  the  operation  completed  in  one 
stage.  The  patient  never  rallied,  and  died  three  days  afterward.  The 
displacement  of  the  cerebellum  he  found  a  real  and  practical  difficulty. 

In  Ballance's  case  the  patient  was  a  woman  forty-nine  years  of  age 
who  for  two  years  had  complained  of  tinnitus,  vertigo,  and  nausea. 
The  removal  of  the  semicircular  canals  on  a  previous  occasion  had 
relieved  altogether  the  vertigo,  but  had  no  effect  upon  the  tinnitus.  In 
a  two-stage  operation  Ballance  exposed  and  divided  the  auditory  nerve. 
In  displacing  the  hemisphere,  the  fifth,  seventh,  eighth,  ninth,  tenth, 
eleventh,  and  twelfth  nerves  were  readily  exposed.  In  this  case  the 
seventh  nerve  was  easily  isolated  from  the  eighth  and  no  attempt  was 
made  to  sever  the  nerve  of  Wrisberg.  Convalescence  was  very  slow 
and  interrupted  by  occasional  attacks  of  syncope  and  feeling  of  impending 
suffocation.  Two  months  after  the  operation  there  was  slight  paralysis 
of  the  right  palate  and  of  the  pharynx,  with  nystagmus  and  absolute 
deafness,  but  no  anesthesia  or  ataxia.  Five  months  after  the  operation 
the  painful  tinnitus  had  entirely  disappeared,  and  apart  from  a  slight 
deviation  of  the  tongue,  the  patient  had  almost  fully  recovered  from 
the  effects  of  the  operation. 

On  October  6,  1908,  Frazier  divided  the  auditory  nerve  through 
a  suboccipital  opening  for  the  relief  of  persistent  vertigo  in  a  woman 
sixty-four  years  old.  The  exposure  was  made  as  for  exploration  of  the 
cerebello-pontile  space.  After  reflecting  the  musculocutaneous  flap, 
removing  the  underlying  bone,  and  turning  down  a  dural  flap,  the 
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auditory  nerve  was  approached  from  the  lateral  aspect,  following  the 
direction  of  the  petrous  bone.  The  nerve  was  readily  exposed,  but  it 
was  with  considerable  difficulty  that  it  was  isolated  from  the  facial 
nerve.  Ordinarily  when  these  two  nerves  are  put  on  the  stretch  by 
displacing  the  cerebellar  hemisphere  backward,  the  nerves  are  separated 
sufficiently  to  differentiate  one  from  the  other.  This  method,  however, 
was  not  successful  in  this  particular  case,  and  in  order  to  distinguish 
one  from  the  other  electric  stimulation  of  the  facial  nerve  was  resorted 
to.  Apart  from  this  troublesome  feature  the  operation  was  attended 
with  no  difficulty.  The  patient  stood  the  operation  well  and  on  her 
discharge  from  the  hospital  the  vertigo  was  less  marked.  The  condition, 
however,  was  by  no  means  entirely  relieved. 
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ADDENDUM  ON  THE  MEANS  OF  OPENING  THE  SKULL. 
By  W.  W.  Keen  M.D. 

Dr.  W.  H.  Hudson,  of  Atlanta,  Georgia,  has  devised  some  burrs 
(Figs.  471-473)  and  forceps  (Fig.  474)  which,  so  far  as  I  know,  sur- 
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Fig.  471.  Fig    472.  Fio.  473. 

Figs.  471-473. — Hudhon'h  Burrs. 

pass  all  other  means  for  making  an  osteoplastic  flap.  They  combine 
the  safety  of  the  chisel  and  the  speed  of  the  various  mechanical  saws, 
whether  driven  by  hand  or  by  power. 
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The  burrs  (Figs.  471  and  472)  are  to  be  used  in  succession.  They 
are  peculiar  in  this  respect,  that  so  long  as  there  is  any  resistance  the 
blades,  which  are  spiral  cutting  blades,  will  very  rapidly  cut  their  way 
through  the  skull,  but  so  soon  as  resistance  ceases — i.  e.,  so  soon  as  the 
dura  is  reached,  or  even  a  very  thin  layer  of  bone  on  the  inner  surface 
of  the  skull  which  yields  to  pressure — the  instrument  ceases  to  advance, 
for  the  brace  can  no  longer  be  turned.  Be  the  skull  thin  or  thick,  the 
burr  will  cut  rapidly  until  it  is  nearly  or  barely  through  and  then 
stops.  When  the  middle  meningeal  artery  is  in  the  path  of  the  burr, 
if  it  lies  even  in  a  shallow  groove,  it  will  be  pushed  before  the  advancing 
burr  and  will  not  be  cut  (so  Dr.  Hudson  claims — I  have  had  no 
personal  experience  with  this  condition).  If  it  lies  in  a  groove  which 
is  nearly  closed  or  in  a  complete  canal  its  division  is  unavoidable,  no 
matter  what  instrument  is  employed. 

The  other  two  globular  burrs  (a  larger  and  smaller  one  of  the  type 
of  Fig.  473)  are  intended  for  making  larger  openings,  for  decompression 


Fig.  474. — Hudson's  Forceps. 

and  similar  operations.  These  will  cut  completely  through  the  skull, 
but  Fig.  473  shows  a  button  for  the  protection  of  the  artery. 

Fig.  474  shows  one  of  the  forms  of  forceps.  Both  blades  or  jaws 
have  cutting  edges,  the  lower  one  cutting  vertically,  the  upper  with  a 
shear,  i.  e.,  obliquely.  The  upper  blade  thus  obtains  a  hold  or  grip 
on  the  upper  surface  of  the  bone  and  does  not  slip.  In  the  other 
form  both  blades  cut  obliquely.     Both  forms  cut  very  quickly. 

In  making  an  osteoplastic  flap,  Fig  475  shows  in  outline  the  method 
employed  by  DaCosta,  who  has  used  these  instruments  on  several 
occasions  with  great  advantage.  Four  openings  are  made  at  the 
broadest  part  of  the  proposed  flap.  In  making  these  openings  it  is 
important  always  to  hold  the  burr  vertical  to  the  surface  of  the  skull. 

The  openings  2  and  3  are  about  two  inches  apart.  The  skull 
between  these  two  openings  is  divided  by  a  Gigli  saw,  the  bone  being 
beveled.  The  beveling  of  this  small  portion  is  amply  sufficient  for  the 
purpose  of  supporting  the  entire  flap  when  it  is  replaced.     From  2  to 
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1  and  3  to  4  the  skull  is  bitten  away  by  Hudson's  or  other  rongeur 
forceps.  From  1  and  4  the  dotted  lines  show  the  direction  in  which 
the  skull  is  divided  also  by  the  rongeur  forceps.  If  it  is  desired,  of 
course,  other  openings  can  be  made  at  the  end  and  the  middle  of  these 
two  dotted  lines  and  the  Gigli  saw  can  replace  the  forceps  in  making 
the  entire  flap  if  so  desired.  By  using  the  forceps  for  the  two  oblique 
lines  from  1  and  4  any  damage  to  the  middle  meningeal  will  not  occur 
until  one  reaches  the  lower  end  of  the  incision  and  generally  no  injury 
at  all  will  occur. 

I  gave  these  instruments,  I  think,  the  severest  possible  test  as  to 
danger  at  a  Jefferson  clinic  on  the  day  before  the  meeting  of  the 
American  Medical  Association  on  June  8,  1909.     I   blindfolded  one 
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Fia.  475. — Showing  the  Wat  in  which  J.  Chalmers  DaCosta  Uses  Hudson's  Burrs  and 

Forceps. 
Four  holes  are  made  by  the  operator.     Between  2  and  3  the  bone  ia  cut  beveled  to  give  sup- 
port.    All  the  rest  of  the  flap  is  bitten  away  by  Hudson's  or  other  forceps  along  the  dotted  lines 
and  the  flap  is  then  fractured.     In  thin  way  the  middle  meningeal  is  very  unlikely  to  be  injured, 
and  if  injured  is  injured  at  the  end  of  the  operation. 

of  the  surgeons  present  who  had  never  used  or  even  seen  these  instru- 
ments before,  and,  placing  the  burr  over  the  squamous  portion  of  the 
temporal  bone  of  a  cadaver,  asked  him  to  drive  it  into  the  brain  if  pos- 
sible. After  a  few  turns  the  brace  could  not  be  revolved  any  further, 
and  on  removing  the  burr,  the  uninjured  dura  was  exposed  at  the  bottom 
of  the  opening.  No  severer  test  of  its  safety,  I  think,  could  be  devised. 
These  instruments  can  be  obtained  from  Charles  Willms  &  Co., 
Baltimore,  and  doubtless  will  soon  be  made  by  all  competent  instru- 
ment makers.  Any  purchaser,  however,  should  be  assured  by  trial 
on  any  animal  bone,  such  as  the  shoulder-blade  of  a  sheep,  that  the 
instruments  functionate  properly. 


CHAPTER  LXXX. 

GENERAL  ANESTHESIA  AND  ANESTHETICS. 
By  Hobart  Amory  Hare,  M.D., 

PHILADELPHIA. 

The  term  anesthesia  was  first  employed  by  Oliver  Wendell  Holmes 
November  21,  1846,  to  describe  the  state  of  an  individual  under  the 
full  physiologic  effect  of  ether.  It  is  derived  from  the  Greek  word 
altrdavo/iat,  with  the  negative  prefix  an,  and  if  strictly  interpreted, 
means  without  the  ability  to  feel.  Etymologically,  the  term  analgesia 
is  far  more  correct,  but  anesthesia  is  now  firmly  embedded  in  medical 
nomenclature,  and  is  sanctioned  by  usage.  That  the  state  of  the 
patient  under  one  of  the  drugs  used  for  the  production  of  surgical 
anesthesia  is  not  one  of  anesthesia,  but  that  of  analgesia,  is  illustrated 
by  the  case  of  the  child  cited  by  Snow,  who,  while  under  the  influence 
of  chloroform  to  the  extent  that  it  was  "cut  for  stone"  without  pain, 
nevertheless  had  so  little  disturbance  of  cerebration  and  the  sense  of 
feeling  that  it  played  with  a  toy. 

History. — There  can  be  no  doubt  that  human  beings  from  the 
earliest  times  endeavored  to  relieve  the  pain  of  disease,  injury,  and 
operation  by  the  use  of  measures  or  drugs  that  would  benumb  sensation. 
Pliny  tells  us  that  mandragora  is  taken  against  cuttings  and  puncturings 
lest  they  be  felt,  and  Apuleius  stated  that,  if  any  one  is  to  have  a  limb 
mutilated,  burnt,  or  sawn,  he  may  drink  half  an  ounce  [of  mandragora] 
with  wine,  and,  while  he  sleeps,  the  member  may  be  cut  off  without  any 
pain  or  sense.  The  Chinese  and  East  Indians  used,  in  very  early  times, 
full  doses  of  cannabis  indica  for  the  same  purpose.  Nor  were  these 
ancient  practitioners  satisfied  with  the  ingestion  of  the  drug  by  the 
stomach,  but  they  often  produced  insensibility  to  pain  by  making  the 
patient  inhale  the  vapor  of  burning  cannabis  indica;  or,  in  the  case  of 
mandragora,  from  having  them  smell  it.  These  methods,  often  com- 
bined with  the  use  of  intoxicating  doses  of  alcohol,  were  the  only  ones 
employed  until  the  middle  of  the  fifteenth  century,  when  Theodoric 
produced  surgical  anesthesia  by  the  use  of  the  "spongia  somnifera." 
This  was  prepared  by  boiling  a  sponge  in  water  to  which  had  been  added 
juices  derived  from  a  number  of  sources,  the  most  important  being 
mandragora,  opium,  hyoscyamus,  and  hemlock.  When  the  boiling 
had  been  continued  until  the  sponge  held  nearly  all  the  residue  in  the 
vessel,  it  was  placed  aside  to  dry.  When  needed,  this  sponge  was 
thoroughly  soaked  in  hot  water  and  placed  over  the  patient's  face, 
who  inhaled  the  fumes  until  insensible.  It  is  interesting  to  note  not 
1000 
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only  that  anesthesia  by  inhalation  was  produced,  but  that,  after  the 
operation  was  over,  the  patient  was  resuscitated  by  inhaling  vinegar 
from  another  sponge,  a  plan  of  resuscitation  often  utilized  by  modern 
surgeons  to  prevent  the  nausea  following  ether  and  chloroform. 

Various  mechanic  devises  whereby  pressure  upon  the  nerves  of  a 
part  was  brought  about  was  also  employed  for  many  hundred,  years  for 
the  relief  of  pain,  and  hypnotism  was  resorted  to,  but  with  little  success, 
for  obvious  reasons.  Binz  quotes  a  passage  from  Paracelsus  (who  died 
in  1541),  in  which  Paracelsus  recommends  for  internal  use  for  the  relief 
of  pain,  in  preference  to  opium,  a  drug  which  Binz  thinks  must  have 
been  identical  with  sulphuric  ether.  As  the  discovery  of  ether  is  usually 
credited  to  Valerius  Cordus,  who  was  not  born  until  1515,  it  is  manifest 
that  the  fluid  used  by  Paracelsus  could  not  have  been  ether,  or  else  that 
Valerius  Cordus  was  not  its  first  discoverer.  Cordus  undoubtedly 
produced  ether,  but  more  than  two  hundred  years  elapsed  before  any- 
thing further  was  done  concerning  it,  until  Froben,  a  German  chemist 
in  London,  made  it,  but  kept  the  method  of  its  production  secret. 
In  1731  Stahl  made  ether  in  Berlin,  first  calling  it  "sulphuric  ether/' 
thinking  that  it  was  a  modification  of  sulphuric  acid. 

The  real  history  of  surgical  anesthesia  is,  however,  to  be  found  in 
the  last  one  hundred  years.  It  is  true  that  Pearson,  of  Birmingham, 
England,  gave  ether  vapor  in  1795  to  diminish  the  sufferings  of  advanced 
pulmonary  tuberculosis,  but  its  effects  were  not  sufficient  to  produce 
anesthesia  or  unconsciousness.  In  1795  Beddoes,  of  Bristol,  England, 
recorded  experiments  in  which  one  dram  of  ether  was  inhaled,  and 
advised  that  pulmonary  consumption  be  treated  by  inhaling  three 
times  a  day  1  dram  of  a  mixture  of  ether,  1  ounce,  and  cicuta  leaves, 
half  a  dram,  and  Crowther  reported  a  case  cured  by  this  measure. 
Thornton  reported  to  Beddoes  that  he  produced  unconsciousness  by 
the  use  of  ether  in  a  woman  who  was  suffering  from  a  painful  affection 
of  the  breast.  It  is  also  a  fact  that  Sir  Humphrey  Davy,  in  1798,  found 
that,  while  he  was  experimenting  with  nitrous  oxid  gas,  he  was  relieved 
of  a  toothache,  and  for  this  reason  he  suggested  that  this  gas  be  used 
by  surgeons  for  the  relief  of  pain,  but  his  advice  was  unheeded.  In 
1818  Faraday  stated  that  the  inhalation  of  ether  vapor  decreased  pain, 
as  did  nitrous  oxid,  and  Thompson,  of  Glasgow,  showed  his  students 
that  if  they  inhaled  this  vapor,  the  pain  of  minor  injuries  was  not  felt. 
Here,  on  the  threshold  of  one  of  the  greatest  discoveries  of  modern 
times,  the  profession  "marked  time"  for  forty-four  years,  and  the  step 
between  the  partial  benumbing  of  sensation  as  an  amusing  experiment, 
to  the  production  of  true  anesthesia,  was  not  taken.  Indeed,  Velpeau, 
in  1835,  said  "Eviter  la  douleur  dans  les  operations  est  un  chim&re 
qu'il  n'es£  pas  permisde  poursuivre  anjourd'hui!"  It  is  interesting  to 
note  in  this  connection  that,  although  it  was  stated  in  1862  by  Mareno 
y  Maiz  that  coca  leaves,  if  chewed  with  potash,  produced  anesthesia  of 
the  lips  and  tongue,  it  was  not  until  1884  that  Koller  introduced  cocain 
as  a  local  anesthetic. 

In  1839  a  medical  student  named  Clarke,  in  Rochester,  New  York, 


1002  GENERAL    ANESTHESIA    AND    ANESTHETICS. 

gave  ether  vapor  to  some  of  his  friends  to  inhale  for  amusement,  and 
one  of  them,  Morton,  three  years  later  (1842),  used  it  to  permit  him 
to  extract  a  tooth  painlessly.  In  this  same  year  some  students  in 
Anderson,  South  Carolina,  inhaled  ether  vapor  for  the  purpose  of 
getting  drunk,  and,  while  intoxicated,  caught  a  young  negro  and  forced 
him  to  inhale  so  much  of  it  that  he  became  unconscious  and  apparently 
dead,  greatly  to  their  alarm.  The  boy  recovered,  and  one  of  the 
students  told  Crawford  Long,  of  Georgia,  of  the  occurrence.  Long,  in 
this  same  year  (1842),  removed  a  cystic  tumor  of  the  jaw  from  a  patient 
under  the  influence  of  ether,  and  repeated  the  experiment  a  number  of 
times,  but  he  failed  to  grasp  the  extraordinary  value  of  the  idea,  or  was 
too  careless  to  report  it  at  the  time.  In  any  event  he  failed  to  keep 
on  using  the  drug.  On  the  other  hand,  Morton,  who  had  first  extracted 
a  tooth  for  a  patient  under  ether  in  1842,  as  already  stated,  was  alive 
to  the  value  of  the  discovery,  but  it  was  not  until  1846  that  he  did 
anything  more  about  it.  In  that  year  a  chemist  of  Boston,  named 
Jackson,  who  was  an  instructor  of  Morton,  suggested  to  Morton  that 
some  pure  ether  be  prepared  and  used  for  surgical  purposes.  Morton 
claimed  that  the  ether  having  been  made,  he  tried  it  before  Jackson  did 
so,  and  these  men  ceased  to  accuse  the  other  of  the  theft  of  an  original 
idea  only  when  the  grave  closed  over  them.  There  can  be  no  doubt, 
however,  that  Morton  deserves  the  credit  for  the  actual  introduction 
of  ether,  for  in  September,  1846,  Morton  again  gave  ether  and  pulled 
a  tooth  without  pain  to  the  patient,  whose  prolonged  unconsciousness, 
however,  frightened  him  so  much  that  he  did  not  dare  continue  his 
experiments  for  some  days.  The  critical  day  (October  16,  1846)  at 
last  arrived  when  he  persuaded  Warren  to  let  him  try  the  drug  in  the 
Massachusetts  General  Hospital,  Boston,  in  a  case  of  tumor  of  the  neck 
upon  which  Warren  was  about  to  operate.  The  effect  was  so  satisfactory 
that  Warren  said  to  his  class,  "Gentlemen,  this  is  no  humbug,''  and 
Bigelow  exclaimed,  with  less  guarded  enthusiasm,  "I  have  seen  some- 
thing to-day  that  will  go  around  the  world."  The  desire  for  personal 
aggrandizement  led  Morton  to  try  to  keep  the  character  of  the  drug 
a  secret.  He  called  it  "Letheon,"  but  its  odor  soon  disclosed  its  real 
nature,  and  on  November  7,  1846,  he  admitted  that  the  drug  was  sul- 
phuric ether.  Finding  that  he  was  deprived  of  a  financial  reward, 
Morton  then  sought  the  credit  for  the  scientific  introduction  of  the 
drug,  a  credit  usually  given  him  to-day,  although  Long's  early  work 
and  Jackson's  labors  undoubtedly  aided  in  its  introduction. 

For  obvious  reasons  the  use  of  ether  for  anesthesia  spread  like 
wildfire.  In  Philadelphia  it  was  first  used  by  Pancoast  in  the  Jefferson 
Medical  College  Hospital,  December  19,  1846.  In  January,  1847, 
Sir  James  Simpson  first  used  ether  in  Edinburgh  during  the  performance 
of  version. 

Although  Thompson  described  a  crude  form  of  chloroform  in  1820, 
formed  by  the  union  of  chlorin  and  olefiant  gas,  to  which  he  gave  the 
name  "  Dutch  liquid, "  the  true  discovery  of  chloroform  is  due  to  Guthrie, 
of  Sackett's  Harbor,  New  York,  a  surgeon  in  the  United  States  Army, 
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who  made  his  report  in  October,  1831.  Liebig  discovered  it  independ- 
ently in  November,  1831,  and  Soubeiran,  in  France,  did  likewise  in 
January,  1832.  Although  a  Dr.  Ives,  of  New  Haven,  used  it  by  inhala- 
tion in  the  latter  part  of  1831  in  a  case  of  asthma,  the  employment  of 
chloroform  as  an  anesthetic  did  not  take  place  until  1847,  when  Waldie, 
a  chemist  of  Edinburgh,  suggested  its  use  to  Sir  James  Simpson,  who 
took  it  himself  and  gave  it  to  some  friends  in  his  own  house  in  November 
of  that  year.  Fortunately,  no  evil  effects  followed,  for  had  one  of  these 
investigators  died,  the  use  of  the  drug  would  have  been  indefinitely 
delayed.  The  first  patient  who  was  to  receive  chloroform  for  operation 
did  not  get  it  because  Simpson  was  detained,  but  by  a  strange  coinci- 
dence died  as  the  first  incision  was  made.  Had  chloroform  been  used 
and  death  ensued,  it  would  have  been  regarded  as  a  deadly  drug.  The 
first  actual  use  of  chloroform  for  surgical  purposes  was  by  Simpson 
in  the  Edinburgh  Royal  Infirmary  on  November  17,  1847. 

Nitrous  oxid  was  known  to  possess  intoxicating  properties  many 
years  before  it  was  used  as  an  anesthetic.  Its  inhalation  caused  the 
individual  to  become  hilarious,  or  his  antics  caused  others  to  laugh, 
hence  the  term,  "laughing  gas."  On  December  10,  1844,  a  dentist  of 
Hartford,  Conn.,  named  Horace  Wells,  noticed  that  a  man  named 
Cooley,  who  had  taken  the  gas  for  amusement,  felt  no  pain  when  he 
fell  and  hurt  his  leg.  On  the  next  day  (December  11th)  Wells  inhaled 
the  gas  himself  and  had  a  molar  tooth  painlessly  extracted.  He  at 
once  recognized  the  value  of  the  discovery,  and  tried  it  with  ether 
successfully  in  other  dental  cases.  He  persuaded  Warren,  as  did  Morton 
two  years  later,  to  let  him  give  the  gas  in  the  Harvard  Medical  School, 
but  because  he  did  not  provide  enough  gas  he  failed  to  cause  anesthesia, 
and  was  hissed  and  hooted  out  of  the  building  by  the  students.  Wells 
died  in  1848.  With  his  death  nitrous  oxid  fell  into  desuetude,  and  it 
was  not  until  Colton  published  his  epoch-making  report  of  20,000 
successful  inhalations  in  1867  that  the  gas  took  its  place  as  a  standard 
anesthetic. 

General  Considerations. — Notwithstanding  the  well-recognized 
fact  that  the  older  anesthetics  possess  many  disadvantageous  qualities, 
and  that  experimenters  have  endeavored  unceasingly  to  invent  sub- 
stitutes that  would  prove  better,  it  nevertheless  is  true  that,  from  the 
standpoint  of  reliability,  safety,  and  general  applicability,  ether  and 
chloroform  are  still  facile  princeps.  There  is  only  one  other  anesthetic 
which  is  safer,  namely,  nitrous  oxid,  and  this  gas,  to  use  the  expression 
often  applied  to  machinery,  is  not  flexible  enough.  That  is  to  say,  it 
does  not  meet  almost  every  need  of  the  general  surgeon,  as  do  ether  and 
chloroform. 

It  is  not  possible  to  discuss  all  the  drugs  that  have  been  tried  as 
anesthetics,  nor  all  the  mixtures  of  drugs  of  various  physiologic  effects 
and  various  volatility.  In  this  article  the  only  anesthetics  which  will 
be  included  are — (1)  Ether;  (2)  chloroform;  (3)  nitrous  oxid;  (4)  ethyl 
chlorid;  (5)  ethyl  bromid,  and,  lastly,  those  mixtures  of  these  drugs 
which  are  largely  used  by  some  surgeons. 
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Before  taking  up  each  individual  drug  it  is  wise  to  discuss  certain 
general  facts  as  to  surgical  anesthesia.     In  the  first  place,  it  may  be 
laid  down  as  an  axiom  that  the  use  of  an  anesthetic  in  some  form  is  to 
be  resorted  to  in  all  surgical  procedures  that  cause  pain  unless  the  pain 
be  very  moderate  or  the  operation  very  brief   indeed.     Even  if  the 
operation  be  brief,  if  it  is  distinctly  painful,  anesthesia  is  advisable, 
because  it  is  humane  and  because  it  not  only  relieves  ordinary  pain, 
but  distinctly  decreases  the  mental  perturbation  and  nervous  shock, 
both  of  which  are  important  factors  in  the  near  and  the  remote  lifetime 
of  the  patient.     Although  local  anesthesia  may  be  adequate  in  many 
minor  surgical  procedures,  the  mere  relief  of  pain  is  not  all  that  is 
needed  if  the  operation  is  one  which  engenders  fear  on  the  part  of 
the   patient,  for  one  of  the  blessings  of  surgical  anesthesia  is  the 
production  of  unconsciousness. 

There  is  probably  only  one  state  which  distinctly  contraindicates 
a  general  anesthetic,  namely,  well-developed  diabetes  mellitus,  in  which 
diabetic  coma  nearly  always  follows.  There  are,  however,  a  large 
number  of  conditions  in  the  face  of  which  the  wisdom  of  using  an 
anesthetic  drug  must  be  carefully  debated.  In  some  of  these  it  is 
distinctly  unwise  to  use  any  of  the  general  anesthetics  in  the  great 
majority  of  instances,  as,  for  example,  when  operations  are  performed 
for  goiter,  in  the  occasional  profound  collapse  or  shock  from  perforation 
of  the  bowel  in  typhoid  fever,  and  in  cases  of  cardiac  and  renal  disease, 
when  anasarca  and  pulmonary  edema  threaten  to  close  the  scene.  On 
the  other  hand,  even  the  presence  of  well-developed  cardiac  disease 
is  an  indication  rather  than  a  contraindication  for  the  use  of  a  properly 
selected  anesthetic.  I  have  repeatedly  seen  patients,  on  whom  an 
operation  was  attempted  without  a  general  anesthetic,  become  cyanotic 
and  distressed  because  of  fear  of  its  effects,  but  immediately  improve 
if  ether  was  skilfully  given,  the  ether  not  only  removing  painful  impres- 
sions and  mental  distress,  but  also  acting  as  a  cardiovascular  stimulant. 
So,  too,  the  fact  that  a  patient  has  nephritis  does  not  contraindicate 
the  use  of  an  anesthetic.  On  the  contrary,  if  an  operation  is  essential 
to  save  life,  the  chances  for  such  are  in  many  instances  greater  if  an 
anesthetic  is  employed. 

Each  case  must  be  considered  by  itself,  not  only  as  to  the  gravity  of 
the  morbid  lesions  which  may  be  present,  but  also  from  the  standpoint 
of  which  drug  will  be  the  safest  in  view  of  the  existence  of  such  lesions. 
Anesthetic  drugs  are  given  too  largely  as  a  matter  of  custom  or  routine. 
In  the  temperate  zone,  where  the  climatic  conditions  permit  the  use  of 
all  the  drugs  used  for  the  production  of  surgical  anesthesia,  a  careful 
choice  should  be  made  for  each  case  which  comes  to  operation.  In  hot 
climates  chloroform  must  be  the  choice  nearly  always  because  of  the 
high  volatility  of  ether.  At  present  ether  is  used  almost  to  the  exclu- 
sion of  every  other  anesthetic  in  many  of  the  large  operating  clinics  of 
the  northern  United  States,  and  chloroform  is  still  equally  popular  in 
England  and  on  the  European  continent,  although  the  recognition  of 
the  value  of  ether  is  becoming  more  wide-spread  in  both  these  areas. 
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As  Luke  well  says:  "We  are  surely  bound  to  use  the  safest  anesthetic 
which  we  possibly  can  for  any  given  operation,  taking  all  the  circum- 
stances of  the  case  into  consideration,  and  we  have  no  right  whatever 
to  give  chloroform  to  a  patient  for  the  extraction  of  teeth  when  nitrous 
oxid  is  available,  and  we  are  in  duty  bound  to  give  ether  rather  than 
chloroform  for  a  curettement  if  there  is  no  contraindication  to  ether 
in  a  given  case.  At  the  same  time,  unreasonable  or  unreasoning  bias 
is  to  be  avoided,  and,  if  an  operation  on  the  brain  or  about  the  face  is  to 
be  performed,  we  are  equally  bound  to  administer  chloroform,  as  in 
this  case  the  immediate  necessities  of  the  operation  must  be  foremost 
in  our  mind,  and  the  high  death-rate  from  chloroform  must  not  make 
us  frightened  to  use  it,  where  there  is  such  a  clear  indication." 

A  vast  army  of  statistics  as  to  the  relative  safety  of  chloroform, 
ether,  and  nitrous  oxid  has  been  assembled.  These  show  that  the 
death-rate  from  their  use  is. about  as  follows: 

Chloroform 1  death  in       2500  anesthesias. 

Ether 1  death  in    16,000  anesthesias. 

Nitrous  oxid 1  death  in  200,000  anesthesias. 

The  peculiar  limitations  of  nitrous  oxid  prevent  us  from  employing 
it  universally,  and  the  fact  that  ether  is  far  safer  than  chloroform  makes 
it  the  anesthetic  of  choice  in  ordinary  conditions.  There  are,  however, 
certain  contraindications  to  the  use  of  ether  which  necessitate  its  being 
put  aside.  The  first  of  these  is  any  state  of  advanced  degeneration  of 
the  blood-vessels,  such  as  atheroma  and  aneurysm,  in  which  states  the 
great  increase  in  arterial  tension  produced  by  ether  may  cause  rupture 
of  a  vessel.  (See  Preparation  of  Case  for  Anesthesia.)  The  second 
contraindication  is  any  acute  inflammation  or  irritation  of  the  kidneys 
or  chronic  parenchymatous  nephritis,  particularly  if  red  blood-cells 
are  in  the  urine.  In  such  cases  the  use  of  much  ether  will  be  deleterious 
to  the  renal  tissues.  The  third  contraindication  occurs  in  some  cases 
of  operation  upon  the  brain  or  abdominal  contents,  in  which  cerebral 
congestion,  on  the  one  hand,  with  high  blood  pressure  or  vomiting,  on 
the  other,  may  complicate  the  operation  or  produce  serious  postopera- 
tive difficulties.  A  fourth  contraindication  occurs  in  operations  upon 
the  nose  and  mouth,  in  which  the  necessity  of  giving  ether  constantly 
interferes  with  the  operative  procedure  or  produces  profuse  secretion 
of  mucus  and  saliva  by  reason  of  the  irritant  fumes  of  the  drug.  Fifth, 
ether  is  contraindicated  or  must  be  used  with  caution  in  persons  who  are 
suffering  from  acute  or  chronic  bronchitis  with  excessive  secretion, 
since  its  vapor  may  cause  so  much  irritation  or  produce  such  an  excess 
of  secretion  as  to  interfere  with  respiration  during  or  after  operation. 
It  has  been  taught  that  ether  is  absolutely  contraindicated  in  cases 
which  suffer  from  emphysema  of  the  lungs,  chronic  bronchitis,  bronchiec- 
tasis, or  pulmonary  tuberculosis.  There  can  be  no  doubt  that  all  these 
conditions  are,  in  the  majority  of  cases,  unfavorably  influenced  by  this 
anesthetic.     On  the  other  hand,  such  patients  not  rarely  suffer  from 
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associated  cardiac  weakness,  and  if  this  is  the  case,  chloroform  may  be 
the  more  dangerous  drug.  If  ether  is  given  by  the  drop  method  and 
with  great  caution,  I  believe  it  is  much  the  safest  anesthetic  of  the  two 
in  the  presence  of  cardiac  lesions.  Sixth,  ether  should  be  avoided 
in  the  case  of  children  or  adults  in  whom  ether,  on  a  previous  occasion, 
has  acted  deleter iously  upon  the  lungs  or  kidneys,  and,  seventh,  it  is 
to  be  recalled  that  alcoholics  are  not  favorable  subjects  for  the  use  of 
ether,  because  it  produces  anesthesia  only  when  used  in  very  large  or 
excessive  amounts. 

On  the  other  hand,  there  are  a  number  of  conditions  in  which  the 
known  physiologic  action  of  ether  makes  it  distinctly  the  drug  of  choice. 
Any  feeble  condition  of  the  heart  in  a  patient  requiring  operation  will 
probably  be  benefited  by  the  effect  of  the  drug,  if  it  be  given  skilfully, 
and  it  is  hardly  necessary  to  add  that  the  utmost  skill  in  administration 
will  often  be  necessary  in  the  presence  of  such  lesions. 

The  conditions  which  exclude  chloroform,  as  a  rule,  are,  first, 
myocardial  degeneration,  cardiac  dilatation,  and  any  state  which  causes 
distinct  cardiac  feebleness  or  severe  cardiac  fatigue,  as,  for  example, 
pulmonary  emphysema  and  asthma.  It  is  also  dangerous  in  valvular 
disease  with  ruptured  compensation  or  in  cases  in  which  the  heart  is 
on  the  borderland  of  ruptured  compensation.  If  valvular  disease 
with  compensatory  hypertrophy  is  present,  chloroform  may  be  used  if 
the  cardiac  first  sound  is  clear,  but  it  is  not  the  anesthetic  of  choice. 
Aortic  regurgitation  strongly  contraindicates  its  employment.  Addi- 
tional contraindications  are  a  state  of  poor  nutrition,  as  in  those  suffering 
from  prolonged  suppuration  or  diabetes  mellitus.  Lymphatic  patients 
are  poor  subjects  for  the  use  of  chloroform.  (See  Delayed  Chloroform 
Poisoning.) 

On  the  other  hand,  chloroform,  because  of  its  known  physiologic 
effects,  often  is  the  remedy  of  choice.  This  is  notably  the  case  in 
instances  of  arterial  spasm  causing  very  high  arterial  tension,  and  in 
which  the  heart  is  hypertrophied  to  meet  the  strain.  In  such  a  case  the 
chloroform,  if  given  with  care,  will  lower  tension  instead  of  raising  it  to 
an  undue  degree,  as  does  ether,  and  therefore  prove  useful.  Again, 
given  a  case  of  nephritis,  new  or  old,  chloroform  is  the  drug  of  choice 
in  most  instances  because,  although  quantity  for  quantity  it  is  far  more 
irritating  to  the  kidneys  than  ether,  it  requires  so  little  chloroform, 
relatively,  to  cause  anesthesia  that  its  effect  is  less  irritating  to  the 
kidney  than  is  that  of  ether.  A  very  large  number  of  investigations 
upon  animals  and  upon  man  have  been  carried  out  to  determine  the 
influence  exercised  by  chloroform  and  ether  upon  the  kidneys.  In 
many  instances  the  results  have  been  conflicting,  but  at  the  present 
time  it  may  be  stated  that  during  the  early  stages  of  the  administration 
of  chloroform  the  urinary  flow  is  often  increased,  although  when  full 
anesthesia  is  developed  secretion  is  usually  diminished  and  rarely 
suppressed.  After  the  anesthetic  is  withdrawn,  it  is  found  that  there 
is  a  great  increase  in  urinary  flow,  amounting  to  four  times  the  normal 
volume  in  the  same  period  of  time,  and  this  increased  flow  is  maintained 


PREPARATION    OP    PATIENT    FOR    ANASTHESIA.  1007 

for  several  hours.  The  nitrogen  content  of  the  urine  is,  however,  greatly 
reduced,  and  there  is  also  a  reduction  in  nearly  all  its  solids.  In  cases 
in  which  the  chloroform  is  administered  for  a  long  time  there  may  be  a 
considerable  outwandering  of  leukocytes  into  the  renal  tubules,  these 
leukocytes  eventually  escaping  in  the  urine.  Thompson1  believes  that 
this  diapedesis  is  the  result  of  stasis  in  the  blood-vessels  of  both  the 
glomeruli  and  the  tubes,  rather  than  from  any  irritation  of  the  kidney 
itself.  The  only  ingredients  of  the  urine  which  are  markedly  increased 
by  the  elimination  of  chloroform  are  the  chlorids,  which  appear  in  far 
greater  quantity  than  normal,  both  during  and  after  its  administration. 
Thompson  asserts  that  after  the  drug  is  stopped  the  amount  of  chlorids 
in  the  urine  may  be  ten  times  the  normal  quantity.  Albuminuria 
from  previously  healthy  kidneys  occurs  in  a  very  small  percentage  of 
cases,  but  reducing  substances  other  than  glucose  may  be  present  in  the 
urine  in  considerable  quantity.  Their  nature  has  not  yet  been  deter- 
mined. 

The  effect  of  ether  on-  the  kidneys  during  the  first  stages  of  its 
administration  is  usually  a  diminution  in  the  quantity  of  urine,  and 
if  the  drug  is  pushed,  the  diminution  in  secretion  becomes  more  marked 
than  when  chloroform  is  given.  If  excessive  quantities  of  ether  are 
used,  suppression  of  urine  may  be  produced.  The  nitrogen  elimination 
in  the  urine  is  also  diminished,  but  not  so  greatly  as  when  chloroform 
is  used.  Ether  also  causes  a  greater  outwandering  of  leukocytes  into 
the  urine  than  does  chloroform,  but  here  again  Thompson  is  of  the 
opinion  that  stasis  in  the  kidney  rather  than  the  irritation  is  the  cause 
for  this  outwandering.  The  chlorids  are  increased,  but  not  nearly  so 
much  as  they  are  under  chloroform.  Transient  albuminuria  is  far 
more  commonly  met  with  when  ether  is  given  than  when  chloroform 
is  used,  but  reducing  substances  after  the  use  of  ether  are  not  so  con- 
stantly present. 

The  Preparation  of  the  Patient  for  Anesthesia.— Unless  the 
need  of  operative  procedure  is  most  urgent,  a  period  of  not  less  than 
twenty-four  hours  should  be  set  aside  for  the  careful  preparation  of  the 
patient.  During  this  time,  and  if  possible  for  several  days  before  this, 
the  urine  should  be  frequently  examined,  first,  to  determine  whether 
the  kidneys  are  healthy,  and,  second,  to  discover  the  presence  of  glyco- 
suria or  diabetes.  The  urine  should  also  be  measured  in  order  that  it 
may  be  discovered  if  its  quality  is  normal,  since,  if  it  is  scanty,  renal 
complications  are  much  more  prone  to  occur  than  if  it  is  freely  secreted. 
In  many  cases  in  which  the  urine  is  scanty,  unless  its  scantiness  depends 
upon  nephritis,  the  free  administration  to  the  patient  of  pure  water 
in  sufficient  quantities  to  flush  the  kidneys  will  be  all  that  is  required. 
The  efficiency  of  the  water  may  be  increased  by  adding  either  bicar- 
bonate of  potash  or  citrate  of  potash,  in  small  quantities,  not  more 
than  20  or  30  grains  being  taken  in  the  twenty-four  hours,  since  potash 
salts,  if  given  in  large  quantity,  act  as  circulator}"  depressants.  Should 
a  more  active  diuretic  be  desired,  small  doses  of  sweet  spirit  of  niter 
may  be  added  to  the  draft,  since  this  simple  remedy  acts  as  an  efficient 
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diuretic  in  many  cases,  overcoming  any  tendency*  to  spasm  of  the  renal 
vessels,  and  flooding  these  organs  with  blood. 

Not  only  should  the  urine  be  examined  chemically,  but  also  micro- 
scopically. Indeed,  the  microscopic  examination  may  be  the  more 
important  of  the  two,  for  the  presence  of  albumin  does  not  necessarily 
prove  the  existence  of  severe  renal  disease,  whereas  the  finding  of 
granular,  waxy,  or  hyaline  casts  in  great  number  would  indicate  that 
the  patient  is  not  in  a  fit  state  for  the  use  of  an  anesthetic.  This  is 
particularly  true  of  large  granular  casts  and  blood-cell  casts,  indicating 
the  presence  of  parenchymatous  nephritis. 

There  can  be  no  doubt  that  insufficient  attention  at  the  present 
time  is  paid  to  the  state  of  the  circulatory  system,  particularly  in  persons 
beyond  forty  years  of  age.  It  is  true  that  the  heart  is  usually  examined 
to  discover  the  presence  of  a  murmur,  and  not  infrequently  the  finding 
of  a  murmur  is  considered  as  an  adequate  reason  for  questioning  the 
use  of  an  anesthetic.  As  a  matter  of  fact,  the  presence  of  a  murmur, 
if  associated  with  compensation,  is  no  contraindication  to  the  employ- 
ment of  an  anesthetic,  nor  is  cardiac  hypertrophy  a  contraindication. 
On  the  other  hand,  the  discovery  of  cardiac  dilatation,  with  or  without 
a  murmur,  is  a  contraindication,  and,  if  possible,  should  be  overcome 
by  proper  treatment  before  the  anesthetic  is  used.  If  the  first  sound 
of  the  heart  is  weak  and  time  suffices,  small  (not  largo)  doses  of  digitalis 
or  strophanthus  should  be  given  during  a  period  of  a  week  or  ten  days, 
not  so  much  with  the  object  of  powerfully  stimulating  the  heart,  as  of 
improving  its  nutrition  and  thereby  putting  it  in  better  position  to 
withstand  the  anesthetic  and  the  effects  of  the  operation.  Another 
very  important  circulatory  condition  almost  universally  ignored  by 
surgeons  is  the  state  of  arterial  tension.  In  a  fairly  large  proportion  of 
patients  coming  to  operation  after  the  fortieth  year  arterial  tension  is 
above  normal,  due  in  part  to  spasm  and  in  part  to  arteriocapillary 
fibrosis.  This  high  tension  requires  of  the  heart  far  greater  effort 
than  exists  in  health,  and,  therefore,  it  not  infrequently  happens  that 
before  the  anesthetic  is  given  the  patient's  heart  is  distinctly  fatigued. 
Added  to  this  fatigue  is  the  additional  effort  due  to  the  increased  spasm 
produced  by  mental  anxiety,  and  after  ether  or  nitrous  oxid  is  employed 
the  great  rise  of  blood-pressure  produced  by  these  drugs  throws  a 
still  greater  burden  upon  the  heart.  In  all  cases  where  time  suffices 
a  careful  estimation  of  the  blood-pressure  should  be  made,  if  possible, 
with  the  sphygmomanometer,  and  if  it  is  found  to  be  abnormally  high, 
it  should  be  brought  to  approximately  natural  limits  by  the  use  of  the 
nitrites.  If  tension  is  decidedly  above  normal  and  time  does  not  suffice 
for  a  prolonged  course  of  the  nitrites,  a  hypodermic  injection  of  nitro- 
glycerin (tto  to  -en  grain)  should  be  given  before  and  during  the  opera- 
tion. On  the  other  hand,  if  a  condition  of  hypotension  is  present, 
strychnin  and  digitalis  should  be  used  for  some  days  before  the  opera- 
tion, and  strychnin  should  be  given  immediately  before  the  anesthetic 
is  given  to  prevent  hypotension  developing  to  a  dangerous  degree.  If 
more  attention  were  paid  to  blood-pressure  prior  to  operation,  fewer 
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cardiac,  pulmonary,  and  renal  complications  would  be  credited  to  the 
evil  effects  of  the  anesthetics  employed. 

A  number  of  researches  have  shown  that  the  administration  of  ether 
and  chloroform  diminishes  hemoglobin  materially.  In  other  words, 
the  color  index  is  decreased.  J.  Chalmers  DaCosta  concludes  from 
his  investigation  that  ether  produces  increased  hemolysis.  There  can 
also  be  no  doubt  that  the  duration  of  the  anesthetic  state  and  the 
amount  of  ether  used  directly  influence  the  blood  changes.  For  many 
years  it  has  been  generally  recognized,  both  because  of  clinical  exper- 
ience and  experimental  research,  that  profound  anemia  contraindicates 
the  administration  of  the  ordinary  anesthetics.  Surgeons  generally 
hold  that  when  the  hemoglobin  is  below  50  per  cent,  it  is  dangerous 
to  give  ether  or  chloroform.  This  rule  is  a  wise  one  to  follow,  and 
should  be  abrogated  only  when  some  vital  emergency  exists.  Mikulicz, 
however,  puts  30  per  cent,  hemoglobin  as  the  lowest  level  at  which 
operations  are  to  be  attempted.  There  are  cases,  of  course,  which  have 
been  successfully  operated  on  at  a  still  lower  level,  but  complications 
during  the  operation  or  immediately  after  it  are  so  prone  to  occur  and 
are  of  so  serious  a  nature  that  the  patient's  life  is  distinctly  in  jeopardy. 
The  danger  of  administering  an  anesthetic  to  an  anemic  patient  is 
greater  when  the  anemia  is  chronic  and  depends  upon  some  disease 
of  the  blood-making  organs  than  when  it  is  acute,  as  the  result  of  hemor- 
rhage. In  either  instance,  however,  oxygen  should  be  given  during  the 
administration  of  the  anesthetic,  if  possible,  and  administered  freely 
for  some  time  after  the  anesthetic  is  stopped,  in  order  speedily  to 
resuscitate  the  patient. 

The  introduction  of  large  quantities  of  normal  saline  solution  into 
the  veins  with  the  idea  that  arterial  pressure  will  thereby  be  raised  is, 
of  course,  futile.  If  the  solution  is  given  hot,  the  heat  may  act  as  a 
stimulant,  or  the  saline  constituents  may  produce  such  an  influence, 
but  the  volume  of  the  fluid  itself  does  not  do  so.  On  the  contrary,  the 
use  of  venous  injection  or  hypodermoclysis,  whereby  a  large  quantity 
of  fluid  is  placed  in  the  patient's  body,  serves  to  burden  the  heart  and 
to  be  provocative  of  pulmonary  edema. 

Prior  to  the  use  of  any  anesthetic  by  inhalation,  and  particularly 
if  ether  is  to  be  employed,  the  patient  should  not  receive  any  food  for 
four  or  five  hours  before  the  operation,  since  an  empty  stomach  is  one 
of  the  most  efficient  preventives  of  vomiting  during  or  after  the  adminis- 
tration of  the  drug.  The  common  method  of  starving  a  patient  for  a 
great  number  of  hours  prior  to  the  administration  of  an  anesthetic 
seems  to  be  conclusively  proved  to  be  deleterious  by  the  investigations 
of  William  Hunter  in  i908  (London  Lancet.,  1908,  i,  p.  993).  Hunter 
believes  that  the  vomiting  is  not  of  nervous  origin,  but  essentially 
toxic,  and  clue  chiefly  to  interference  with  the  liver  by  the  drug.  This 
influence  of  chloroform  upon  the  hepatic  function  is  much  more  prone 
to  occur  in  a  liver  already  weakened  by  disease  or  by  poor  nutrition. 

There  can  be  no  doubt  that  the  absence  of  food  from  the  stomach 
during  the  administration  of  anesthesia  is  always  advantageous,  but 
vol.  v —  64 
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there  can  be  also  no  doubt  that  it  is  not  essential  to  starve  the  patient 
for  twelve  or  eighteen  hours  before  the  drug  is  given.  Easily  digested 
gruels  of  barley  or  rice  can  be  given  in  small  quantities  up  to  within  two 
or  three  hours  of  the  operation  with  distinct  advantage,  particularly 
if  their  digestion  is  hurried  by  the  use  of  takadiastase  or  pancreatin. 
These  starchy  gruels  have  the  advantage  that  they  permit  the  liver  to 
store  up  glycogen,  and  thereby  place  it  in  a  favorable  position  for  the 
maintenance  of  its  function;  whereas  animal  broths  not  only  fail  to  do 
this,  but  throw  an  undue  strain  upon  the  kidneys  in  the  elimination  of 
extractives.  As  Hunter  also  points  out,  a  deficiency  of  carbohydrates 
or  glycogen  in  the  liver-cells  results  in  increased  destruction  of  protein 
material,  and  this,  in  turn,  causes  the  formation  of  toxic  products. 
Again,  Hunter  believes  that  the  absence  of  glycogen  from  the  liver, 
by  diminishing  the  combustion  processes  in  that  organ,  diminishes  the 
antitoxic  powers  of  the  liver-cells  so  that  the  starved  individual  is  more 
easily  affected  by  poisons  than  the  well-fed  or  glycogen-rich  person. 
So,  too,  an  absence  of  carbohydrate  material  results  in  extensive  changes 
in  fat  metabolism,  which  results  in  an  increased  formation  of  acid,  and 
so  tends  to  the  development  of  acidosis. 

In  this  connection  it  is  interesting  to  note  that  Rosenfeld  and 
Beddard  both  hold  that  chloroform  poisons  the  hepatic  cells  in  such  a 
way  that  their  metabolic  processes  are  altered  to  the  extent  that  while 
they  can  utilize  carbohydrates,  they  can  but  imperfectly  deal  with 
proteids,  and  even  less  with  fats,  and,  therefore,  as  soon  as  the  cells 
have  used  up  their  carbohydrates  or  glycogen,  their  hungry  condition 
causes  a  breaking  down  of  tissue  proteid  and  a  transference  of  fat  to 
them,  but  since  neither  of  these  food-stuffs,  and  especially  the  fat,  is 
properly  utilized,  the  cells  remain  in  a  condition  of  severe  starvation 
and  so  rapidly  die.  Beddard  also  quotes  Rosenfeld  and  others  as 
having  proved  that  if  the  poisoned  animal  is  fed  with  dextrose,  the 
transportation  of  fat  does  not  occur,  because  it  is  not  necessary,  and  also 
that  recovery  is  much  more  likely  to  take  place  than  when  the  animal 
is  starved.  His  deductions,  therefore,  are  closely  allied  to  those  which 
we  have  already  quoted.  Not  only  should  patients  be  well  fed  with 
carbohydrates  prior  to  the  anesthesia,  but  it  is  advisable  to  feed  them 
freely  with  dextrose  by  the  mouth  or  by  enema  if  any  symptoms  follow 
the  use  of  the  anesthetic.  Beddard  even  goes  so  far  as  to  suggest  that 
a  6  per  cent,  solution  of  dextrose  be  intravenously  injected  in  urgent- 
cases  of  delayed  chloroform  poisoning,  treating  the  case  in  the  same 
manner  that  we  would  treat  diabetic  coma. 

In  operations  upon  the  stomach  this  viscus  must  be  not  only  empty 
of  food  before  the  operation,  but  must  be  carefully  washed  out,  by 
means  of  the  stomach-tube,  by  boric  acid  solution,  by  normal  saline, 
or  with  pure  water.  Indeed,  some  surgeons  make  it  a  practice  to  wash 
out  the  stomach  with  a  stomach-tube  before  all  abdominal  operations, 
claiming  that  by  so  doing  the  chances  of  vomiting  are  diminished.  In 
my  experience  the  passage  of  the  stomach-tube  in  a  person  who  is 
unaccustomed  to  its  use  prior  to  the  administration  of  the  anesthetic 
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not  infrequently  produces  so  much  irritability  of  the  vomiting  center 
and  of  the  pharynx  that  the  tendency  to  vomit  is  greatly  increased, 
rather  than  diminished.  It  is  hardly  necessary  to  add  that  the  patient's 
bowels  should  be  well  opened  by  means  of  some  mild  laxative  several 
hours  before  the  anesthetic  is  used,  and  if  the  tongue  is  foul  and  the 
liver  torpid,  small  doses  of  calomel  sufficient  to  stimulate  the  liver, 
without  weakening  the  patient  by  active  bilious  purging,  are  advisable. 
Under  these  circumstances  it  is  usually  best  to  give  a  saline  to  sweep 
the  bile  out  of  the  duodenum,  since  if  this  is  not  done,  the  retching  of  the 
patient  may  draw  into  the  stomach  the  freely  secreted  bile,  which,  in 
turn,  will  increase  nausae  and  vomiting. 

Whenever  an  anesthetic  is  given  by  inhalation,  the  patient  should 
be  directed  carefully  to  rinse  the  mouth  with  some  mild  antiseptic 
solution,  such  as  hydrogen  dioxid,  one  part  to  three  of  water,  or  a  weak 
solution  of  potassium  permanganate.  These  solutions  should  be 
drawn  between  the  teeth  and  used  as  a  gargle  in  order  to  cleanse  the 
mouth  and  fauces.  Not  infrequently  the  mouth  of  the  patient  is 
exceedingly  foul,  and  it  is  a  well-known  fact  that  almost  every  form  of 
micro-organism,  pathogenic  and  benign,  is  found  in  such  a  mouth. 
Sensitiveness  of  the  larynx  being  removed  by  the  anesthetic,  tiny 
particles  of  decomposing  food  from  between  the  teeth,  or  decomposed 
epithelium  and  droplets  of  mucus  and  saliva,  laden  with  germs,  readily 
gain  access  to  the  trachea  and  bronchial  tubes,  and  without  doubt 
produce  complications  in  the  lungs  in  a  large  number  of  cases  in  which 
the  anesthesia  is  considered  the  direct  cause  of  the  pulmonary  lesion. 
These  antiseptic  precautions  as  to  the  mouth  should  be  extended  to 
the  nasal  chambers  if  they  are  found  to  be  unhealthy,  and  are  partic- 
ularly important  in  those  of  advanced  years  who  have  bad  teeth  and 
also  those  who  have  chronically  enlarged  tonsils,  with  foul  secretions 
in  the  crypts. 

Prior  to  the  administration  of  any  anesthetic  by  inhalation  the 
anesthetizer  must  carefully  examine  the  patient's  mouth  to  determine 
that  there  is  no  foreign  body  present,  such  as  tobacco,  chewing-gum, 
particles  of  food,  or  false  teeth.  If  this  is  not  done,  a  foreign  body 
may  be  drawn  into  the  larynx,  with  serious  results.  The  clothing 
about  the  chest  and  throat  should  be  well  loosened  in  order  that  it  may 
not  impair  the  respiration  or  the  circulation  of  the  great  vessels  of  the 
neck. 

If  possible,  the  room  in  which  the  anesthetic  is  given  should  be  a 
different  one  from  that  in  which  the  operation  is  to  take  place,  in  order 
that  the  preparations  of  the  surgeons  and  nurses  shall  not  alarm  the 
patient.  Care  should  be  taken  that  this  room  is  also  quiet  and  that 
persons  do  not  pass  in  and  out  or  slam  doors.  In  other  words,  every 
effort  should  be  made  to  surround  the  patient  with  the  conditions 
conducive  to  ordinary  sleep,  since  by  this  means  artificial  sleep  is  more 
easily  induced.  '      , 

There  can  be  little  doubt  that  the  mental  condition  of  the  patient 
does  not  receive  enough  attention  from  the  average  anesthetizer,  to 
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whom  the  constant  administration  of  the  drug  becomes  a  matter  of 
routine.     It  is  remarkable  that  patients  whose  thoughts  are  made  to 
run  in  pleasant  channels  as  the  anesthetic  is  first  given  usually  take  the 
drug  more  quietly  than  those  who  inhale  it  in  a  condition  of  mental 
distress.     This  is  particularly  true  of  nervous  women  and  children. 
When  the  fears  of  a  patient  who  is  conscious  are  developed  into  the 
terrors  of  semiconsciousness,  in  which  the  patient  may  imagine  that 
the  most  frightful  accidents  are  taking  place,  it  can  readily  be  under- 
stood that  profound  nervous  shock  is  produced.     Any  one  who  has 
suffered  from  a  nightmare,  and  studied  his  mental  and  nervous  condition 
on  awakening  from  it,  will  appreciate  what  marked  functional  changes 
can  be  caused  by  mental  disturbance.     For  the  purpose  of  diminishing 
mental  anxiety  and  to  shorten  the  period  of  consciousness  and  uncon- 
sciousness under  the  influence  of  either  ether  or  chloroform,  many 
surgeons  administer  a  hypodermic  injection  of  morphin,  varying  from 
i  to  \  grain,  and  some  combine  with  this  atropin,  in  order  to  prevent 
circulatory  failure.     More  recently  many  surgeons  have  employed  a 
mixture  of  morphin  and  scopolamin,  the  latter  drug  being  much  more 
sedative  than  atropin,  in  addition  to  possessing  the  physical  action  of 
the  alkaloid  of  belladonna.     Both  atropin  and  scopolamin  distinctly 
decrease  the  tendency  to  profuse  secretion  of  saliva  and  mucus,  and  so 
prevent  the  development  of  cyanosis,  due  to  mechanic  obstruction  to 
the  entrance  of  air  into  the  vesicular  portions  of  the  lung.     (See  Mor- 
phin-scopolamin  Anesthesia.) 

The  Care  of  the  Patient  During  and  After  the  Administra- 
tion of  the  Anesthetic. — In  addition  to  a  plentiful  supply  of  fresh  air  in 
the  operating-room,  it  is  essential  in  many  cases  that  the  body  heat  be 
maintained  by  artificial  means.  Too  often  the  patient's  body  is  sepa- 
rated from  the  glass  top  of  the  operating-table  by  a  very  thin  blanket 
or  sheet,  and  not  infrequently  this  cover  soon  becomes  wet  with  irrigat- 
ing fluids,  or  by  the  water  which  is  used  in  scrubbing  the  part  which 
is  to  be  operated  upon,  with  the  result  that  the  patient's  back  is  unduly 
exposed  to  cold  and  wet.  In  such  a  case  pain  in  the  back,  congestion 
of  the  kidneys,  and  of  the  bases  of  the  lungs  is  usually  credited  to  the 
anesthetic  instead  of  to  exposure.  In  feeble  patients  it  is  better  to 
maintain  body  heat  by  the  use  of  warm  bottles  or  warm-water  bags 
rather  than  to  cover  the  chest  and  limbs  with  heavy  clothing,  which 
will  oppress  the  breathing. 

For  the  purpose  of  meeting  circulatory  and  respiratory  emergencies 
a  hypodermic  syringe,  already  charged  with  ^V  gr.  of  strychnin  and 
jhj  gr.  of  atropin,  should  be  at  hand,  and  adrenalin  and  hot  normal 
saline  should  also  be  ready  for  immediate  use  by  intravenous  injection. 
(For  details  as  to  these  measures  see  article  on  Chloroform.) 

The  employment  of  a  faradic  battery  for  the  purpose  of  resuscitating 
the  patient  who  has  suffered  from  collapse  during  the  administration 
of  the  anesthetic  js,  in  my  opinion,  almost  of  no  value.  While  it  is  true 
that  the  employment  of  a  strong  current  of  faradic  electricity  swept 
over  the  body  will  produce  a  reflex  effect  which  may  stimulate  the 
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vasomotor  and  respiratory  center  during  moderate  anesthesia  (the 
anesthesia  being  due  to  the  cerebral  effect  of  the  drug  rather  than  upon 
an  influence  on  the  spinal  cord),  it  is  also  a  fact  that  if  so  much  of  the 
anesthetic  drug  has  been  employed  that  an  accident  has  ensued,  the 
reflexes  are  largely,  if  not  completely,  abolished,  and  therefore  electricity 
fails  to  arouse  these  important  physiologic  functions.  Many  years 
ago  Dr.  Edward  Martin  and  myself,  in  an  original  research,1  showed 
that  the  practice  of  placing  one  electrode  of  a  faradic  battery  over  the 
diaphragm  and  another  over  the  phrenic  nerve  in  the  neck,  with  the 
idea  of  producing  diaphragmatic  contraction,  is  entirely  futile,  irrational, 
and  even  capable  of  doing  harm.  In  the  first  place,  the  rapidly  inter- 
rupted faradic  current,  if  it  acts  at  all,  produces  a  persistent  spasm  of 
the  diaphragm,  and  a  diaphragm  fixed  in  spasm  is  as  useless  as  a  dia- 
phragm inert  from  relaxation.  In  the  second  place,  it  is  practically 
impossible  to  stimulate  the  phrenic  nerve  without  the  current  diffusing 
to  the  vagus  nerve,  which  lies  close  by,  and  so  possibly  causing  inhibition 
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Fio.  476. — Arrest  of  the   Heart  bt  Irritation  op  the  Vagttr  Caused  bt  an  Attempt  to 
Faradize  the  Phrenic  Nerve  in  the  Neck. 


of  the  heart.  Although  it  is  true  that  stimulation  of  the  vagi  cannot 
permanently  arrest  a  healthy  heart,  vagal  arrest  of  the  heart,  super- 
imposed upon  profound  cardiac  depression,  may  provide  the  finishing 
touch  to  the  laboring  organ  (Figs.  476  and  477). 

Should  respiration  cease  under  the  effect  of  an  anesthetic,  artificial 
respiration  should  be  at  once  performed.  There  are  three  methods 
by  which  considerable  quantities  of  air  may  be  made  to  pass  in  and  out 
of  the  chest  by  the  efforts  of  the  operator.  One  of  these  is  the  so-called 
Sylvester  method,  in  which  the  arms  are  drawn  above  the  head  after 
abduction  and  then  adducted  and  laid  across  the  chest  with  pressure 
upon  the  thorax.  This  is  impracticable  in  most  cases  of  anesthetic 
accident  because  of  the  narrowness  of  the  operating  table  and  the 
absolute  flaccidity  of  the  patient.  The  method  advocated  by  Schafer 
within  the  last  few  years,  in  which  the  patient  is  laid  upon  the  anterior 
surface  of  the  body  with  the  head  turned  a  little  to  one  side,  so  as  to 
avoid  obstructing  the  mouth  and  nose,  is  also  difficult  of  performance 
upon  an  operating-table.     In  this  method  pressure  is  exerted  upon  the 
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floating  ribs,  the  heel  of  each  hand  being  applied  to  the  chest-wall  at 
about  the  posterior  axillary  line,  so  that  the  lower  segment  of  the  chest 
is  not  only  pressed  upon  from  above,  but  compressed  laterally.     This 
method  has  the  advantage  that  fluids,  such  as  excessive  secretion  and 
vomitus,  escape  from  the  mouth  and  nose  by  gravity.     The  method 
which  is  most  frequently  employed,  however,  is  that  of  Marshall  Hall, 
which,  although  it  possesses  great  disadvantages  in  that  the  volume  of 
air  which  enters  the  chest  is  less  than  with  the  other  methods,  is  more 
readily  performed  when  the  patient  is  lying  upon  an  operating-table. 
In  this  method  the  patient,  lying  in  the  dorsal  position,  is  treated  by 
pressure  exerted  by  the  hands  of  the  operator  twelve  times  a  minute 
upon  the  front  and  sides  of  the  lower  segment  of  the  chest.     The  natural 
resiliency  of  the  thorax  draws  air  into  the  lungs  when  the  pressure  is 
removed.     When  this  method  is  employed,  it  is  necessary  to  see  that 
the  mouth  and  pharynx  are  free  from  secretion  and  fluid. 

The  Sylvester  method   is   practically  impossible  on  an  ordinary 
operating-table. 


Fio.  477.— Another  Experiment  with  the  Same  Result  as  in  Fio.  470. 

Laborde's  method  of  artificial  respiration  is  not  so  efficacious  as  the 
others,  but  can  be  used  when  the  conditions  prevent  their  employment 
in  large,  fat  persons  who  are  so  chunky  and  heavy  that  artificial  respira- 
tion, by  compressing  or  moving  the  thorax,  is  impossible.  It  consists 
in  seizing  the  tongue  with  forceps  and  drawing  it  fully  out  of  the  mouth 
with  considerable  traction  fourteen  times  a  minute.  The  effect  produced 
is  entirely  reflex,  since  these  movements  cannot,  of  course,  mechanically 
affect  the  chest-walls. 

The  posture  of  the  head,  when  artificial  respiration  is  being  per- 
formed, is  most  important.  Many  years  ago  Howard,  of  London, 
showed  that  if  the  head  is  allowed  to  hang  over  the  end  of  the  operating- 
table,  the  epiglottis  is  completely  removed  from  the  glottis  in  such  a 
way  that  the  free  passage  of  air  is  allowed.  On  the  other  hand,  as  has 
been  pointed  out  by  Dr.  Martin  and  myself,  this  method  of  Howard 
causes  the  soft  palate  to  be  strapped  over  the  root  of  the  tongue  in  such 
a  way  that  respiration  must  be  carried  on  through  the  nasal  passages, 
which  is  a  great  disadvantage  in  view  of  the  fact  that  these  passages 
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may  be  obstructed  by  secretion,  by  hypertrophied  turbinated  bodies,  by 
adenoids,  or  by  deformities.  Dr.  Martin  and  I  proved  that  if  the  head 
is  extended  and  shot  forward,  so  that  the  occiput  is  raised  from  the 
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Fig.  478. — When  the  Neck  is  Stretched  and  the  Head  Pushed  Forward  the  Epiglottis  is 
Raised  and  the  Soft  Palate  is  Not  Strapped  over  the  Base  of  the  Tongue.  Nasal  and 
Mouth  Breathing  are  therefore  Possible. 

table  2  or  3  inches,  the  epiglottis  is  well  removed  from  the  glottic 
opening,  and  the  soft  palate  does  not  compress  the  root  of  the  tongue. 
This  posture  of  the  head  permits  free  breathing  through  the  mouth  as 
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Fig.  479. — When  the  Neck  is  Stretched  and  the  Head  Allowed  to  Fall  Backward  the 
Soft  Palate  is  Strapped  Over  the  Base  of  the  Tongue  and  Only  Nasal  Breathing  is 
Possible. 


well  as  the  nose.  It  is  quite  remarkable  how  the  noisy  breathing  under 
ether  and  chloroform  can  be  at  once  removed  if  the  head  is  made  to 
assume  this  posture,  a  posture  which  can  often  be  readily  maintained, 
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at  least  in  part,  by  placing  a  tightly  rolled  towel  upon  the  table,  between 
the  nape  of  the  neck  and  the  occiput.  It  is  distinctly  the  most  efficient 
posture  for  the  head  and  neck  when  artificial  respiration  is  to  be  per- 
formed (Figs.  478  and  479). 

If  care  is  taken  that  the  anesthetic  is  not  given  too  freely,  thereby 
irritating  the  pharynx  and  larynx  and  relaxing  the  patient  too  greatly, 
and  if  the  posture  of  the  head  just  advocated  be  maintained,  little 
trouble  will  be  experienced  in  most  cases  because  of  stertorous  breathing, 


Fig.  480. — Senn's  Tongue-holding  Forceps. 

due  to  relaxation  of  the  soft  palate  and  falling  back  of  the  tongue.  This 
falling  back,  or  " swallowing  of  the  tongue,"  is  more  prone  to  develop 
in  old  persons  with  relaxed  cheeks  and  no  teeth  than  in  other  individuals. 
If  it  occurs,  and  change  of  posture  of  the  head  does  not  relieve  it,  the 
tongue  may  be  seized  by  the  thumb  and  finger  covered  with  a  towel, 
and  drawn  forward,  and  if  this  measure  fails,  then  tongue  forceps 
should  be  used.  Dr.  George  W.  Spencer,  of  the  Jefferson  Hospital, 
who  has  had  an  experience  of  over  5000  cases,  decidedly  prefers  the 
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forceps  with  a  single  tooth  (Fig.  480)  to  the  fenestrated  forceps  on 
account  of  the  danger  of  destructive  pressure  upon  the  tissue  of  the 
tongue  by  the  latter.  Especially  is  this  a  danger  in  cases  in  which 
rhythmic  traction  upon  the  tongue  is  necessary.  While  it  is  true  that 
the  toothed  forceps  produces  a  punctured  wound  of  the  tongue,  yet 
neither  Keen  nor  Spencer  has  ever  seen  such  a  wound  become  infected. 
Care,  however,  must  be  taken  with  the  toothed  forceps,  especially  when 
rhythmic  traction  is  required,  lest  the  tongue  be  torn.  Spencer  strongly 
advises  that  the  tongue  should  be  seized  by  the  toothed  forceps,  not 
vertically,  as  is  usually  done,  but  horizontally,  t.  e.,  at  the  sides. 
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In  addition  to  a  pair  of  tongue  forceps  the  anesthetizer  should  be 
provided  with  a  mouth-opener,  such  as  that  of  Heister  (Fig.  481)  or 
Buxton's  ratchet  gag  (Fig.  482).  These  may  be  employed  for  the 
purpose  of  forcing  apart  the  jaws  when  there  is  spasm  of  the  masseter 
muscles,  or  for  holding  the  jaws  apart  when  such  spasm  is  feared. 
Sometimes  a  wooden  wedge  can  be  used  for  the  same  purpose.  (See 
Luke's  book.) 

To  prevent  irritation  of  the  respiratory  passages,  Spencer  uses 
a  spray  of  menthol  and  camphor,  8  grains  of  each  in  an  ounce  of  liquid 
albolene,  which  is  very  effective.  He  also  prevents  irritation  of  the 
conjunctivae  by  frequently  dropping  into  the  eyes  a  warm  solution  of 
boric  acid,  6  or  8  grains  to  the  ounce. 

When  the  circulation  fails  suddenly,  or  becomes  feeble  and  the 
face  is  pallid,  the  patient  will  often  be  greatly  benefited  by  the  Tren- 
delenburg posture,  but  this  posture  must  not  be  used  if  the  face  is 
cyanosed,  and  with  caution,  if  at  all,  in  persons  who  have  large  bellies 


Fia.  482. — Dudley  Buxton's  Ratchet  Pattern  Gag. 

or  in  those  who  have  had  large  bellies  as  the  result  of  disease.  In  these 
persons  the  pressure  of  the  abdominal  contents  upon  the  diaphragm 
seriously  impedes  respiration  and  the  heart.  When  enlargement  of  the 
belly  has  pushed  out  the  lower  ribs,  the  withdrawal  of  a  large  growth 
or  much  fluid  leaves  the  diaphragm  relaxed,  and  I  have  seen  death 
ensue  after  a  large  cyst  of  the  ovary  had  been  removed,  because  every 
inhalation  drew  the  flabby  diaphragm  so  high  in  tiie  chest  that  sufficient 
air  could  not  be  inspired.  In  such  cases  bandaging  the  extremities 
must  be  resorted  to,  to  confine  the  blood  to  the  vital  areas  of  the  body. 
Patients  who  have  been  deeply  anesthetized  for  the  performance 
of  severe  operations,  particularly  if  the  operation  has  been  a  long  one, 
should  not  be  placed  in  bed  until  they  have  begun  to  come  out  from 
the  anesthetic,  and  should  never  be  left  alone  until  they  have  thoroughly 
recovered  from  the  effects  of  the  drug.  During  the  period  of  returning 
consciousness  the  attendant  should  see  to  it  that  the  patient  does  not 
draw  into  the  deeper  respiratory  passages  mucus  and  other  secretions 
from  the  mouth  and  nose,  or,  after  vomiting  in  the  semi-anesthetic 
state,  inhale  materials  which  are  brought  up  from  the  stomach.  When 
coughing  or  vomiting  occurs,  such  patients  should  be  at  once  turned 
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on  the  side  in  such  a  way  that  free  drainage  from  the  mouth  can  take 
place. 

When  vomiting  follows  the  use  of  an  anesthetic  with  sufficient 
persistency  to  cause  great  discomfort  or  seriously  to  impair  the  patient's 
chances  of  recovery,  several  measures  for  relief  may  be  resorted  to. 
One  of  the  simplest  of  these  is  the  inhalation  of  vinegar  fumes,  the 
vinegar  being  poured  upon  a  napkin  and  held  over  the  patient's  nose 
and  mouth.     How  this  remedy  acts  is  not  known.     One  of  the  most 
efficient  internal  remedies  is  acetanilid,  given  in  1-  or  2-grain  doses, 
every  fifteen  minutes  or  half-hour  until  8  grains  are  taken.     It  may  be 
dissolved  in  brandy,  which  is  to  be  poured  over  shaved  ice,  and  given 
in  teaspoonful  doses,  or  it  may  be  placed  as  a  dry  powder  on  the  tongue. 
In  other  cases  similar  doses  of  chloretone  may  be  used,  and  if  vomiting 
is  incessant,  so  that  the  very  attempt  to  swallow  results  in  regurgitation, 
chloretone  dissolved  in  brandy  may  be  given  in  the  corner  of  the  mouth 
drop  by  drop,  by  means  of  a  medicine-dropper,  the  medicament  finding 
its  way  gradually  into  the  stomach  and  anesthetizing  the  mucous 
membrane  as  it  goes.     Small  doses  of  cocain,  varying  from  {  to  1  grain, 
may  be  given  in  similar  manner,  but  not  more  than  2  grains  should  be 
used  in  several  hours  lest  it  produce  marked  systemic  effects.     In  other 
cases  vomiting  may  be  stopped  by  washing  out  the  stomach  by  the  use 
of  a  stomach-tube.     Sometimes  it  may  be  necessary  to  give  a  rectal 
injection  of  30  to  40  drops  of  deodorized  tincture  of  opium  with  60 
grains  of  sodium  bromid  to  quiet  the  vomiting  center.     If  suppression 
of  urine  comes  on,  a  hypodermic  injection  of  nitroglycerin  to  relax 
spasm  of  the  renal  vessels,  or  the  hypodermic  use  of  1  grain  of  spartein 
sulphate,  may  be  efficacious  in  restoring  the  flow  of  this  secretion,  and 
the  injection  into  the  rectum  of  hot  water,  or  even  very  cold  water, 
may  reflexly  influence  the  renal  vessels  and  so  cause  a  flow  of  urine. 
In  other  instances  two  dry  cups  over  each  kidney  are  useful,  or,  in 
their  place,  a  hot  poultice  may  be  placed  under  the  loins. 

Finally,  it  is  important  to  remember  that  the  skilful  anesthetist  is 
he  who  succeeds,  by  the  administration  of  the  drug  in  hand,  in  inducing 
surgical  anesthesia  and  sufficient  abolition  of  voluntary  movement  to 
permit  the  surgeon  to  operate  without  inconvenience,  and  yet  does  not 
overdrug  his  patient.  Too  often  the  desire  to  produce  absolute  quiet 
results  in  the  patient's  being  saturated  with  the  drug.  This  condition 
of  saturation  may  seem  to  be  advantageous  during  the  operation,  but 
the  development  of  complications,  which  are  frequently  very  serious, 
not  seldom  counterbalances  any  advantages  primarily  obtained. 

CHLOROFORM. 

Physiologic  Action  of  Chloroform.— There  is  no  drug  or 
medicinal  substance  which  has  been  so  carefully  and  constantly  studied 
by  the  bedside,  the  operating-table,  and  in  the  laboratory  as  has  chloro- 
form, and  there  is  certainly  no  drug  which  during  the  last  fifty  years 
has  given  rise  to  more  discussion.     Indeed,  it  may  be  truthfully  said 
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that  no  other  subject  in  the  realm  of  medicine  has  received  such  universal 
attention  in  every  land,  and  by  men  in  almost  every  department  of 
medicine  and  surgery,  not  excluding  the  pathologist. 

Chloroform  acts  upon  all  living  protoplasm  as  a  depressant  or  paraly- 
zant, the  difference  in  its  action  in  various  quantities,  large  or  small, 
being  a  difference  in  degree  and  not  in  kind.  Any  apparent  stimulant 
effect  is  in  reality  due  to  its  primary  irritant  properties,  and  any  increase 
in  the  rapidity  or  depth  of  the  respiration  and  in  the  speed  and  vigor 
of  the  heart  or  rise  in  the  blood-pressure  being  apparent  and  not  real,  or, 
if  real,  dependent  upon  the  psychic  effect  of  the  drug  or  to  the  primary 
irritant  effect  of  its  vapor  if  it  is  used  in  concentrated  form.  Although 
clinically,  and  in  the  laboratory,  many  observers  have  reached  conclu- 
sions that  are  at  variance  with  some  of  the  following  statements,  I 
nevertheless,  believe,  from  a  careful  study  of  the  literature  and  my  own 
observations,  that  they  give  briefly  the  actual  effect  of  the  drug  on  the 
nervous,  the  respiratory,  and  circulatory  systems  of  a  healthy  person. 

Given  by  inhalation,  secundum  artem,  chloroform,  after  a  brief 
quickening  of  the  pulse  and  respiration,  causes  a  gradual  decrease  in 
the  activity  of  the  perceptive  portions  of  the  cerebrum,  followed  or 
accompanied  by  a  similar  obtunding  of  the  intellectual  activities  (of 
the  anterior — the  frontal — convolutions),  and,  finally,  if  the  dose  be 
adequate,  produces  a  similar  state  of  quiescence  of  the  motor  portions 
of  the  cortex.  It  also  depresses  the  sensory  pathways  in  the  spinal 
cord,  and,  if  still  further  pushed,  depresses  the  sensory  portions  of  the 
medulla.  If  still  further  pushed,  the  motor  portions  of  the  cord  and 
medulla  are  depressed,  but  when  this  effect  has  been  produced,  the 
drug  has  been  used  to  a  degree  considerably  in  excess  of  the  amount 
which  should  be  employed  for  surgical  anesthesia.  A  step  more,  and 
the  vital  functions  which  reside  in  these  parts  will  be  abated,  and 
death  will  ensue.  It  is  by  its  action  upon  the  perceptive  centers  in 
the  posterior  convolutions  that  the  chief  anesthetic  effect  of  the  drug 
is  produced,  for,  as  already  pointed  out,  it  is  possible  by  its  use  to  cause 
diminished  sensibility  before  cerebration,  in  the  sense  of  thought,  is 
ablated,  and  before  voluntary  movement  is  arrested.  The  exact 
change  produced  in  the  cells  is  generally  believed  to  be  a  solution  of 
their  lipoid  substance,  which,  however,  is  not  removed  from  the  cells, 
which  return  to  their  normal  state  as  the  effects  of  the  drug  cease. 

Upon  the  respiratory  and  circulatory  systems  the  action  of  the 
drug  is  forcible  and  important.  There  can  be  ho  doubt  that  the  dom- 
inant effect  of  the  drug  upon  the  respiratory  center  is  depressant, 
but  this  action  is  in  part  due  to  the  alterations  in  the  blood-supply  of 
the  medulla,  and  is  not  a  factor  of  great  importance  as  compared  to  its 
circulatory  effect.  In  other  words,  the  drug  in  any  dose,  within  the 
limits  of  ordinary  usage,  does  not  cause  death  by  direct  depression  of 
the  respiratory  center  in  a  previously  healthy  person.  The  changes  in 
the  blood-supply  of  the  medulla  and  the  effect  upon  the  mind  of  the 
patient  may  alter  the  rhythm  and  depth  of  the  respiratory  movements, 
and  these  are  to  be  carefully  watched,  not  because  they  directly  presage 
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disaster,  but  because  they  afford  an  opportunity  to  determine  the  dose 
of  chloroform  being  inhaled,  the  quantity  on  the  inhaler  not  being  a 
guage.  In  other  words,  the  respiration  is  to  be  watched,  because  if  deep, 
rapid,  or  stormy,  a  dose  of  the  drug  may  be  taken  which  will  produce 
disaster  to  the  circulation  and  indirectly  to  the  respiration.  Those 
who  at  the  present  day  advocate  watching  the  respiration  rather  than 
the  pulse,  do  not  do  so  because  they  believe  that  death  is  due  to  failure 
of  the  respiratory  center,  but  because  they  regard  this  function  as  a 
delicate  indicator  of  good  or  evil  progress. 

In  all  cases,  watching  the  respiration  is  more  important  than  watch- 
ing the  pulse,  because  by  this  means  we  estimate  the  dose,  and  we 
estimate  how  much  the  respiratory  center  is  suffering  from  a  failing 
circulation,  whereas  when  the  pulse  flags  or  stops,  the  danger  is  so 
imminent  that  it  may  not  be  put  aside.  If  possible,  watch  both  func- 
tions, but  if  not  both,  then  watch  the  breathing. 

When  we  come  to  discuss  the  effects  of  chloroform  on  the  circula- 
tion itself,  we  meet  with  the  chief  fields  of  physiologic  debate.  There 
can  be  no  doubt  whatever  that  chloroform  in  any  dose  diminishes 
cardiac  power  rather  than  increases  it,  but  there  can  also  be  no  doubt 
whatever  that  when  given  to  a  healthy  man  the  depression  of  the 
heart  muscle  is  not  the  chief  primary  effect  on  the  circulation.  The 
primary  and  chief  effect  is  upon  the  vasomotor  center,  and  possibly 
upon  the  muscular  coats  of  the  vessels,  and,  as  a  result,  chloroform 
always  causes  a  fall  of  blood-pressure  from  the  very  first  moment 
of  its  use  after  the  nervous  apprehension  of  the  patient  ceases.  The 
work  of  Bowditch  and  Minot  (Boston  Medical  and  Surgical  Journal, 
1874),  of  myself  and  Thornton  (Therapeutic  Gazette,  February,  1893), 
and  of  the  two  Hyderabad  Chloroform  Commissions  (Bombay,  1888 
and  1890,  also  London  Lancet,  January  18,  1890,  prove  this  beyond  all 
doubt,  and  every  research  that  we  have  studied  shows  the  truth  of  this 
assertion,  namely,  that  a  fall  of  blood-pressure  occurs. 

This  fall  of  blood-pressure  is  not  alone  due  to  depression  of  the 
vasomotor  center,  but  in  part  to  the  dilatation  and  diminished  power 
of  the  heart,  which  in  consequence  drives  the  blood  with  less  power 
and  in  less  quantity  a  minute  into  the  arteries.  As  the  pressure  falls 
the  blood-supply  to  the  medulla  and  the  respiratory  center  is  decreased, 
and  the  functional  activity  of  these  parts  is  diminished,  partly  by  the 
direct  and  partly  by  the  indirect  effect  of  the  drug.  Aside  from  the 
experimental  evidence  of  this  fact,  the  whole  history  of  the  methods 
of  restoration  in  chloroform  accidents  reveals  that  the  object  aimed 
at  is  an  increase  in  the  supply  of  blood  to  the  medulla.  The  inversion 
of  the  patient,  the  application  of  bandages  to  the  limbs,  the  employ- 
ment of  atropin  to  prevent  or  relieve  " bleeding  into  the  vessels"  of  the 
splanchnic  area,  are  all  efficacious,  because  they  supply  the  medulla  with 
blood,  and  they  would  be  futile  if  the  impending  death  were  due  to 
cardiac  failure  or  arrest.  Incidentally,  of  course,  the  restoration  of 
medullary  activity  and  arterial  pressure  supplies  the  coronary  vessels 
with  more  blood,  and  so  the  heart  is  bettered.    The  use  of  pressure 
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on  the  abdominal  aorta,  as  devised  by  Leonard  Hill,  whereby  the 
circulation  is  chiefly  confined  to  the  upper  segment  of  the  trunk  and 
the  arms,  is  efficacious  for  this  reason.  On  one  occasion,  when  I  was 
giving  chloroform  for  a  colleague  who  was  doing  an  abdominal  section, 
the  face  became  ghastly  white,  the  pulse  was  lost,  and  the  heart- 
sounds  were  inaudible,  yet  instant  recovery  ensued  when,  at  my 
request,  he  grasped  the  aorta  through  the  abdominal  wound  and  so 
restored  blood-pressure  in  the  cerebral  vessels  and  heart.  If  the  heart 
had  stopped,  such  a  measure  would  have  been  fruitless.  When  the 
additional  fact  is  recalled  that  very  many  of  the  accidents  from 
chloroform  have  occurred  when  the  patient  was  sitting  in  a  dentist's 
chair  and  not  reclining,  this  state  of  vascular  relaxation  becomes  still 
more  evident. 

To  sum  up,  therefore,  chloroform  may  be  said  to  act  primarily  upon 
the  vasomotor  center,  secondarily  upon  the  respiratory  center,  directly 
and  indirectly,  and,  lastly,  upon  the  heart.  Of  course,  any  sharp  divid- 
ing line  between  these  effects  is  impossible,  and  all  are  depressed  simul- 
taneously, the  difference  being  in  degree.  The  statements  just  made 
do  not  in  any  way  whatever  deny  that  chloroform  may  cause  death  by 
sudden  cardiac  failure,  the  arrest  of  the  heart  in  such  a  case  being  the 
dominant  effect  of  the  drug,  because  what  holds  true  of  a  man  in  health 
does  not  hold  true  of  a  man  who  is  diseased.  In  a  man  who  has  a 
degenerated  myocardium,  in  which  the  remaining  functionating  fibers 
are  staggering  under  the  load  caused  by  an  abnormally  high  tension 
due  to  arteriocapillary  fibrosis,  all  the  factors  are  present,  whereby  a 
cardiac  death  is  produced. 

We  come  then  to  the  important  question  of  the  influence  of  chloro- 
form in  producing  cardiac  arrest  through  irritation  of  the  vagus  nerves, 
the  reflex  starting  through  the  trigeminus  or  the  laryngeal  nerves. 
Although  it  is  impossible  to  arrest  the  heart  permanently  in  a  healthy 
person  by  increasing  vagal  activity,  this  influence,  in  a  case  of  myocar- 
dial disease,  or  when  the  heart  is  depressed  by  chloroform,  may  be  the 
last  straw  to  turn  the  balance. 

Chloroform  exercises  no  direct  effect  on  the  blood.  The  drug  is 
carried  by  the  corpuscles,  not  the  plasma,  except  to  a  very  slight  extent. 
Buckmaster  and  Gardner  (Proceedings  Royal  Society,  1906,  lxxviii., 
414;  1907,  lxxix.,  309;  1907,  lxxix.,  555,  566)  have  shown  that  the  con- 
centration of  chloroform  in  the  blood  for  anesthesia  is  14  to  27  milli- 
grams to  100  grams  of  blood,  and  that  40  milligrams  to  100  grams 
causes  death.  Tissot  (Revue  Scientifique,  vol.  v.,  and  Lancet,  1908, 
ii.,  1232),  on  the  other  hand,  places  the  lethal  dose  of  chloroform  at 
from  60  to  70  milligrams  per  100  grams  of  blood. 

The  effects  of  chloroform  or  of  any  other  anesthetic,  for  that  matter, 
do  not  depend  upon  the  quantity  placed  upon  the  inhaler  nor  the 
quantity  taken  into  the  lungs,  but  upon  the  amount  which  is  absorbed 
from  the  lungs  by  the  blood,  and  again  upon  the  amount  which  is 
absorbed  by  the  tissues  from  the  blood,  and  particularly  those  tissues 
of  the  nervous  system  which  are  closely  associated  with  vital  function. 
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Tissot  has  shown  that  when  chloroform  narcosis  is  developed  slowly, 
that  is,  in  from  ten  to  twelve  minutes,  anesthesia  is  effected  by  from  32 
to  38  milligrams  in  100  grams  of  blood.  In  more  rapid  narcosis  the 
amount  is  from  50  to  70  milligrams  in  100  grams,  and  in  medium  cases, 
taking  from  four  to  six  minutes  for  the  development  of  chloroform 
anesthesia,  42  to  46  milligrams  to  each  100  grams  are  present.  Tissot, 
however  much  his  results  as  to  exact  percentages  may  differ  from  some 
other  investigators,  as,  for  example,  Buckmaster  and  Gardner,  never- 
theless is  in  accord  with  them  to  the  effect  that  the  lethal  dose  of 
chloroform  in  the  blood  is  double  the  anesthetic  dose.  It  would  seem 
probable  that  the  accumulation  of  chloroform  in  the  tissues  depends  to 
a  certain  extent  upon  their  activity  and  the  activity  of  their  blood- 
supply.  Where  the  circulation  is  free  and  the  chloroform  is  deported 
from  the  tissues  almost  as  rapidly  as  it  is  imported,  the  danger  is  much 
less  than  if  the  circulation  is  impeded,  since,  under  these  circumstances, 
the  importation  is  more  rapid  than  the  deportation.  This  is  probably 
one  of  the  reasons  why  asphyxia,  which  always  results  in  venous  con- 
gestion, and  struggling  on  the  part  of  the  patient,  which  produces  a 
similar  effect,  is  so  prone  to  be  accompanied  by  chloroform  accident. 
It  would  also  seem  probable  that  the  longer  chloroform  is  administered, 
the  greater  the  quantity  accumulates  in  the  tissues.  This  is  manifest 
from  the  clinical  observation  that  patients  who  have  inhaled  chloroform 
during  a  long  operation  exhale  this  drug  on  the  breath  for  many  hours 
after  the  anesthetic  has  been  discontinued;  whereas  this  does  not  occur 
if  the  use  of  the  anesthetic  has  been  brief.  The  very  presence  of  chloro- 
form on  the  breath  one  or  two  days  after  the  operation  shows  that  it 
must  have  been  stored  in  the  tissues.  This  storage  of  chloroform  in 
the  tissues  also  explains  why  it  is  that  delayed  chloroform  poisoning 
develops  after  prolonged  operations  more  frequently  than  after  short 
ones.  All  these  facts  serve  to  emphasize  the  necessity  of  administering 
chloroform  slowly  and  deliberately.  (See  Untoward  Effects  of  Chloro- 
form, infra.) 

Chloroform  is  rapidly  eliminated  by  the  lungs,  and  if  given  freely, 
by  the  kidneys,  which  it  may  irritate,  but  not  sufficiently,  if  they  are 
healthy,  for  this  effect  to  be  given  serious  consideration.  (See  Effects 
of  Chloroform  during  its  Clinical  Use.) 

The  pupils  are  slightly  dilated  under  chloroform.  If  they  go  into 
wide  dilatation,  this  is  an  alarming  sign,  as  it  often  shows  relaxation  of 
the  sphincter  muscles,  which  is  associated  with  impending  death. 

The  Administration  of  Chloroform. — Chloroform  should  never  be 
used  as  a  surgical  anesthetic  unless  it  is  capable  of  responding  to  the 
following  tests:  Its  specific  gravity  at  17°  C.  should  be  1.491  to  1.500. 
Its  boiling-point,  60.16°  C.  (140.2°  F.).  It  must  be  perfectly  trans- 
parent and  without  color,  and  absolutely  neutral  to  test-paper.  Its 
vapor  should  not  be  irritating,  and  when  poured  over  the  hand  or  upon 
a  watch-glass  it  should  leave  no  odor  after  it  has  evaporated,  nor  any 
residue  in  the  glass.  If  shaken  with  strong  sulphuric  acid,  not  more 
than  the  faintest  trace  of  a  brown  discoloration  should  appear,  and  no 
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precipitate  should  be  formed  when  it  is  mixed  with  a  solution  of  silver 
nitrate.  Added  to  caustic  potash  and  heated  to  the  boiling-point,  a 
brown  color  should  not  appear. 

Chloroform  should  never  be  used  near  the  flame  of  a  gas-jet  or 
coal-oil  lamp,  since  under  these  circumstances  the  chloroform  vapor 
is  decomposed,  with  the  production  of  exceedingly  irritating  fumes, 
composed  principally  of  hydrochloric  acid  and  chlorin,  which  may  cause 
an  intense  irritation  in  the  respiratory  passages  of  the  surgeon,  the 
patient,  and  the  anesthetizer.  When  it  is  necessary  to  operate  under 
chloroform  and  in  the  presence  of  a  near  by  gas-flame,  the  irritant  fumes 
can,  to  a  certain  extent,  be  neutralized  by  hanging  in  the  room  towels 
wet  with  ammonia  water. 

When  chloroform  is  administered  by  inhalation  in  proper  quantities, 
the  respiratory  passages  are  not  irritated  by  its  vapor,  the  patient 
gradually  becomes  stupefied,  and  then  often,  with  great  rapidity, 
passes  from  the  condition  of  consciousness  to  one  of  unconsciousness, 
only  a  few  seconds  elapsing  between  one  state  and  the  development 
of  the  other.  Because  of  the  profound  dilatation  of  the  splanchnic 
vessels,  the  skin  is  usually  pallid  under  chloroform. 

In  the  administration  of  chloroform  it  is  of  vital  importance  that 
there  shall  be  a  free  supply  of  fresh  air,  not  alone  to  the  room  in  which 
the  drug  is  given,  but  the  air  must  have  free  access  to  the  patient's 
lungs.  One  of  the  reasons  why  the  percentage  of  deaths  from  chloro- 
form is  less  in  warm  countries,  as,  for  example,  in  India,  than  in  cold, 
is  that  the  operations  in  the  tropics  are  performed  practically  in  the 
open  air,  whereas  the  atmosphere  of  the  operating-room  in  the  tem- 
perate zone,  at  least  in  the  winter  months,  is  often  so  stifling  that  it 
oppresses  the  spectators,  although  the  attendants  and  the  surgeon  may 
not  notice  it  because  of  their  interest  in  the  operation. 

A  common  method  of  giving  chloroform  in  America  consists  in  drop- 
ping the  drug  on  a  folded  napkin,  which  is  then  held  over,  not  in  contact 
with,  the  patient's  nose  and  mouth,  the  patient's  head  being  as  low  as 
the  trunk.  Another  method,  better  than  this,  is  the  use  of  the  wire 
mask,  called  the  Esmarch  or  Schimmelbusch  Inhaler.  Over  this  mask 
is  stretched  a  single  thickness  of  thin  flannel,  and  upon  this  flannel 
the  chloroform  is  allowed  to  fall,  drop  by  drop,  no  attempt  being 
made  to  saturate  its  entire  surface.  It  has  been  shown  that  the 
texture  of  this  piece  of  flannel,  or  of  other  cloth,  greatly  influences  the 
dose  of  chloroform  actually  received  by  the  patient,  since  a  wide  mesh 
permits  the  rapid  diffusion  of  the  chloroform,  and  the  air  is  drawn  so 
readily  through  the  fabric  that  it  takes  with  it  a  large  amount  of  chloro- 
form vapor. 

For  many  years  English  surgeons  have  resorted  to  the  use  of  cumber- 
some and  complicated  apparatus  for  the  .administration  of  those  drugs 
which  are  employed  to  produce  anesthesia  by  inhalation.  It  is  always 
wise  to  use  the  simplest  apparatus  possible  in  the  performance  of  any 
mechanic  or  other  act  requiring  extraneous  aid,  and  this  rule  certainly 
applies  in  regard  to  the  administration  of  these  pain-relieving  agents. 
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The  ordinary  folded  napkin  or  towel,  or  the  exceedingly  simple  inhaler 
of  Esmarch,  is  without  doubt  the  best  thing  which  can  be  used  for  the 
administration  of  chloroform.  If,  however,  it  is  considered  desirable 
to  use  a  mechanic  inhaler,  the  instruments  of  Junker  or  Skinner  (Figs. 
488  and  484)  may  be  employed. 

There  are  three  cardinal  rules  in  the  use  of  chloroform  for  the 
production  of  anesthesia,  namely:  give  a  plentiful  supply  of  atmos- 
pheric air  and  only  enough  chloroform  to  put  the  patient  gently  to  sleep. 
If  the  respirations  become  stormy  or  their  rhythm  is  greatly  disturbed, 
the  drug  should  be  withdrawn  until  they  are  normal,  and,  lastly,  if 
the  patient  struggles,  no  chloroform  should  be  given  until  the  struggles 
cease.  The  free  use  of  the  drug  to  overcome  struggling  has  frequently 
caused  death,  because  the  heart  is  strained  and  depressed  by  the  muscu- 
lar efforts,  by  the  chloroform  and  the  C02  in  the  blood,  and  the  dose 
inhaled  is  unknown  and  beyond  control.  Hewitt,  Lawrie,  and  many 
others  very  properly  insist  that  when  chloroform  is  given,  its  dose 
should  be  so  nicely  adjusted  that  a  trace  of  the  corneal  reflex  is  retained. 


Fig.  483. — Junker's    Inhaler    for   Adminis- 
tering Chloroform. 
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Fig.  484.— Skinner's  Mask  for  Admin- 
istration of  Chloroform. 


The  skilful  anesthetist,  by  the  exercise  of  judgment,  can  vary  the 
quantity  of  the  anesthetic  according  to  the  needs  of  the  patient  at 
different  periods  during  the  operation.  At  times,  when  the  surgeon  is 
not  dealing  with  sensitive  tissues,  the  patients  may  be  kept  upon  the 
borderland  of  anesthesia.  A  few  moments  later  it  may  be  advan- 
tageous for  the  time  being  to  push  the  anesthetic  in  order  to  overcome 
necessarily  painful  procedures.  Thus,  it  is  well  known  that  when  the 
first  incision  is  made  into  the  abdominal  wall,  death  frequently  occurs. 
In  nephrectomy,  when  the  pedicle  is  being  pulled  down,  dangerous 
symptoms  sometimes  arise,  and  this  also  occurs  in  hysterectomy,  when 
the  greatest  traction  is  being  made  upon  the  organs.  There  is  some 
difference  of  opinion,  however,  in  regard  to  the  value  of  increasing  the 
effects  of  the  anesthetic  at  these  critical  moments.  While  many  sur- 
geons and  anesthetists  think  it  advisable,  no  less  an  authority  than 
Hewitt  believes  that  the  pushing  of  the  anesthetic  at  this  time  may 
add  the  shock  of  the  anesthetic  to  the  shock  of  the  operation,  and, 
therefore,  increase  the  danger  rather  than  diminish  it. 
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If  shock  is  already  present,  chloroform  is  a  more  dangerous  drug 
than  ether,  and  the  greater  the  shock,  the  lighter  should  be  the  anes- 
thesia developed  by  the  use  of  either  of  these  drugs.  There  can  be  no 
doubt  that  the  greater  amount  of  shock  occurring  during  the  adminis- 
tration of  an  anesthetic  occurs  in  abdominal,  thoracic,  and  cerebral 
operations,  and  also  those  upon  the  testicle  and  kidneys. 

Untoward  Effects  of  Accidents  Due  to  Chloroform.— The  most 
common  accident  under  chloroform  is  sudden  circulatory  failure.  This 
is  to  be  prevented,  in  cases  in  which  the  state  of  the  patient  before 
operation  leads  one  to  fear  trouble,  by  the  hypodermic  injection  of 
lit  grain  atropin,  which  has  been  proved  experimentally  and  clinically 
very  actively  to  prevent  sudden  circulatory  collapse,  chiefly  by  raising 
blood-pressure  in  the  splanchnic  vessels,  and  to  a  less  extent  by  dimin- 
ishing the  irritability  of  the  vagus.  Another  preventive  measure  is 
the  application,  to  the  limbs,  of  tightly  fitting  elastic  or  flannel  ban- 
dages, so  as  to  confine  the  circulation  largely  to  the  trunk.  Upon  the 
onset  of  definite  signs  of  circulatory  failure  the  patient  should  be 
inverted  by  having  the  legs  hang  over  the  surgeon's  shoulders  while 
the  head  rests  upon  the  floor.  An  assistant  should  give  3V  grain  atropin 
with  TV  grain  strychnin  hypodermically  into  the  pectoral  muscle,  be- 
cause absorption  is  quicker  from  a  muscle  than  from  the  subcutaneous 
tissues,  and  because  the  circulation  in  the  limbs  is  so  poor  that  absorp- 
tion will  not  occur  promptly  from  these  areas.  The  reflex  effect  of 
giving  the  injection  into  the  chest-wall  is  also  advantageous.  This 
advice,  at  least  so  far  as  the  use  of  strychnin  is  concerned,  is  given 
advisedly,  notwithstanding  the  statement  made  by  some  persons  that, 
as  the  vasomotor  center  is  paralyzed,  strychnin  can  do  no  good.  In 
the  first  place  it  is  not  paralyzed,  but  only  depressed,  and  this  being 
the  case,  strychnin  can  wake  it  up.  In  the  second  place,  excellent 
experimental  work  has  proved  that  strychnin  will  aid  resuscitation, 
and,  in  the  third  place,  that  most  excellent  physiologist,  Townsend 
Porter  (Amer.  Jour.  Physiol.,  December  2,  1907),  of  Harvard,  has  shown 
that  the  operative  procedure  does  not,  in  all  probability,  lower  pressure 
by  paralyzing  the  vasomotor  center  by  shock.  Strychnin  has  been 
greatly  abused  by  surgeons  in  operative  shock,  but  it  is  now  unreason- 
ably banished  from  the  operating-room  by  many  operators. 

The  inhalation  of  amyl  nitrite  in  this  state  is  based  upon  an  utterly 
erroneous  idea  of  its  effects.  It  still  further  increases  vascular  relaxa- 
tion and  decreases  the  motor  activities  engaged  in  respiration,  a  func- 
tion which  should  be  as  active  as  possible  to  help  eliminate  chloroform 
from  the  lungs.  There  can  be  no  doubt  that  active  artificial  respiration 
is,  for  this  reason,  advantageous,  and  it  possesses  the  additional  advan- 
tage that  the  application  of  pressure  by  the  hands  upon  the  thorax  aids 
directly  or  indirectly  in  relieving  the  engorged  cardiac  cavities.  If  the 
belly  is  open,  the  engorged  heart  may  be  started  again  by  unloading 
its  cavities  through  gently  manipulating  this  viscus  through  the  dia- 
phragm. 

As  soon  as  possible,  adrenalin  chlorid,  in  the  proportion  of  1  dram  of 
vol.  v — 65 
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the  1:  1000  solution  to  1  pint  of  hot  normal  saline,  should  be  given 
intravenously.  Under  these  circumstances  the  adrenalin  is  carried 
promptly  to  the  heart,  which  it  stimulates,  and  then  is  distributed  by 
the  blood-stream  to  the  arterioles,  which  it  contracts,  and  thereby  raises 
blood-pressure.  Crile  has  advised  its  use  intra-arteriaJly  against  the 
direction  of  the  blood-flow.  This  may  be  advantageous  if  arterial 
circulation  has  ceased  and  venous  stasis  is  absolute,  but  if  the  circulation 
has  not  ceased — and  it  has  not  in  most  humans  who  can  be  resuscitated 
— an  intra-arterial  injection  must  fail,  since  the  adrenalin-saline  solu- 
tion will  not  go  against  the  blood  unless  the  force  used  in  the  injecting 
is  very  great,  and  if  it  be  great,  the  work  of  the  heart  is  increased. 
Even  if  a  high  pressure  is  used,  the  drug  cannot  reach  the  heart  through 
an  artery  while  the  blood  is  still  flowing,  unless  a  great  cervical  vessel 
is  used.  Furthermore,  the  value  of  the  adrenalin  is  due  to  its  effects 
upon  the  muscular  fibers  of  the  arterioles,  as  it  does  not  act  upon  the 
vasomotor  center.  The  sooner  it  goes  to  the  arterioles,  therefore,  the 
better. 

The  intravenous  injection  of  normal  salt  solution  for  the  purpose 
of  directly  raising  blood-pressure  in  chloroform  collapse  is  futile,  because 
many  times  the  total  quantity  of  the  blood  can  be  injected  without 
raising  arterial  tension.  Indeed,  before  the  pressure  rises  the  patient 
is  drowned  by  extravasation  into  his  tissues.  Further,  the  injection 
of  a  great  bulk  of  saline  only  increases  the  labor  required  of  the  dis- 
tended and  enfeebled  heart. 

Another  useful  method  in  combating  shock  or  collapse  during  the 
administration  of  an  anesthetic  is  to  give,  by  the  rectum,  from  a  pint 
to  a  quart  of  hot  normal  saline  solution  or  an  equal  quantity  of  strong 
coffee.  Such  an  injection  does  good  not  only  by  its  absorption  and 
by  its  heat,  but  also  by  the  reflex  effect  which  it  produces  upon  the 
blood-vessels  of  the  abdominal  viscera. 

In  addition  to  applying  bandages  to  the  extremities  in  feeble  patients 
to  whom  chloroform  has  to  be  given,  it  is  often  wise  to  place  the  body 
in  the  Trendelenburg  position,  since  by  this  means  the  circulation  at 
the  base  of  the  brain  is  more  readily  maintained. 

Within  the  last  few  years  the  development  of  post-anesthetic 
chloroform  illness  and  death  has  received  wide  attention,  particularly 
careful  studies  having  been  made  by  Bevan  and  Favill  in  America, 
Guthrie  in  England,  and  a  number  of  others.  (See  Bibliography.)  It 
has  been  proved  to  be  a  state  closely  allied  symptomatically  and 
pathologically  to  diabetic  coma,  and  is  a  form  of  acidosis.  It  is  par- 
ticularly prone  to  develop  in  diabetics  and  in  persons  who  are  unduly 
fat,  or  those  suffering  from  prolonged  suppuration  or  other  debili- 
tating maladies. 

The  symptoms  of  so-called  delayed  chloroform  poisoning  appear  at 
various  intervals  after  the  patient  has  apparently  recovered  from  the 
shock  of  the  operation  and  the  use  of  the  anesthetic.  They  may 
begin  with  the  vomiting  of  foul,  watery-looking  fluid,  sometimes 
resembling  the  dregs  of  beef-tea.     The  vomiting  is  accompanied  by 
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extreme  restlessness  and  an  active  delirium,  which  often  changes  to 
a  state  of  apathy,  which,  in  turn,  more  or  less  speedily  deepens  into 
coma.  Jaundice  and  albuminuria  soon  develop,  but  death  may  not 
come  on  for  four  or  five  days,  or  even  longer  than  this.  Such  symptoms 
usually  do  not  develop  before  the  twelfth  or  later  than  the  forty-second 
hour  after  the  anesthetic  has  been  taken.  The  breath  of  these  patients 
often  has  the  odor  of  acetone,  and  diacetic  acid  and  acetone  are  found 
in  the  urine.  That  symptoms  of  acid  intoxication  are  not  so  rare  as 
some  persons  have  thought  is  shown  by  the  fact  that  J.  A.  Kelly,  in 
400  cases  collected  in  the  Children's  Hospital  of  Boston  and  the  Boston 
City  Hospital,  found  46  which  showed  signs  of  acid  intoxication,  and 
of  the  46,  6  died.  The  lesions  found  at  autopsy  in  these  cases  consist  in 
fatty  changes  in  the  liver  resembling  those  characteristic  of  acute 
yellow  atrophy,  fatty  changes  in  the  kidneys,  the  suprarenal  bodies, 
and  in  the  epithelium  lining  the  stomach. 

In  order  to  avoid  delayed  chloroform  poisoning  the  drug  should  not 
be  used  in  patients  suffering  from  diabetes,  prolonged  suppuration, 
and  hepatic  cirrhosis.  It  should  also  be  avoided  in  children  of  the  large, 
lymphatic  type.  Malnutrition  and  starvation,  which  are,  after  all, 
nearly  related  states,  also  predispose  to  the  development  of  chloroform 
poisoning,  and,  therefore,  when  chloroform  is  given,  there  can  be  no 
doubt  that  the  preliminary  diet  of  the  patient  should  be  carefully  regu- 
lated, since  much  can  be  accomplished  by  this  means  in  preventing 
acidosis.     (See  Preparation  of  the  Patient  for  Anesthesia.) 

ETHER, 
Physiologic  Action. — When  ether  is  locally  applied  to  a  mucous 
membrane,  it  acts  as  an  intense  irritant,  whether  it  be  in  the  form  of 
liquid  or  vapor.  When  inhaled  or  swallowed  it  is  eliminated  chiefly 
by  the  lungs,  and  in  small  part  by  the  kidneys.  It  escapes  from  the 
body  unchanged.  It  exercises  its  dominant  influence  upon  the  cere- 
brum. Primarily,  it  benumbs  sensation  by  depressing  the  perceptive 
centers  in  the  posterior  convolutions  of  the  brain;  secondarily,  it 
depresses  the  intellectual  centers,  and  finally  it  depresses  the  motor 
cortex.  Upon  the  spinal  cord  its  influence  is  exerted  upon  the  sensory 
tracts.  If  given  in  overdose,  it  acts  as  a  depressant  to  the  sensory 
portions,  and  then  to  the  motor  centers  of  the  medulla.  Neither  the 
motor  nor  sensory  nerves  are  affected  by  any  dose  which  is  ever 
employed  for  therapeutic  purposes.  When  taken  internally,  or  when 
inhaled  in  the  form  of  vapor,  ether  causes  a  rise  of  arterial  pressure  by 
stimulating  the  vasomotor  center  and  also  by  stimulating  the  heart. 
In  moderate  amounts  there  is  an  increase  in  pulse  force  and  in  pulse 
frequency,  because  of  its  stimulant  effect  upon  the  heart  muscle.  When 
large  doses  are  given,  ether  is,  however,  capable  of  acting  as  a  cardiac 
depressant.  Upon  the  blood  it  produces  no  direct  effect  so  far  as  our 
present  knowledge  extends.  If  given  in  poisonous  amounts,  it  causes 
death  by  failure  of  the  respiratory  center.  The  heart  is  also  depressed 
partly  from  the  drug  and  partly  from  the  accumulation  of  C02. 
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The  Administration  of  Ether. — When  ether  is  used  in  the  pres- 
ence of  naked  light  or  fire,  the  distance  between  the  two  must  always  be 
at  least  eight  feet.  It  should  also  be  recalled  that,  as  ether  vapor  is 
heavier  than  the  atmospheric  air,  it  falls  to  the  floor  and  is  present  there 
in  far  more  concentrated  form  than  the  anesthetizer  appreciates,  and, 
being  carried  by  draughts  to  a  fire  in  an  open  grate,' may  cause  an  ex- 
plosion, in  which  the  flame  may  leap  to  the  inhaler  and  perhaps  seriously 
burn  the  anesthetist  and  the  patient.  A  number  of  cases  of  this  char- 
acter have  been  reported,  and  Mr.  Shield  states  that  he  has  known  the 
breath  of  a  patient  under  ether  to  become  ignited  by  a  lamp  held  near 
by.  Instances  are  also  reported  in  which  the  use  of  a  cautery  in  the 
neighborhood  of  the  face  has  resulted  in  ignition  of  the  vapor. 

When  ether  is  given  by  inhalation,  the  fact  that  its  vapor  is  heavier 
than  the  atmospheric  air  must  never  be  forgotten,  since  it  passes  from 
the  inhaler  to  the  respiratory  passages  of  the  patient  in  far  more  con- 
centrated form  than  it  passes  to  the  face  of  the  anesthetizer,  whose 
nose  and  mouth  are  above  the  inhaler.  It  is  for  this  reason  that,  during 
the  first  few  moments  of  the  administration  of  this  drug,  patients  so 
often  manifest  restlessness  and  complain  of  a  sense  of  oppression,  and 
state  that  the  drug  is  being  pushed  too  rapidly.  During  the  first 
few  moments  of  the  administration  of  ether,  therefore,  the  inhaler 
should  be  brought  very  gradually  toward  the  face  in  such  a  way  that 
the  patient's  sensibilities  are  benumbed  before  concentrated  vapor 
is  actually  inhaled.  As  the  effects  of  the  drug  become  manifest  there 
is  often  some  quivering  of  the  eyelids  and  shallow  breathing,  alternated 
with  deep  inspirations;  the  face  becomes  flushed,  the  pupils  dilated,  the 
pulse  is  quickened,  and  occasionally  the  patient  holds  the  breath  for  a 
number  of  seconds;  indeed,  it  may  be  held  for  so  long  a  time  as  to  cause 
anxiety  on  the  part  of  a  novice.  It  is  during  this  stage  that  the  greatest 
consideration  should  be  shown  to  the  patient's  sensibilities,  and  an 
encouraging  word  will  often  be  of  material  aid  in  making  the  first  stage 
quiet  and  devoid  of  complication.  As  the  effect  of  the  drug  gradually 
increases  a  certain  amount  of  muscular  rigidity  often  develops,  and 
hallucinations  are  often  present,  so  that  the  patient  thinks  he  hears 
various  noises  which  in  reality  do  not  exist.  At  this  time  the  patient 
may  become  more  or  less  restless  and  even  violent,  and  if  the  second 
stage  is  delayed  in  its  full  development,  he  may  act  as  one  intoxicated 
by  alcohol — laughing,  swearing,  talking,  or  struggling.  It  is  in  alcoholic 
patients  that  these  manifestations  are  chiefly  met  with,  and  they  appear 
more  commonly  in  men  than  in  women.  It  is  a  noteworthy  fact  that 
women  of  the  better  classes  usually  take  ether  very  quietly  if  they  have 
confidence  in  the  anesthetizer  and  are  moderately  encouraged,  whereas 
women  of  the  lower  type  are  often  exceedingly  noisy,  struggling  violently. 
Owing  to  these  hallucinations,  no  anesthetic — and  this  is  especially  true 
of  ether — should  ever  be  given  by  the  surgeon  alone.  The  patient  may 
attack  the  surgeon  in  the  belief  that  he  is  an  enemy,  and  may  do  him 
serious  bodily  harm.  In  the  case  of  women,  this  precaution  is  especially 
needful,  lest  they  become  the  victims  of  a  fixed  hallucination  that  the 
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surgeon  has  attempted  to  assault  them,  and  even  bring  suit  against 
him. 

If  the  ether  is  pushed  in  moderate  quantity,  as  it  should  be,  the  state 
of  full  anesthesia  is  soon  developed.  Under  these  circumstances  there 
is  loss  of  the  reflex  action,  unconsciousness,  and  muscular  quiet,  volun- 
tary motion  being  almost  entirely  lost.  The  pulse  is  full  and  strong, 
and  usually  somewhat  quickened.  At  first  the  arterial  pressure  is 
raised,  but  if  the  etherization  is  continued  for  a  long  period,  is  eventually 
lowered.  As  ether  raises  blood-pressure  and  does  not  dilate  the  splanch- 
nic vessels,  the  skin  is  often  flushed  during  the  whole  time  that  the  drug 
is  skilfully  administered.  The  respirations  are  usually  a  little  deeper 
than  normal.  The  temperature  is  constant  if  the  anesthesia  is  brief, 
but  if  prolonged,  it  falls  rapidly,  a  drop  of  as  much  as  from  1  to  3  degrees 
often  taking  place.  In  those  instances,  however,  in  which  a  fall  of  3 
degrees  takes  place,  the  shock  of  the  operation  is  probably  the  chief  cause 
of  the  fall  in  body  heat.  Even  if  ether  is  given  skilfully,  there  is  often 
such  distinct  flushing  of  the  face  that  slight  cyanosis  may  be  present. 
If  the  respiratory  passages  become  choked  with  secretion,  and  if  the 
patient  is  deprived  of  an  adequate  quantity  of  atmospheric  air,  distinct 
cyanosis  often  appears,  but  it  usually  speedily  disappears  if  the  ether 
is  stopped  for  a  few  moments.  If  a  great  amount  of  mucous  accumu- 
lates in  the  air-passages,  the  head-down  posture  will  often  relieve,  or 
in  the  case  of  children,  they  may  be  held  up  by  the  heels  for  a  few 
moments.  The  mucus  may  escape  even  in  a  copious  stream.  Beyond 
this  stage  of  surgical  anesthesia  the  effects  of  ether  should  never  be 
pushed,  since  the  development  of  its  effects  to  a  further  degree  will  be 
followed  by  total  muscular  relaxation,  which  will  involve  the  diaphragm, 
and  so  seriously  impair  respiration,  the  drug  under  these  circumstances 
also  acting  as  a  depressant  rather  than  as  a  stimulant  to  the  respiratory 
center.  The  skin  becomes  cold  and  pallid,  the  pupils  dilated,  the  pulse 
fluttering,  and  a  cold  sweat  may  come  on. 

As  the  effects  of  ether,  when  used  for  the  production  of  surgical 
anesthesia,  pass  off,  the  patient  is  often  restless,  rarely  violent,  but 
sometimes  noisy,  and  often  lachrymose,  any  pain  which  is  present 
being  oftentimes  exaggerated,  self-control  being  impaired  by  the  drug. 
Vomiting  is  by  no  means  unusual.  It  is  nearly  always  present  if  ether 
has  been  given  too  freely.  The  vomitus  also  strongly  smells  of  ether, 
which  is  probably  due  to  some  of  this  drug  being  swallowed  in  the 
freely  secreted  saliva  and  mucus.  Dizziness  and  vertigo  may  also  be 
present.     (See  Care  of  Patient  During  and  After  Anesthesia.) 

Recognizing  the  fact  that  far  too  much  ether  was  administered  to 
the  vast  majority  of  patients,  Dr.  Allis,  of  Philadelphia,  many  years 
ago  invented  what  is  known  as  "Allis's  inhaler"  (Figs.  485  and  486), 
which  has  been  used  very  largely  in  this  country  because  it  provides 
the  patient  with  a  large  amount  of  atmospheric  air  at  the  same  time 
that  it  permits  the  anesthetist  to  administer  adequate  quantities  of 
ether  vapor,  with  the  result  that  the  old  ether  cone,  made  out  of  a 
towel  and  supported  with  felt  or  pasteboard  in  such  a  way  as  to  make 
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it  impervious  to  air,  has  almost  entirely  disappeared  from  use — to  such 
an  extent  that  the  modern  trained  nurse  does  not  know  how  to  make 
the  ether  cone  which  her  predecessor  so  dexterously  prepared  twenty 
years  ago. 

More  recently  the  so-called  drop  method  of  administering  ether  has 
come  into  vogue,  as  surgeons  and  others  have  recognized  more  and 
more  clearly  the  fact  that  most  of  the  evil  sequences  to  ether  anesthesia 
are  due  to  the  fact  that  the  patient  has  received  an  excessive  quantity 
of  ether  vapor.  Whenever  this  so-called  drop  method  has  been  used, 
a  remarkable  diminution  in  evidences  of  pulmonary  and  renal  irritation 
and  gastric  disorder  has  taken  place,  so  that  with  the  best  operators  the 
drop  method  of  using  ether  is  now  universally  employed,  with  the  result 
that  the  patient  is  no  longer  saturated  with  the  drug  and  no  longer 
exhales  ether  in  his  breath  for  several  days  after  the  operation.  It  is 
quite  true  that  this  method  may  involve  the  loss  of  a  greater  quantity 
of  ether  than  the  older  closed  method,  for  as  the  ether  is  dropped  upon 


Fig.  485.  Fig.  486. 

Fkjs.  485  and  486. — Allib'b  Ether  Inhaler.     (Fowler.') 

Showing  fenestrated  metallic  frame  with  a  muslin  roller  in  course  of  application,  and  the  inhaler 

complete  with  cover. 

a  folded  towel,  as  is  chloroform,  a  considerable  quantity  escapes  into 
the  surrounding  air.  On  the  other  hand,  when  it  is  remembered  that 
ether  vapor  is  heavier  than  the  atmosphere,  it  is  also  recalled  that  if  the 
napkin  upon  which  the  ether  is  dropped  is  held  immediately  above  the 
face  of  the  reclining  patient,  the  vapor  of  the  ether  passes  to  the  nose 
and  mouth  in  an  invisible  cloud  in  quite  as  great  a  concentration  as  is 
necessary,  and,  unless  the  ether  is  poured  on  the  napkin  very  lavishly, 
but  a  comparatively  small  quantity  is  lost.  Indeed,  it  is  probable  that, 
with  the  old  method,  in  which  the  ether  was  soused  upon  the  cone,  a 
greater  quantity  was  wasted  than  by  the  more  modern  plan.  When, 
however,  it  is  considered  desirable  to  use  some  mechanic  device  for  the 
administration  of  ether,  the  following  inhalers  may  be  resorted  to. 

In  using  Clover's  ether  inhaler  (Fig.  487)  the  following  rules  must  be 
adhered  to.  Place  the  indicator  at  "  1 "  or  "2"  for  the  escape  of  air. 
Then  pour  in  H  ounces  of  ether,  put  the  plug  in  place,  and  set  the  indi- 
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cator  at  zero.  The  bag  is  then  attached,  and  the  patient  directed  to 
breathe  through  the  mouth.  While  he  is  doing  this  the  inhaler  is  applied 
to  the  face,  using  a  little  more  pressure  during  expiration  than  during  in- 
spiration, in  order  that  the  bag  may  become  inflated  with  the  expired  air. 


Fig.  487. — Clover'b  Ether  Inhaler. 

This  condition  is  maintained  for  about  thirty  seconds,  a  period  which  is 
utilized  by  the  anesthetizer  to  determine  that  the  bag  inflates  and 
deflates  rapidly.  The  indicator  is  now  gradually  rotated,  so  that,  by 
the  expiration  of  the  first  minute, 
it  points  to  "  1, "  after  the  second 
minute  to  "2, "  and  after  the 
third,  to  "3."  The  indicator 
should  not  be  moved  suddenly, 
but  very  gradually.  Uncon- 
sciousness usually  conies  on  in 
from  one  to  two  minutes,  and  as 
it  develops  the  ether  may  be  ad- 
mitted more  and  more  freely. 
If  the  patient  holds  the  breath  or 
coughs,  it  is  a  sign  that  the  vapor 
is  being  given  in  too  concentrated 
a  form,  and  the  indicator  must 
be  adjusted  so  as  to  diminish 
it.  If  the  patient  struggles  or 
excitement  is  manifested,  the 
indicator  should  be  moved  so 
that  the  ether  will  be  given  in 
more    concentrated    vapor.       If 

the  weather  is  cold  or  the  patient  is  a  powerfully  built  man  or  an  alcoholic, 
it  is  usually  wise  to  dip  the  ether  reservoir  in  warm  water  for  a  few 


Fig.  488. — Hewitt's  Wide-bore  Inhaler. 
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moments  before  it  is  used,  in  order  to  aid  in  the  rapid  vaporization 
of  the  drug.  If  the  breathing  becomes  stertorous,  one  or  two  breaths 
of  fresh  air  may  be  allowed  by  lifting  the  face-piece,  and  when  the 
stertor  ceases,  it  may  be  again  applied  closely,  but,  as  a  rule,  the  patient 
does  best  if  a  considerable  quantity  of  air  is  admitted,  as  by  this  means 
too  deep  an  anesthesia  is  avoided.  Hewitt  advises,  for  the  first  four 
or  five  minutes,  one  inspiration  of  fresh  air,  after  from  ten  to  twelve 
breaths,  and  if  the  drug  is  continued  for  more  than  a  half-hour,  that  one 
inspiration  of  fresh  air  be  allowed  every  four  or  five  breaths.  If  cyanosis 
becomes  marked  or  respiration  labored,  still  more  air  is  required. 
Hewitt  also  points  out  that  what  might  be  called  the  toxemic  factor 
is  almost  as  powerful  as  the  ether  factor  in  this  system  of  ether  anesthe- 
tization, and  this  is,  as  we  have  already  pointed  out,  the  chief  objection 
to  the  use  of  this  method;  the  patient  ought  to  be  slowly  anesthetized 
by  ether,  and  not  by  ether  and  carbonic  oxid.  After  the  anesthesia  has 
been  continued  for  fifteen  minutes  to  half  an  hour,  the  indicator  is 
placed  at  "2, "  or  even  at  "  1£,"  which  wrill  provide  enough  of  the  drug 


Fig.  489. — Ormsby's  Inhaler.     (Fowler.) 
A,  Rubber  bag ;  B,  sponge  ;  C,  adjustable  cap  for  regulating  the  admission  of  air ;  D,  tube 
for  conducting  air  above  the  sponge  ;  E,  metal  face-piece  with  wire  cage  for  sponge  ;  F,  inflatable 
cushion  for  face-piece. 

to  maintain  anesthesia.  The  more  powerful  the  patient,  the  less  air 
will  be  needed.  On  the  other  hand,  if  the  patient  is  a  child  or  a  feeble 
adult,  more  air  will  be  required. 

If  ether  is  given  by  Braine's  modification  of  the  Ormsby  inhaler 
(Fig.  489),  a  sponge  with  wide  meshes  and  sufficiently  large  practi- 
cally to  fill  the  cage  is  placed  in  this  container,  and  a  small  quan- 
tity of  ether  is  poured  upon  it.  The  air-slot  is  left  open,  and  then  the 
mask  applied  to  the  face — not  too  closely,  the  patient  being  instructed 
to  breathe  freely.  The  air-slot  is  then  gradually  closed,  and  the  patient 
now  receives  practically  only  ether  vapor  and  the  expired  air  which 
has  inflated  the  bag.  If  more  ether  is  required,  about  i  ounce  is  again 
poured  upon  the  sponge. 

Another  method  is  to  place  a  dry  sponge  in  the  cage  after  pouring 
ether  into  the  bag.  The  face  mask  is  lightly  applied,  and  the  ether 
in  the  bag  is  shaken  so  as  to  distribute  it  over  its  surface.  Then,  as  the 
patient  gradually  passes  under  the  anesthetic,  the  bag  is  tipped  until 
the  ether  runs  out  and  wets  the  sponge.  After  this,  if  more  ether  is 
required,  it  may  be  poured  directly  on  the  sponge. 
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About  fifteen  years  ago  the  administration  of  oxygen  gas  mixed 
with  chloroform  or  ether  vapor,  and  even  with  nitrous  oxid,  became 
exceedingly  popular  with  surgeons,  it  being  claimed  that  by  its  use 
many  of  the  disagreeable  symptoms  produced  by  the  administration  of 
any  of  these  anesthetics  could  be  avoided.  Cyanosis  was  thought  to 
develop  with  less  frequency,  and  vomiting,  both  during  and  after  the 
operation,  was  said  to  be  diminished  in  frequency  and  severity.  Long 
experience,  however,  has  resulted  in  the  opinion  that  the  use  of  oxygen 
with  anesthetics  is  not  so  valuable  as  it  was  once  thought  to  be.  Its 
fall  from  its  high  estate  in  the  minds  of  surgeons  has  probably  been  due, 
in  large  part,  to  its  faulty  administration.  There  can  be  no  objection 
to  its  employment  if  it  is  used  properly,  since  it  is  incapable  of  doing 
harm  and  it  may  do  good.  To  administer  the  oxygen  with  the  vapor 
of  the  anesthetic  by  causing  the  gas  to  bubble  through  the  liquid 
anesthetic  contained  in  a  wash-bottle  is  a  distinctly  faulty  method. 
In  the  first  place,  there  is  a  possibility  of  the  oxygen  gas  causing  a 
chemic  change  in  the  ether  or  the  chloroform,  and,  in  the  second  place, 
it  is  impossible,  under  these  circumstances,  to  increase  the  oxygen 
without  increasing  the  quantity  of  the  anesthetic,  or  to  increase  the 
anesthetic  without  increasing  the  quantity  of  the  oxygen.  It  is  a  well- 
known  fact  to  physiologists  that,  if  artificial  respiration  is  performed 
with  great  activity,  a  condition  of  apnea  develops  by  reason  of  the 
fact  that  the  respiratory  center  no  longer  sends  out  impulses.  When, 
therefore,  the  patient  breathes  almost  pure  oxygen  gas  and  anesthetic 
vapor,  a  condition  of  apnea  is  soon  developed,  and,  as  the  activity  of 
the  respiratory  center  diminishes,  smaller  quantities  of  the  anesthetic 
are  inhaled,  with  the  result  that  the  patient  passes  under  the  anesthetic 
very  slowly,  if  at  all.  The  more  gas  is  given  the  less  anesthetic  is 
taken,  because  of  the  shallow  respirations;  whereas,  if  the  supply  of 
gas  is  cut  down  and  it  does  not  bubble  so  freely  through  the  anesthetic, 
less  of  the  anesthetic  passes  to  the  respiratory  passages  of  the  patient, 
and  so  anesthesia  is  slowly  produced,  if  at  all.  The  proper  method  to 
be  employed  in  the  use  of  oxygen  with  an  anesthetic  is  to  keep  the  gas 
and  the  vapor  separate  until  the  moment  of  inspiration,  carrying  the 
nozzle  on  the  end  of  the  rubber  tube  leading  from  the  oxygen  tank 
under  the  edge  of  the  inhaler  in  such  a  way  that  the  gas  is  delivered  at 
the  corner  of  the  mouth  or  by  the  nostrils.  The  anesthetic  can  then  be 
given  by  any  means  the  surgeon  approves,  and  the  anesthetizer  has 
complete  control  of  both  factors.  He  can  diminish  one  and  increase 
the  other,  as  may  be  required,  giving  pure  oxygen,  oxygen  mixed  with 
air  with  no  anesthetic,  or  the  anesthetic  without  oxygen,  as  he  chooses. 

The  use  of  oxygen  and  one  of  the  anesthetic  vapors  by  means  of  one 
of  the  inclosed  inhalers,  whereby  air  is  largely,  if  not  altogether,  excluded, 
is  particularly  disadvantageous.  As  human  beings  are  meant  to  breathe 
atmospheric  air  and  not  oxygen  alone,  it  is  much  better  that  they  should 
have  an  adequate  supply  of  air  than  that  they  should  be  forced  to  live 
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on  oxygen,  although  it  is  conceivable  that  advantages  may  accrue  by 
the  administration  of  additional  oxygen  over  and  above  that  contained 
in  the  atmosphere. 

That  form  of  closed  inhaler  fitted  with  valves  and  with  a  large 
rubber  bladder  which  the  patient  inflates  or  deflates  in  each  respiratory 
cycle  is  to  be  strongly  condemned.  It  would  be  hard  to  devise  an 
apparatus  open  to  greater  objections.  By  its  use  the  patient  repeatedly 
breathes  anesthetic  vapor  and  C02,  which  has  been  exhaled  from  his 
lungs,  with  all  the  other  products  of  expiration.  Into  this  bag  are  also 
driven,  by  coughing  and  stormy  breathing,  particles  of  saliva  containing 
septic  organisms,  which,  on  being  drawn  into  the  chest  on  inspiration, 
pass  nature's  barriers  and  gain  access  to  the  deeper  portions  of  the  lungs. 

NITROUS  oxnx 

Physiologic  Action. — Nitrous  oxid  produces  anesthesia  by  its  direct 
physiologic  effects  and  not  by  causing  asphyxia,  although  at  one  time 
its  ability  to  relieve  pain  was  supposed  to  be  due  to  such  an  influence. 
It  does,  however,  produce  asphyxia  when  it  is  taken  without  being 
mixed  wtih  oxygen  or  atmospheric  air.  When  inhaled,  the  gas  is 
dissolved  in  the  blood,  but  does  not  form  a  new  chemic  compound  with 
the  hemoglobin,  neither  is  it  decomposed  in  the  body.  If  its  adminis- 
tration is  continued  for  a  long  period  of  time  and  no  air  is  allowed  to 
reach  the  patient's  lungs,  death  takes  place  partly  from  its  direct 
depressant  effect  on  the  respiratory  center,  but  chiefly  because  of  lack 
of  oxygen.  When  inhaled  for  medicinal  purposes,  it  causes  a  rise  in 
blood-pressure  and  a  slowing  of  the  pulse,  which  effects  are  chiefly  due 
to  the  asphyxia.  The  heart  is  not  affected  to  any  extent  by  the  direct 
action  of  the  drug,  but  the  function  of  this  viscus  may  be  impaired  if 
the  gas  is  continued  for  a  long  period  of  time,  because  of  the  lack  of 
oxygen.  The  hemoglobin  of  the  blood  is  not  changed,  save  that  the 
amount  of  reduced  hemoglobin  always  present  in  asphyxia  is  increased. 
As  the  drug  does  not  possess  any  irritant  properties,  and  as  its  influence 
upon  the  lungs  and  heart  is  so  slight  as  to  be  of  little  importance,  it  is 
an  exceedingly  useful  anesthetic  in  many  conditions  when  ether  and 
chloroform  cannot  be  employed.  If  freely  given,  it  causes  complete 
muscular  relaxation,  but  in  the  early  stages  of  its  inhalation  it  often 
produces  muscular  rigidity. 

Nitrous  Oxid  Anesthetic  Apparatus.— The  use  of  nitrous 
oxid  as  a  general  anesthetic  has  been  much  simplified  since  the  gas  in 
liquefied  form  was  made  a  commercial  product  and  sold  in  steel  bottles 
or  cylinders,  which  can  be  safely  transported  any  distance.  The  best 
of  these  cylinders  are  made  of  seamless  steel,  in  three  standard  sizes, 
holding  respectively  100,  250,  and  450  gallons  of  nitrous  oxid.  They 
are  equipped  with  a  screw  valve  whose  coned  end  works  in  a  vulcanite 
seat  in  the  neck  of  the  cylinder.  The  valve  is  operated  by  a  removable 
wheel-key,  and  protected  by  a  screw-cap  when  not  in  use  (Fig.  490). 

One  of  the  most  convenient  apparatus  for  the  exhibition  of  nitrous 
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oxid  with  these  cylinders  is  the  Universal  Gas  Stand,  made  by  the 
S.  S.  White  Dental  Mfg.  Co.  (Fig.  491).  It  is  simply  a  substantial 
cast-iron  base,  mounted  on  castors,  with  coned  socket  for  the  cylinder 
and  carrying  an  upright  to  support  the  yoke  connection,  gas-bag,  and 
inhaler.  It  occupies  a  floor  space  of  12  x  13  inches,  and  is  made  for  one 
or  two  cylinders,  of  which  it  will  take  any  of  the  standard  sizes.  The 
yoke  connection  holds  the  cylinder  firmly  in  its  seat  and  secures  a  metal 
tube  to  the  opening  of  the  cylinder  valve,  through  which  the  gas  flows 
to  the  gas-bag  by  means  of 
rubber  hose.  The  gas-bag 
helps  to  regulate  the  pressure 
and  to  prevent  waste  of  gas. 
It  is  gas-tight,  and  holds 
enough  gas  for  the  usual  ad- 
ministration. 

The  inhaler  is  connected  to 
the  gas-bag  by  silk-covered 
rubber  hose  of  ample  capacity. 
The  inlet  for  the  gas  is  an 
opening  in  the  main  body  of 
the  inhaler  over  the  stem,  to 
which  the  hose  is  attached.  A 
sliding  internal  tube,  which 
projects  at  the  rear,  has  a 
similar  opening  which  is  nor- 
mally held  away  from  that  in 
the  main  body  by  a  coiled 
spring.  Pressure  on  the  cap 
of  the  tube  brings  the  two 
openings  into  juxtaposition 
and  the  gas  flows.  The  sliding 
tube  is  perforated  around  its 
circumference,  where  it  pro- 
jects, just  inside  of  the  cap. 
These  perforations  admit  air, 
which  the  patient  breathes  at 
the  beginning  of  the  adminis- 
tration, the  gas  being  then 
admitted  by  pressing  the  cap. 
Removing  the  pressure  shuts 
off  the  gas. 

The  face-piece  of  the  inhaler  is  made  of  transparent  celluloid,  per- 
mitting a  clear  view  of  the  patient's  lips,  with  an  inflatable  rubber  hood 
to  secure  close  adaptation  to  the  face.  The  inhaling  and  exhaling 
valves  are  thin  mica  discs  lying  loose  in  open  metal  cages,  so  arranged 
that  in  respiring  the  former  is  opened  and  the  latter  closed,  the  reverse 
action  occurring  in  expiration.  It  is  impossible,  with  this  inhaler, 
for  the  patient  to  rebreathe  the  expired  gas,  which  is  automatically 


Fig.  490. — Nitrouh  Oxid  and  Oxygkx  apparatus, 
Non-Ahphyxial,  Method. 

For   two   cylinders,   one   each   of   nitrous  oxid   and 
oxygen. 
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gotten  rid  of.     The  entire  operation  of  the  inhaling  apparatus,  in  fact, 
is  automatic,  except  the  opening  of  the  inlet. 

During  the  past  few  years  the  non-asphyxial  method  of  inducing 
nitrous  oxid  anesthesia,  as  proposed  by  Dr.  Frederick  Hewitt,  has 
been  gaining  ground.  This  method  consists  in  supplying  a  proportion 
of  pure  oxygen,  usually  less  than  10  per  cent.,  with  the  nitrous  oxid. 
The  effect  is  the  elimination  of  the  asphyxial  symptoms  of  the  anesthesia, 
the  patient  having  much  the  appearance  of  one  sleeping  normally. 
This  method  requires  a  little  longer  time  to  produce  the  full  anesthetic 
effect,  but  the  impress  is  also  somewhat  more  lasting.  Another  advan- 
tage is  that  the  anesthetic  state  is  readily  prolonged  almost  indefinitely. 

A  very  effective  apparatus  for  this  method,  in  its  main  features 
much  like  that  just  described,  but  with  the  necessary  modifications, 
is  now  on  the  market.  The  base  carries  two  cylinders,  one  of  nitrous 
oxid,  the  other  of  oxygen,  and  a  substantial  standard,  to  the  top  of 


Fia.  491. — Inhaler  No.  4  with  Celluloid  Face-piece. 

which  is  attached  a  hollow  double  yoke  supporting  the  gas-bags  at  its 
ends,  and  a  mixing  chamber  at  its  center.  (The  bag  and  the  cylinder 
for  oxygen  are  red,  those  for  nitrous  oxid,  black.)  Rising  from  the 
standard  is  a  metal  support  for  the  inhaler  and  tubing.  The  apparatus 
has  also  the  necessary  keys  and  valves  for  controlling  the  supply  of  the 
gases.  That  for  the  admission  of  oxygen  to  the  mixing  chamber  is 
equipped  with  a  gag-plate  to  govern  the  percentage  of  oxygen  supplied. 
With  this  apparatus  either  gas  can  be  administered  separately  or  both 
together. 

When  the  gas  is  to  be  given,  the  patient  should  lie  on  one  side  or 
in  the  dorsal  position,  and  care  should  be  taken  that  the  head  is  in  the 
same  axis  as  the  vertebral  column  and  not  greatly  flexed  or  greatly 
extended.  It  is  often  advisable  to  place  between  the  teeth  a  small 
wooden  plug  to  keep  the  jaws  apart,  and  this  is  essential  if  there  is 
reason  to  believe  that  the  nasal  passages  are  obstructed  or  if  the  opera- 
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tion  is  upon  the  mouth.  To  this  wooden  plug  should  be  attached  a 
string,  so  that  when  the  jaw  relaxes  and  the  plug  is  set  free,  it  cannot  be 
drawn  into  the  respiratory  passages,  or  if  this  accident  does  occur,  it  can 
be  readily  withdrawn  by  traction  on  the  string.  After  the  mask  is 
applied  the  anesthetizer  should  observe  whether  the  valves  move 
freely  with  inspiration  and  expiration.  This  observation  is  important 
not  only  because  it  shows  that  the  apparatus  is  in  working  order,  but 
also  because  it  indicates  that  the  face-piece  fits  well  enough  to  prevent 
inspiration  and  expiration,  taking  place  at  the  sides. 

Usually  it  is  best  at  the  beginning  to  give  no  oxygen,  or  a  very 
small  percentage  of  it,  since  if  more  than  10  per  cent,  is  used,  a  con- 
dition of  excitation  is  prone  to  develop.  The  supply  of  both  gases  is 
regulated  by  means  of  the  keys,  and  the  skilful  administrator  con- 
stantly adjusts  these  keys  to  the  needs  of  the  patient,  governing  his 
movements  by  the  resistance  of  the  patient  to  the  anesthetic  and  by  a 
general  consideration  of  the  type  of  the  case  which  is  to  be  anesthetized. 
If  any  tendency  to  excitement  develops,  the  oxygen  should  be  cut  off 
and  the  nitrous  oxid  pushed.  In  surgical  operations  which  are  pro- 
longed over  some  minutes  fresh  oxygen  should  be  allowed  to  escape 
into  the  bag  every  few  seconds,  and  the  need  for  the  oxygen  increases 
with  the  length  of  time  that  the  nitrous  oxid  is  given.  As  a  rule,  the 
anesthesia  develops  in  about  one  or  two  minutes  after  the  face-piece 
has  been  applied  and  the  gas  turned  on. 

Although  nitrous  oxid  is  the  safest  of  all  the  anesthetics,  it  in  one 
sense  requires  more  skill  in  its  administration  than  any  of  the  others, 
because  it  is  essential,  on  the  one  hand,  that  excitement  be  avoided, 
and,  on  the  other,  that  too  deep  an  anesthesia  be  not  produced.  In 
feeble  patients  and  in  children  it  often  is  wise  to  give  oxygen  from  the 
beginning  to  the  end  of  the  administration  of  the  nitrous  oxid,  whereas 
in  powerful  men  it  is  often  advisable  that  no  oxygen  be  given,  at  least 
for  the  first  few  minutes  of  the  anesthesia.  Occasionally,  if  the  opera- 
tion is  a  long  one,  some  fresh  air  is  also  allowed  to  enter  by  the  side  of  the 
mask.  If  the  breathing  becomes  obstructed  and  stertorous,  the  jaw 
should  be  pressed  forward,  as  it  is  when  this  symptom  develops  under 
ether,  that  oxygen  should  be  freely  given.  Hewitt  states,  however, 
that  he  has  administered  nitrous  oxid  for  a  period  of  thirty -five  minutes 
without  allowing  even  one  breath  of  air. 

As  soon  as  surgical  anesthesia  is  produced  by  nitrous  oxid,  the  respira- 
tions which,  in  the  early  stage,  have  usually  been  deep  and  hurried, 
become  remarkably  quiet  and  entirely  regular,  and  this  is  particularly 
so  if  some  oxygen  is  allowed  the  patient.  An  advantage  in  adminis- 
tering oxygen  with  nitrous  oxid  is  that  its  use  diminishes,  or  puts  aside, 
cyanosis  and  turgescence  of  the  face  and  neck,  which  is  an  important 
factor  when  the  patient  has  large  adenoids  and  tonsils,  or  suffers  from 
hypertrophy  or  hyperemia  of  the  mucous  membrane  covering  the 
turbinated  bodies. 

The  following  signs  are  indicative  of  the  fact  that  surgical  anesthesia 
has  been  produced  by  nitrous  oxid;  quiet  breathing  with  loss  of  con- 
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junctival  reflex,  fixation,  or  slight  oscillation  of  the  eyeball  and  flaccidity 
of  the  arms.  Rarely,  however,  fixation  of  the  muscular  system  is 
present  instead  of  relaxation,  particularly  if  the  patient  be  an  alcoholic. 

While  there  can  be  no  doubt  that  the  time  required  for  the  production 
of  anesthesia  when  pure  nitrous  oxid  is  used  is  less  than  it  is  when  some 
oxygen  is  given,  the  delay  caused  by  oxygen  is  so  slight  that  it  need 
not  be  considered  in  most  cases,  the  delay  rarely  being  greater  than 
two  or  three  minutes. 

Nitrous  oxid  is  to  be  avoided  if  there  is  marked  atheroma,  particu- 
larly if  there  is  also  high  arterial  tension  already  present,  because  it 
causes  a  very  sharp  and  marked  rise  of  arterial  pressure,  and  so  may 
cause  a  cerebral  apoplexy.  So,  too,  the  presence  of  a  high  arterial 
tension  with  a  feeble  first  sound  of  the  heart  indicating  that  this  organ 
is  weakened  or  tired  should  make  us  careful  in  its  use,  lest  the  increased 
labor  thrown  on  the  heart  by  the  rise  in  blood-pressure  cause  a  cardiac 
breakdown.  (See  Preparation  of  the  Patient  for  Surgical  Anesthesia.) 
Cardiac  dilatation,  with  or  without  a  valvular  lesion,  is  a  contraindication 
to  its  use,  as  is  also  aortic  regurgitation.  When  general  muscular 
relaxation  is  essential,  nitrous  oxid  cannot  be  relied  upon.  Conversely, 
there  are  a  number  of  states  in  which  nitrous  oxid  gas  is  distinctly  the 
anesthetic  to  be  employed  in  preference  to  ether  or  chloroform.  In 
all  brief  operations  it  is  generally  the  best  anesthetic  because  it  speedily 
produces  anesthesia,  and  usually  permits  the  patient  to  go  his  way 
with  no  after-effects.  For  the  induction  of  general  anesthesia  prior 
to  the  use  of  ether  and  chloroform  it  is  very  advantageous  in  many 
instances  (see  Combined  Anesthesia). 

THE  ADMINISTRATION  OF  ETHYL  CHLORID. 

The  administration  of  ethyl  chlorid  cannot  be  satisfactorily  per- 
formed by  means  of  an  open  inhaler,  such  as  that  of  Esmarch,  since, 
even  if  large  quantities  of  the  drug  are  used,  anesthesia  develops  too 
slowly,  and  not  infrequently  a  condition  of  excitement  is  caused  which 
renders  the  patient  difficult  to  control.  In  other  words,  ethyl  chlorid 
is  one  of  the  anesthetics  which  is  best  given  by  means  of  a  closed  inhaler. 
Probably  the  best  form  is  Luke's  ethyl  chlorid  inhaler  (Fig.  492)  or 
Hewitt's  modification  of  Clover's  inhaler.  This  consists  of  a  face- 
piece  and  bag,  the  latter  being  fitted,  at  the  extremity  furthest  from  the 
inhaler,  with  a  small  stop-cock,  which,  in  turn,  is  introduced  into  a 
glass  tube,  which  is  provided  with  a  vulcanite  collar.  The  glass  tube, 
which  has  a  capacity  of  about  10  cc,  is  then  charged  with  from  2  to 
5  cc.  of  ethyl  chlorid,  and  attached  to  the  bag,  the  stop-cock  being 
closed.  A  pair  of  jaw  forceps  are  introduced  between  the  teeth,  so 
as  to  keep  the  jaws  slightly  apart.  The  face-piece  is  then  applied 
closely  to  the  face  in  such  a  way  that  the  patient  inflates  the  rubber 
bag  with  his  expired  air.  At  this  moment  the  stop-cock  is  turned, 
and  the  glass  tube  is  tilted  so  that  its  contents  enter  the  bag.  Where 
such  an  apparatus  is  not  at  hand,  Clover's  ether  inhaler  may  be  em- 
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ployed.  (See  Article  on  Ether.)  In  other  instances  a  metal  or  glass 
funnel  may  be  inverted  over  the  patient's  face,  the  hands  of  the  an- 
esthetizer  being  placed  on  each  side  to  make  it  as  nearly  air-tight  as 
possible  at  the  edges.  Before  the  funnel  is  used,  a  small  piece  of  gauze 
or  absorbent  cotton  is  placed  in  it,  and  upon  this,  through  the  small 
end  of  the  funnel,  is  sprayed  the  ethyl  chlorid  from  the  tubes  in  which 
the  drug  is  sold. 

The  quantity  of  ethyl  chlorid  which  is  necessary  to  produce  anes- 
thesia depends,  to  a  great  extent,  upon  the  characteristics  of  the  patient, 
upon  the  amount  of  air  which  the  patient  inhales  simultaneously,  and 
upon  the  method  by  which  the  drug  is  given.  If  the  inhaler  with  a 
bag  is  used,  usually  from  1  to  2  cc.  are  sufficient  to  produce  anesthesia 
in  children,  and  3  to  4  cc.  will  anesthetize 
most  adults,  but  4  to  5  cc.  may  be  required 
for  very  strong  men  and  alcoholics.  In  the 
latter  class,  however,  the  drug  is  not  safe. 
When  given  by  this  closed  method,  anesthesia 
is  produced  in  a  few  seconds,  and  usually  with- 
out any  discomfort,  but  if  the  vapor  is  pushed 
too  freely  in  the  first  few  inhalations,  some 
holding  of  the  breath  may  come  on,  and  mus- 
cular rigidity  is  not  infrequently  met  with, 
even  if  the  drug  is  not  given  too  freely.  In 
powerful  men  a  stage  of  excitement  may  de- 
velop even  if  the  closed  inhaler  is  used.  Gen- 
erally, the  respirations  immediately  become 
full  and  more  rapid,  but  remain  regular.  The 
face  becomes  flushed,  the  eyes  fixed,  the  con- 
junctiva becomes  insensitive,  and  the  pupils 
dilate.  If  the  respirations  become  markedly 
stertorous,  the  administration  of  the  drug 
should  be  stopped  or  a  little  air  allowed. 
McCardie  states  that  occasionally  muscular 
rigidity  may  become  so  marked  that  the  jaws 
become  fixed,  and  opisthotonos  may  develop. 
The  pulse  is  usually  slow  and  the  blood-pres- 
sure falls.  As  with  amyl  nitrite,  so  with 
ethyl  chlorid,  the  effects  of  the  drug  are  often 
more  marked  after  it  is  removed  than  while 
it    is    actually   being   inhaled;    an    important 


Fig.    492. — Luke'b    Ethyl 
Chlorid  Inhaler. 


point  to  be  remembered  in  its  administration.  This  phenomenon  is 
probably  dependent  upon  the  fact  that  the  drug  continues  to  be  absorbed 
from  the  pulmonary  alveoli,  even  though  the  inhaler  may  have  been 
removed  from  the  nose  and  mouth. 

Although  there  can  be  no  doubt  that  ethyl  chlorid  is  a  very  satis- 
factory anesthetic  because  of  its  agreeable  character  and  of  the  rapidity 
with  which  it  produces  anesthesia,  there  can  be  also  no  doubt  that  it  is 
as  dangerous  as  chloroform,  if  not  more  so.     Statistics  would  seem  to 
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prove  that  its  mortality  rate  is  from  1  in  2000  to  1  in  3000.  In  5575 
cases  reported  by  Lee,  to  which  ethyl  chlorid  was  given  in  the  Penn- 
sylvania Hospital,  there  were  5  deaths — a  mortality  of  about  1  in 
1000. 

The  use  of  ethyl  chlorid  prior  to  the  administration  of  chloroform 
is  thought  by  those  who  have  used  it  most  to  be  inadvisable,  since  the 
rapid  transition  from  a  drug  which  markedly  stimulates  respiration  and 
probably  lowers  blood-pressure,  to  another  which  markedly  depresses 
the  respiration  and  the  circulation  as  well,  may  be  dangerous.  These 
views  are  in  accord  with  those  of  McCardie  and  of  Knight. 

The  accidents  which  have  occurred  from  ethyl  chlorid  have,  many 
of  them,  developed  with  startling  suddenness. 

The  chief  indication  for  the  use  of  ethyl  chlorid  would  seem  to  be 
for  minor  operations  in  children,  to  whom  it  is  best  given  by  placing  a 
piece  of  lint  in  the  palm  of  the  hand,  which  is  then  held  in  a  cup-like 
form  over  the  mouth  and  nose;  the  ethyl  chlorid  is  then  sprayed  on  this 
lint,  with  the  result  that  anesthesia  is  rapidly  produced,  and  there  is 
little  danger  of  too  much  of  the  drug  being  administered.  It  seems  to 
be  universally  recognized  that  ethyl  chlorid  is  unsuitable  for  prolonged 
operations. 

ETHYL  BROMID. 

Ethyl  bromid,  when  poured  upon  the  hand,  should  evaporate 
rapidly,  leaving  no  residue  or  odor,  and  produce  a  marked  sensation  of 
cold.  It  should  not  give  a  precipitate  with  silver  nitrate,  and  when 
mixed  with  concentrated  sulphuric  acid,  no  discoloration  should  ensue. 

Although  ethyl  bromid  has  been  before  the  profession  as  a  general 
anesthetic  since  1849,  when  Nunnelen,  of  Leeds,  strongly  recommended 
it,  it  has  not  been  widely  employed,  and  the  researches  which  have  been 
made  concerning  its  physiologic  effects  are  very  few.  Indeed,  the  only 
research  with  which  I  am  familiar  concerning  its  physiologic  action 
upon  animals  is  that  which  was  made  at  my  suggestion  by  Thornton  and 
Meixell  (Therap.  Gaz.,  September  15,  1892)  in  the  Laboratory  of 
Experimental  Therapeutics  at  the  Jefferson  Medical  College.  Accord- 
ing to  their  investigations,  the  dominant  action  of  the  drug  is  upon 
the  respiratory  and  not  upon  the  circulatory  system.  Its  influence 
upon  both  of  these  functions  is  distinctly  depressant,  although  this 
effect  is  not  marked  unless  it  is  given  in  very  large  doses.  It  causes 
a  fall  of  blood-pressure  and  simultaneously  slows  the  pulse,  probably 
through  a  stimulation  of  the  inhibitory  nerves  of  the  heart.  In  America 
its  most  enthusiastic  supporters  have  been  Levis  and  E.  E.  Montgomery. 
It  has  not  been  given  in  a  sufficient  number  of  cases  to  permit  of  a 
large  array  of  statistics  being  collected,  but  the  consensus  of  opinion 
is  that  it  is  more  dangerous  than  chloroform.  Its  advantages  are  the 
speed  with  which  it  produces  anesthesia,  and  the  rapidity  with  wrhich 
its  effects  pass  away  when  the  drug  is  withdrawn  with  the  inhaler. 
Not  infrequently  at  or  about  the  moment  of  onset  of  surgical  anesthesia 
under  its  use  a  curious  condition  of  muscular  fixation  is  developed, 
somewhat  resembling  that  seen  at  the  moment  of  dissolution,  which, 
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to  a  novice  employing  it,  is  exceedingly  alarming.    This  rigidity  gives 
place  in  a  few  seconds  to  muscular  relaxation. 

To  produce  satisfactory  results  the  drug  must  be  given  in  very 
concentrated  form  in  a  practically  air-tight  inhaler,  which  is  placed 
closely  against  the  patient's  face,  as  much  of  the  atmosphere  being 
excluded  for  the  first  few  respirations  as  possible.  Some  of  the  acci- 
dents which  have  been  credited  to  it  are  probably  due  to  the  substitu- 
tion of  ethylene  bromid  for  ethyl  bromid,  and  possibly  to  the  employ- 
ment of  ethyl  bromid,  which  may  have  undergone  chemic  change  by 
reason  of  exposure  to  light  and  air.  Bromid  of  ethyl  should  always  be 
kept  in  hermetically  sealed  dark-colored  bottles  in  a  dark  place,  and 
samples  which  have  been  freely  exposed  to  the  air  during  the  adminis- 
tration of  part  of  them  to  a  patient  had  better  be  discarded.  The  drug 
is  unsuitable  for  prolonged  surgical  operations.  It  has  given  its  best 
results  in  labor,  where  the  rapidity  of  its  effects  and  the  fleeting  char- 
acter of  its  anesthesia  at  once  promptly  relieves  the  patient,  and  then 
as  promptly  permits  the  patient  to  come  back  to  consciousness. 
Another  advantage  of  ethyl  bromid  is  that  it  seldom  produces  disagree- 
able after-effects,  and,  therefore,  a  patient  who  takes  it  in  an  office  can 
usually  go  out  into  the  street  within  a  short  time  without  difficulty. 
Because  of  its  failure  to  produce  muscular  relaxation,  except  when 
the  anesthesia  is  profound,  it  does  not  lend  itself  to  many  surgical 
conditions  in  which  relaxation  is  a  necessary  factor.  Nausea  and 
vomiting  rarely  follow  its  use.  It  sometimes  produces  a  garlic-like 
odor  on  the  breath,  which  may  persist  for  several  days.  The  quantity 
of  ethyl  bromid  necessary  to  produce  anesthesia  varies  from  45  minims 
to  3  drams  if  a  tightly  closed  inhaler  is  employed,  and  most  of  this 
should  be  poured  upon  the  inhaler  at  once,  instead  of  being  added  drop 
by  drop.  The  best  inhaler  for  its  use  is  the  so-called  Hawley  inhaler, 
RendeFs  mask,  or  an  Ormsby  inhaler.  Silk,  in  130  cases,  found  that 
it  produced  anesthesia  on  the  average  in  sixty-six  seconds,  and  that  the 
anesthesia  lasted  forty-six  seconds,  and  that  when  the  inhalation 
exceeded  two  minutes,  the  after-effects  were  likely  to  be  troublesome. 
Chisholm,  who  reported  300  cases  to  which  ethyl  bromid  was  given,  also 
found  that  the  time  required  to  produce  surgical  anesthesia  was  not 
more  than  sixty  seconds.  Cases  are  on  record  in  which  long  operations 
lasting  more  than  an  hour  have  been  carried  on  under  ethyl  bromid, 
but  these  are  curiosities  in  literature,  and  the  practice  is  to  be  con- 
demned. The  accidents  which  have  been  reported  under  its  use  have 
consisted  in  sudden  cardiac  failure  developing  early  in  its  use,  and 
respiratory  paralysis  developing  late  in  its  use,  and  occasionally  cyanosis 
and  cardiac  engorgement.  Among  the  after-effects  which  are  sometimes 
annoying  are  hysteric  manifestations. 

THE  ADMINISTRATION  OF  ANESTHETICS  IN  SEQUENCE. 

The  fact  that  ether  and  chloroform  induce  unconsciousness  with 
comparative  slowness  has  led  to  the  primary  use  of  nitrous  oxid  gas  or 
ethyl  chlorid  in  order  that  the  stage  of  primary  anesthesia  might  be 
vol.  v — 66 
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made  exceedingly  brief.  This  is  particularly  advantageous  when  ether 
is  employed,  since,  under  these  circumstances,  the  patient  does  not 
suffer  from  any  of  the  disagreeable  sensations  which  are  produced  by 
this  drug  when  first  inhaled,  time  is  saved,  and  struggling  is  avoided. 
There  can  be  no  doubt  whatever  that  the  primary  use  of  nitrous  oxid 
for  this  purpose  is  very  wise  in  a  large  proportion  of  cases.  Its  safety, 
the  speed  with  which  it  produces  its  effects,  and  the  slight  influence 
which  the  gas  exercises  upon  vital  functions  permit  the  ether  to  be 
given  with  confidence  after  anesthesia  is  developed. 

The  employment  of  ethyl  chlorid  for  this  purpose  is  not  to  be  looked 
upon  with  favor.  Unlike  nitrous  oxid,  it  acts  powerfully  upon  respira- 
tion and  circulation,  and  statistics  up  to  the  present  time  show  that 
it  is  more  dangerous  than  chloroform.  In  addition  to  these  facts  it  is 
disadvantageous  to  expose  the  patient  alternately  to  the  effects  of 
drugs  which  act  differently  but  powerfully  upon  vital  centers.  In 
cases  in  which  the  early  effects  of  ether  are  dreaded,  and  the  anesthetist 
is  tempted  to  employ  ethyl  chlorid,  it  should  be  remembered  that  the 
chances  of  the  patient  are  better  with  ether  alone  skilfully  given  than 
they  are  with  ethyl-chlorid-ether  sequence. 

Nitrous  oxid-ether-chloroform  sequence  has  equally  great  dis- 
advantages, since  it  exposes  the  patient  alternately  to  the  high  arterial 
pressure  of  nitrous  oxid,  to  the  cardiac  stimulation  and  respiratory 
depression  of  ether,  and  to  the  universal  depressant  effect  of  chloroform. 

ANESTHETIC  MIXTURES, 
A  large  number  of  mixtures  composed  of  various  anesthetics  have 
been  recommended  from  time  to  time.  They  are  much  more  popular 
in  England  than  they  are  in  this  country  or  in  Europe.  The  most 
common  of  them  is  the  so-called  A.  C.  E.  mixture,  composed  of  alcohol, 
1  part;  chloroform,  2  parts;  ether,  3  parts.  It  was  supposed  at  one 
time  that  the  alcohol  increased  the  stupefying  effects  of  the  ether  and 
chloroform,  and  also  served  to  act  as  a  stimulant  upon,  the  heart,  and 
so  antagonized  any  depression  produced  by  the  anesthetics.  A  better 
knowledge  of  the  influence  of  alcohol  has  proved  this  idea  to  be  falla- 
cious. In  order  to  obtain  a  mixture  in  which  the  three  ingredients  will 
volatilize  with  about  equal  rapidity,  the  alcohol  should  have  a  specific 
gravity  of  0.795;  the  chloroform/ 1.497;  and  the  ether,  6.720.  The 
advantages  claimed  for  this  mixture  are  that  the  ether  acts  as  a  stimu- 
lant, while  the  chloroform  acts  as  a  depressant.  The  number  of  acci- 
dents under  the  use  of  this  mixture  is  very  considerable,  and  it  is  by 
no  means  as  safe  as  ether,  although  it  is  less  dangerous  than  chloroform. 
Billroth's  mixture  is  another  A.  C.  E.  mixture,  which  consists  of  one 
part  of  alcohol,  three  of  chloroform,  and  one  of  ether,  and  is  largely 
used  in  Germany.  It  is  more  dangerous  than  the  English  A.  C.  E. 
mixture.  A  more  popular  mixture  is  the  so-called  C.  E.  mixture, 
often  called  also  the  Vienna  mixture,  which  consists  of  1  part  of  chloro- 
form to  3  of  ether.  It  is  commonly  given  by  means  of  Hewitt's  C.  E. 
inhaler. 
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SCOPOLAMIN-MORPHIN  ANESTHESIA. 

The  scopolamin-morphin  method  of  producing  surgical  anesthesia 
has  been  widely  employed  within  recent  years.  Much  conflicting 
testimony  has  been  presented  concerning  it.  It  is  noteworthy  that 
recent  reports  have  been  less  enthusiastic  than  the  earlier  ones,  and, 
as  its  use  became  more  widespread,  the  number  of  instances  in  which 
untoward  effects  developed  have  increased.  The  conclusions  which 
were  arrived  at  by  Whiteacre  seem  to  me  to  cover  the  facts  as  they 
exist  to-day,  and  are  as  follows: 

1.  Scopolamin-morphin  narcosis  is  not  devoid  of  danger. 

2.  The  use  of  scopolamin  and  morphin  alone  for  surgical  narcosis 
is  not  justifiable,  and  in  the  experience  of  the  author  is  not  practicable. 

3.  A  single  dose  two  hours  before  operation  lessens  the  discomforts 
attendant  upon  the  operative  procedure  to  a  high  degree,  and  may 
obtain  a  definite  place  in  surgical  practice. 

4.  Four  deaths  have  occurred  in  a  series  of  2400  cases,  which  have 
been  so  definitely  related  to  the  use  of  this  method  of  narcosis  that  they 
may  be  called  scopolamin  deaths,  although  there  was  an  absence  of 
an  autopsy  demonstration. 

5.  These  deaths  have  been  reported  as  occurring  with  a  picture 
of  alkaloid  poisoning,  and  heart  failure  has  been  given  as  a  direct  cause 
of  death  (Landau). 

6.  A  fatty  degeneration  of  the  liver  and  kidney  has  been  produced 
in  animals  by  the  use  of  repeated  doses  of  scopolamin  alone,  and  of 
scopolamin  in  combination  with  morphin. 

7.  This  method  of  producing  or  assisting  narcosis  cannot  yet  be 
recommended  for  use  in  general  practice,  in  spite  of  the  great  advantage 
it  seems  to  offer  (Kochmann). 
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CHAPTER  LXXXI. 

LOCAL  AND  SUBARACHNOID  (SPINAL)  ANESTHESIA. 

By  Karl  G.  Lennander, 

OF    UPBALA,    SWEDEN.1 

LOCAL  ANESTHESIA. 

The  preceding  chapter  has  treated  the  subject  of  general  anesthesia 
(narcosis).  In  this  chapter  it  will  be  shown  that  freedom  from  pain, 
without  disturbance  of  consciousness,  may  be  produced  either  by  the 
action  of  an  anesthetic  upon  the  terminal  branches  of  the  sensory  nerves 
in  an  organ  (terminal  anesthesia)  or  by  the  action  of  a  similar  agent 
upon  any  point  of  a  sensory  nerve  in  its  course  from  the  organ,  but  still 
outside  of  the  spinal  canal  (regional  anesthesia)  or  within  the  spinal 
canal,  in  the  subarachnoid  space  (subarachnoid  anesthesia).  Thus,  for 
example,  a  greater  or  smaller  part  of  a  foot  may  be  rendered  insensible 
by  locally  injecting  into  the  skin  and  other  tissues  of  the  foot  a  weak 
cocain  solution.  This  is  terminal  anesthesia,  by  benumbing  the  termi- 
nal nerve  branches  in  loco.  The  same  area  of  the  foot  or  the  entire 
foot  may  be  made  insensible  by  an  injection  of  a  stronger  cocain  solution 
in  the  leg  immediately  around  or  into  the  larger  branches  or  trunks  of 
the  posterior  tibial,  the  peroneal,  and  the  long  saphenous  nerves.  By 
such  a  perineural  or  endoneural  injection  the  sensory  nerve-conduction 
to  the  brain  is  cut  off  at  the  point  at  which  the  injection  is  made.  The 
nerve  is  at  that  point,  for  the  time  being,  physiologically  amputated 
or  "blocked"  (Corning,  Crile,  Matas,  and  others).  An  anesthesia  thus 
produced  is  termed  regional.  But  the  foot  may  also  be  made  insensible 
by  the  injection  of  a  cocain  solution  into  the  subarachnoid  space  around 
the  nerves  in  the  cauda  equina.  The  roots  of  the  sciatic  nerve, 
together  with  all  the  other  nerves  in  the  cauda  equina,  are  thus  paral- 
yzed. The  cutting  off  of  the  sensory  conduction  occurs  in  the  nerve 
(the  roots  of  the  sciatic  nerve)  within  the  subarachnoid  space.  As  a  rule,, 
this  produces  a  sensory  paralysis  of  at  least  the  sacral  and  the  greatest 
part  of  the  lumbar  plexuses.  This  anesthesia  can,  therefore,  not  be 
called  regional,  but,  like  the  regional,  it  is  a  conduction  anesthesia.     In 

i  The  death  of  Professor  Lennander  was  a  great  loss  to  surgery  and  to  his  many 
friends.  For  years  lie  had  suffered  from  valvular  heart  disease,  and  could  spend 
only  six  hours* of  the  day  out  of  bed;  yet  by  his  energy  and  assiduity  he  achieved 
an  international  reputation  and  contributed  greatly  to  tne  progress  of  surgery. 

An  attack  of  apoplexy  and  his  death  occurred  soon  after  he  had  finished  the 
section  on  Local  Anesthesia  and  was  about  to  write  the  remaining  section  on  Spinal 
Anesthesia.  His  assistant,  Dr.  Fredrik  Zachrisson,  who  was  familiar  with  his  views, 
kindly  consented  to  complete  his  chapter.     (W.  \V.  K.) 
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conduction  anesthesia  the  nerve  conduction  only  is  broken,  while  in  generaZ 
anesthesia  (narcosis)  the  central  organs  in  the  brain,  and  in  terminal  anes- 
thesia the  nerve-endings  and  probably  also  the  peripheral  end-organs,  are 
paralyzed.  Terminal  anesthesia  is,  therefore,  certainly  a  paralysis 
of  the  nerve-conduction  in  the  smallest  peripheral  nerves,  but  in  addi- 
tion it  is  probably  a  paralysis  of  the  end-organs  of  the  sensory  nerves. 
This,  however,  cannot  be  demonstrated.  An  injection  of  an  anesthetic 
in  the  subarachnoid  space  acts  upon  the  sheathless  nerves  in  much  the 
same  way  as  does  an  injection  into  a  peripheral  nerve-trunk. 

Local  anesthesia  has  in  this  treatise  a  double  meaning.  The  ex- 
pression is  used — (1)  as  in  the  title,  in  a  wide  sense,  equivalent  to  terminal 
and  conduction  anesthesia,  excluding  the  subarachnoid;  (2)  in  a  narrow 
sense,  equivalent  only  to  that  form  of  anesthesia  which  is  obtained  by 
more  or  less  filling  (infiltrating)  the  tissues  of  a  part  of  the  body  with 
an  anesthetic.  This  local  anesthesia  in  a  narrow  sense  consists  of  a 
combination  of  a  terminal  anesthesia  and  what  might  be  termed  a  local 
conduction  anesthesia.  By  the  infiltration  of  the  operative  field  both 
the  large  and  small  sensory  nerves  contained  therein,  as  well  as  their 
terminal  branches,  are  paralyzed.  Local  anesthesia  in  a  narrow  sense 
is  an  expression  used  to  distinguish  it  from  regional  conduction  anesthesia, 
which,  as  has  already  been  said,  occurs  after  the  injection  of  an  anesthetic 
into  or  at  only  one  place  around  a  large  nerve  or  nerve-branch. 

LOCAL    ANESTHESIA— TERMINAL    AND    CONDUCTION    ANESTHESIA, 
EXCLUDING  SUBARACHNOID  ANESTHESIA 

An  organ  endowed  with  sensation  may  have  all  the  four  commonly 
described  modalities  thereof,  viz.,  sense  of  pain,  pressure,  heat,  and  cold; 
another  organ  has  apparently  the  sense  of  pain  only. 

In  order  successfully  to  practice  local  anesthesia  it  becomes  necessary 
to  know  the  main  distribution,  especially  of  the  pain-conducting  nerves, 
throughout  the  body. 

Ever  since  the  year  1900  I  have  endeavored  to  make  observations 
on  sensation  in  man,  both  at  operations,  with  local  anesthesia,  and  on 
other  occasions  when  neither  anesthesia  in  any  form  nor  anodynes  of 
any  kind  had  been  used,  as  in  cases  of  preternatural  anus,  articulations 
laid  open  by  trauma,  partly  exposed  kidney,  etc.  For  the  internal 
organs,  the  results  at  which  I  have  arrived  can  be  expressed  in  one  sen- 
tence, which,  after  I  had  had  the  opportunity  to  examine  intestines, 
stomach,  gall-bladder,  lungs,  and  other  organs,  some  of  them  both 
in  disease  and  in  health,  in  1901  I  set  up  before  me  as  a  working  hypo- 
thesis, viz.,  all  internal  organs  receiving  their  nerve-supply  only  from 
the  sympathetic  nerve  and  from  the  vagus,  below  the  branching  off 
of  the  recurrent  nerve,  have  no  sensation.  According  to  my  observa- 
tions, therefore,  the  abdominal  and  pelvic  viscera  *  are  devoid  of  nerves 
to  convey  the  sense  of  pain,  pressure,  heat,  or  cold. 

These  organs  have  no  sensation  either  in  health  or  in  disease.  The 
serous  membrane  surrounding  the  abdominal  cavity — the  parietal 
1  About  the  urinary  bladder,  see  p.  1047. 
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peritoneum — is,  however,  on  the  contrary,  very  sensitive  to  pain. 
The  placing,  for  example,  of  sterile  saline  compresses  during  an  ab- 
dominal operation,  between  the  viscera  and  the  parietal  peritoneum, 
causes  much  pain,  as  does  also  traction  upon  the  attachments  of  the 
mesenteries  to  the  abdominal  wall.  But  placing  the  compresses  be- 
tween the  viscera,  at  the  same  time  avoiding  the  parietal  peritoneum, 
occasions  no  pain. 

The  parietal  peritoneum  derives  its  pain-conducting  nerves  from  the 
seven  lower  intercostal,  the  lumbar,  and  the  sacral  nerves,  and  the 
entire  diaphragm,  except  the  rim,  from  the  phrenic  nerves.  The  rim  is 
supplied  by  the  seven  lower  intercostal  nerves.  M.  Ramstrom,  pro- 
fessor of  anatomy  in  UpsaJa,  was  the  first  clearly  to  trace  the  innerva- 
tion of  the  parietal  serosa  and  subserosa.  Through  my  researches  I 
consider  it  to  be  an  established  fact  that  the  parietal  peritoneum  of  the 
anterior  abdominal  wall  is  not  endowed  with  nerves  or  end-organs  for 
the  perception  of  pressure  (touch),  heat,  or  cold,  although  this  serous 
membrane  is  very  sensitive  to  pain.  So  far  it  has  not  been  possible  to 
make  such  observations  on  other  than  the  anterior  parietal  peritoneum. 
The  necessity  of  exerting  the  slightest  amount  of  traction  on  the  root 
of  a  mesentery  causes  great  pain,  but  otherwise,  according  to  my  own 
observations,  the  mesenteries  are  without  sensation.  Braun  does  not 
entirely  agree  with  me  on  this  point.  He  suggests  that  cerebrospinal 
nerves  from  the  posterior  abdominal  wall  may  occasionally  stray  into 
the  mesentery  of  the  intestines. 

The  parietal  peritoneum  adjacent  to  the  foramen  of  Winslow  and  the 
peritoneum  at  the  lower  opening  of  the  thorax,  along  the  costal  carti- 
lages, appear  to  me  to  be  areas  which  are  especially  sensitive  to  pain. 
In  regard  to  the  urinary  bladder  my  observations  are  very  scant.  I 
have  found  that  the  bladder  serosa  examined  through  an  abdominal 
section  is  insensible.  In  suprapubic  cystotomy,  when  only  the  abdom- 
inal wall  but  not  the  bladder  has  been  anesthetized,  one  may  cut  into, 
grasp  with  artery-clamps,  and  stitch  the  bladder-wall  often  without 
causing  any  pain.  Great  care  must,  however,  be  taken  not  to  pull  upon 
the  attachments  of  the  bladder,  particularly  when  the  patient  has 
cystitis,  which  naturally  is  accompanied  by  a  lymphangitis  with  in- 
creased sensibility  of  the  surrounding  connective  tissue.  The  urethra, 
even  the  membranous  portion,  is  certainly  very  sensitive.  Regarding 
the  prostatic  portion  I  am  not  prepared  to  express  an  opinion.  Bot- 
tinPs  operation,  which  we  have  always  performed  without  general 
narcosis,  has  not  seemed  to  be  very  painful. 

When  the  fatty  capsule  of  the  kidney  has  been  separated  from  the 
fibrous  capsule,  neither  the  fibrous  capsule  nor  the  kidney  parenchyma 
shows  any  sensation.  So  soon  as  the  kidney  has  been  brought  up 
into  the  incision,  the  inhalation  narcosis  may,  therefore,  be  instantly 
diminished,  provided  it  be  not  necessary  to  stretch  upon  the  hilus.  The 
ureter  and  the  pelvis  of  the  kidney,  I  believe,  are  not  themselves  endowed 
with  sensory  nerves,  but  they  are  situated  closely  behind,  and  are  partly 
very  intimately  connected  with,  the  sensitive  posterior  parietal  perito- 
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neum,  and  they  are  also  surrounded  by  tissues  richly  supplied  with 
nerves.  Every  energetic  contraction,  every  sudden  and  marked  dila- 
tation of  the  pelvis  or  the  ureter  is,  therefore,  necessarily  accompanied 
by  sensations  of  pain.    The  same  is  true  of  the  ductus  choledochus. 

The  sensory  conditions  of  the  testicle  are  very  difficult  to  determine. 
The  connective  tissue  in  the  hilus  and  along  that  part  of  the  epididymis 
not  covered  by  serous  membrane  has  pain-conducting  nerves,  probably 
derived  partly  from  the  external  spermatic  (lumbar  plexus)  and  the 
pudendal  (sacral  plexus)  nerves.  Those  parts  of  the  testicle  and  epi- 
didymis which  possess  a  serous  covering  have,  according  to  my  obser- 
vations, no  sensation.  The  parietal  portion  of  the  tunica  vaginalis 
propria  behaves,  in  regard  to  sensation,  as  the  parietal  peritoneum 
within  the  abdomen.  The  spermatic  cord  has  sensation  through  the 
external  spermatic  nerve.  The  vas  deferens  and  the  vasa  spermatica 
are,  according  to  my  observations,  accompanied  only  by  sympathetic 
nerves  from  the  abdominal  cavity. 

The  parietal  pleura  and  the  parietal  pericardium  are  very  sensitive 
to  pain  (the  intercostal  and  both  phrenic  nerves).  In  resections  and 
extirpation  of  costal  cartilages  in  front  of  the  heart  I  have  found  that 
the  connective  tissue  behind  the  thoracic  wall  and  the  pericardium  is 
particularly  sensitive  to  pain.  The  lung  has  no  sensation,  and  the 
same  is,  in  all  probability,  true  of  the  heart.  Harvey  noted  that  the 
heart  is  insensible.  Traction  upon  the  hilus  of  these  organs  is  likely 
to  be  extremely  painful,  as  is  also  a  sudden  pull  upon  the  parietal  peri- 
cardium. 

After  the  thyroid  gland  has  been  laid  bare,  an  operation  upon  it  is 
painless,  provided  there  is  no  pulling  upon  the  adjacent  connective 
tissue.  After  having  completely  bared  the  trachea  for  a  tracheotomy, 
I  was  able  to  cut  through  its  anterior  wall  and  hook  up  the  mucous 
membrane  without  causing  pain. 

As  is  well  known,  the  brain  has  no  sensation.  The  same  is  true  of 
the  pia  arachnoid.  It  is  also  true  of  the  dura  mater  on  the  convexity  of 
the  brain  down  toward  the  zygomatic  arch,  where  surgical  interference, 
but  especially  pulling  on  the  dura  mater,  is  painful.  Beneath  the  oc- 
cipital bone  the  dura  mater  has  the  sense  of  pain  (Braun),  but  not  be- 
neath the  frontal  bone  (G.  Nystrom).  In  laying  bare  the  dura  mater 
beneath  the  mastoid  portion  of  the  temporal  bone  I  have  found  that 
this  portion  of  the  dura,  as  well  as  the  transverse  sinus,  has  no  sensation. 

When  scraped  free  of  periosteum  the  cranial  bones  have  no  sensa- 
tion, with  the  exception,  naturally,  of  all  bones  traversed  by  sensory 
nerves;  above  all,  the  inferior  and  both  superior  maxillae.  When  the 
periosteum  has  been  completely  scraped  away  from  the  mastoid  portion, 
the  antrum  and  other  air-cells  may  be  painlessly  opened,  because  neither 
the  bone  nor,  so  far  as  I  have  yet  been  able  to  ascertain,  the  mucous 
membrane  in  these  spaces  has  any  sensation.  It  should  be  noted, 
however,  that  the  mucous  membrane  in  my  cases  has  been  badly  dam- 
aged or  destroyed  by  suppuration.  The  mucous  membrane  of  the 
middle  ear  is  extremely  sensitive.     That  of  the  antrum  of  Highmore 
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and  the  lacrimal  canals  has  sensation.  I  found  the  same  to  be  true 
of  the  mucous  membrane  of  the  frontal  sinus. 

The  entire  integument,  although  in  a  varying  degree,  is  endowed 
with  all  the  four  modalities  of  sensation,  viz.,  the  sense  of  pain,  pres- 
sure, cold,  and  heat.  The  superficial  connective  tissue,  the  aponeuroses, 
and  the  muscles  possess  the  sense  of  pain  in  a  much  less  degree  than  the 
integument.  Through  these  tissues  the  sensory  nerves  pass  from 
the  integument  toward  the  great  nerve-trunks  and  the  spinal  cord. 
In  order,  therefore,  to  operate  painlessly  on  these  tissues,  it  will  be  neces- 
sary either  completely  to  anesthetize  the  entire  operative  field  by  one 
or  more  perineural  or  endoneural  injections,  or  at  a  sufficiently  long 
time  before  the  operation  to  saturate  the  entire  operative  field  with 
a  weaker  anesthetic  solution,  thus  absolutely  cutting  off  all  transmission 
of  pain  from  these  tissues,  both  through  their  own  terminal  nerves  and 
also  through  nerves  which  may  traverse  them.  In  cutting  these  last 
nerves  before  they  have  had  time  to  become  paralyzed  the  patient  will 
often  say  that  it  feels  like  an  electric  shock.  The  tendons  are  believed 
to  have  little  or  no  sensation.  I  found,  however,  that  the  ligamentum 
patella?,  at  the  tubercle  of  the  tibia,  was  very  sensitive  both  to  the  knife 
and  to  the  scissors.  The  connective  tissue  around  the  tendons  has  sen- 
sation, e.  g.,  a  highly  developed  sense  of  pain  exists  in  the  periosteum, 
the  perichondrium,  and  in  the  articular  synovial  membranes.  But 
the  bone-substance,  the  bone-marrow,  and  the  cartilages  do  not  possess 
any  of  the  four  modalities  of  sensation.  Provided  a  part  of  a  bone  has 
been  scraped  clean  of  periosteum,  any  operation  may  be  done  painlessly 
upon  it.  If  the  medullary  canal  of  a  long  bone  has  been  opened  at  any 
point,  the  marrow  may  be  painlessly  scraped  out  for  the  entire  length 
of  the  bone.  If  the  anterior  wall  of  a  sequestrum  cavity  has  been 
opened  under  local  anesthesia,  it  will  then  be  possible  painlessly  to 
scrape  and  clean  out  the  bone  posteriorly,  even  down  to  the  healthy 
periosteum,  provided  only  care  be  taken  not  to  touch  the  periosteum. 
Articular  surfaces  covered  with  cartilage  have  no  sensation,  nor  the 
interarticular  fibrocartilages  of  the  knee-joint.  Arteries  and  veins, 
when  separated  from  the  adjacent  connective  tissue,  have  no  sensation. 
Tumefactions  do  not  have  sensation.  Granulations  have  no  sensation. 
In  case  they  spring  from  a  surface  which  is  not  sensitive,  e.  g.y  from  a 
bone  deprived  of  its  periosteum,  they  may  be  painlessly  scraped,  burnt, 
etc.,  or  if  they  are  situated  at  the  edge  of  a  skin-ulcer,  they  may  be  care- 
fully cut  with  scissors  or  with  a  razor  without  producing  any  pain,  but 
to  scrape  them  off  or  to  burn  them  would  cause  as  much  pain  as  would 
operating  on  normal  skin. 

History  of  Local  Anesthesia  and  Anesthetics.— Nerve  Pressure  ; 
Anemia. — That  local  pressure  upon  a  nerve  will  produce  motor  and 
sensory  paralysis  is  a  matter  of  daily  experience.  In  surgery  the 
attempt  was  made  long  ago  to  utilize  this  experience  by  applying  the 
so-called  ligation  anesthesia,  i.  e.,  a  rubber  tube  or  a  bandage,  around  a 
finger  or  an  extremity.  It  has  been  believed  by  many  that  arresting 
the  circulation  would  be  sufficient  to  produce  insensibility.     This  is 
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an  error.  According  to  Braun's  experiments  upon  himself,  arrest  of 
the  circulation  at  the  base  of  a  finger  produces,  aside  from  paresthesia 
and  a  feeling  of  numbness,  at  most  a  paralysis  of  the  sense  of  pressure; 
even  after  two  hours  pricking  the  finger-tip  with  a  needle  was  rather 
more  than  ordinarily  painful. 

On  one  occasion  Braun  obtained  almost  complete  insensibility  of 
his  own  middle  finger  after  ligating  the  basal  phalanx,  but  the  finger 
remained  insensible  even  for  several  months  after  the  rubber-tubing  had 
been  removed.  Plainly,  a  pressure  trauma  of  the  nerves  remained. 
With  Braun,  I  believe  that  the  old-time  surgeons  were  right  in  believing 
that  insensibility  could  be  obtained  only  by  a  pressure  which  is  severe 
enough  to  injure  the  nerve.  It  is  well  known  that  the  motor  nerves 
are  more  easily  injured  than  the  sensory  nerves,  and  that  the  motor 
conduction  is  restored  more  slowly  and  often  less  completely  than  the 
sensory.     Ligation  anesthesia,  therefore,  is  inadvisable. 

Cold. — A  mixture  of  ice  and  common  salt  in  a  gauze  bag  was  used 
by  Arnott  (1848)  to  render  the  skin  insensible  to  incisions.  Richet 
(1854)  and  others  used  sulphuric  ether,  allowing  it  to  evaporate  upon 
the  skin.  Through  Richardson's  invention  of  the  ether  or  rhigolene 
spray  (1866)  a  practically  useful  method  was  obtained.  Under  the 
play  of  an  ether  spray  the  mercury  in  a  thermometer  will  rapidly  drop 
to  — 15°  to  —20°  C.  With  the  evaporation  of  the  ether  upon  the  skin 
this  first  becomes  red,  and  after  a  few  minutes  it  gets  white  and  hard 
and  completely  insensible.  It  is  frozen.  If  the  warm  blood-stream 
is  prevented  from  flowing  through  the  tissues,  e.  g.,  if  the  ether  spray 
be  applied  peripherally  to  an  Esmarch's  bandage,  the  freezing  will 
be  quicker,  will  penetrate  deeper  and  last  considerably  longer,  but 
there  is  always  some  danger  of  gangrene.  As  soon  as  a  tissue  is  frozen, 
the  terminal  branches  of  the  sensory  nerves  become  paralyzed  (terminal 
anesthesia).  After  thawing,  sensation  immediately  returns,  and  the 
tissue  remains  for  some  time  hyperesthetic,  but  the  tissue  will  not  suffer 
injury  if  the  freezing  has  been  of  short  duration.  The  process  of  freezing 
is  attended  with  pain,  and  so  also  is  the  thawing,  and  this  pain  may  last 
a  long  time.     At  the  present  time  the  ether  spray  is  not  often  used. 

Ethyl  chlorid,  or  a  mixture  of  ethyl  chlorid  and  methyl  chlorid, 
commonly  called  anestil}  is  being  used  instead.  The  liquid  is  contained 
in  glass  or  metal  tubes.  The  heat  of  the  hand  is  sufficient  to  cause  it 
to  escape  in  a  forcible  jet  through  a  fine  opening  as  soon  as  the  metal 
screw-cap  has  been  removed.  With  any  of  these  liquids  the  freezing 
is  done  much  more  quickly  than  with  ether  spray.  The  incision  should 
be  made  immediately  after  the  skin  has  become  frozen.  Personally,  I 
have  never  seen  any  harm  to  the  skin  from  ethyl  chlorid  or  from  anestil, 
but,  on  the  other  hand,  I  have  never  attempted  to  produce  deep,  i.  e., 
subcutaneous  anesthesia. 

That  ether  vapors  are  very  inflammable  and  explosive  is  well  known; 
ethyl  chlorid  and  methyl  chlorid  do  not,  however,  ignite  from  an  open 
flame  or  a  thermocautery. 

Braun  has  tried  to  produce  regional  anesthesia  upon  himself  by 
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means  of  ethyl  chlorid  on  the  skin  over  the  ulnar  nerve,  behind  the 
internal  condyle,  and  also  on  the  skin  over  the  radial  nerve,  above  the 
wrist.  As  soon  as  the  freezing  reached  the  nerve,  he  experienced  an 
intense,  characteristic  pain  within  the  area  of  distribution  of  the  nerve. 
Within  the  area  of  the  radial  nerve  anesthesia  occurred,  but  only  partly 
along  the  ulnar  nerve,  because  it  was  necessary  to  discontinue  the  freez- 
ing as  the  pain  became  too  severe.  Two  minutes  after  the  ethyl  chlorid 
had  been  withdrawn  the  pain  conduction  was  restored.  The  skin  was 
badly  ulcerated  in  both  places. 

Ethyl  cMorid  or  anestil  spray  is  useful  to  render  the  skin  painless  to  a 
single  incision.  This  may  very  well  have  the  length  of  from  10  to  20  cm. 
If  the  skin  be  inflamed,  the  freezing  may  be  very  painful.  Personally, 
I  use  ethyl  chlorid  or  anestil  in  order  to  render  the  skin  rapidly  perfectly 
insensible  in  cases  when,  for  local  anesthesia,  I  have  injected  a  novocain- 
adrenalin  solution  deep  into  the  subcutaneous  tissue,  but  have  no  time 
to  wait  for  the  paralyzing  effect  of  this  solution  upon  the  nerve  conduc- 
tion from  the  skin.  The  freezing  is  then  done  quickly  and  painlessly. 
I  likewise  use  ethyl  chlorid  in  case  I  need  to  lengthen  the  skin  incision 
when  operating  under  local  anesthesia  or  light  narcosis.  Ethyl  chlorid 
is  excellent  to  diminish  the  pain  from  secondary  suturing. 

Isotonic  Solutions. — The  nerves,  as  well  as  all  other  tissues  within 
the  body,  in  order  to  functionate  normally,  must  be  surrounded  by  and 
permeated  with  a  nutritive  fluid,  the  main  constituents  of  which  are 
water,  albumin,  and  salts,  which,  when  present  in  a  certain  constant 
ratio,  determine  the  osmotic  equivalent  of  the  fluid.  In  order  that  an 
aqueous  solution  of  a  salt  may  be  injected  into  a  tissue  without  causing 
any  injury  to  it  or  any  reaction  from  it,  it  is  requisite  that  the  salt  be 
indifferent,  i.  e.,  in  every  respect  harmless,  and  also  that  the  solution  be 
isotonic  with  the  blood,  and  that  it  be  injected  at  body  temperature. 
Among  indifferent  salts  may  be  mentioned  chlorid,  sulphate,  phosphate, 
and  carbonate  of  sodium  and  other  sodium  salts.  Should  the  injected 
solution  not  be  isotonic  with  the  nutritive  fluid  of  the  tissue,  that  tissue 
will  be  more  or  less  injured.  A  hypotonic  solution  gives  off  water  to  the 
tissue  and  takes  up  its  salts.  The  ratio  of  salts  within  the  tissue  is 
consequently  altered.  The  tissue,  in  our  case  the  nerve,  becomes 
swollen  and  loses  its  microscopic  structure.  A  hypertonic  solution 
takes  water  away  from  the  tissue,  consequently  it  increases  the  ratio 
of  salt  and  causes  the  nerve  to  shrink. 

All  isotonic  solutions  have  the  same  freezing-point.  The  freezing- 
point  of  the  blood  is  given  at  — 0.55°  to  — 0.57°  C.  A  solution  with 
its  freezing-point  at  about  — 0.56°  C.  is  consequently  isotonic  with  the 
blood.  A  solution  of  sodium  chlorid  to  be  physiologic  for  the  tissues 
of  man  must  contain  0.92  per  cent,  of  sodium  chlorid;  one  that  is  phys- 
iologic for  the  tissues  of  the  frog,  0.6  per  cent.  If  a  few  drops  of  a 
0.92  per  cent,  solution  of  sodium  chlorid  at  body  temperature  be  in- 
jected into  the  skin,  it  turns  white  and  hard  and  becomes  raised,  form- 
ing a  wheal.  Its  appearance  is  not  attended  by  pain,  and  in  testing 
its  sensation  with  a  pin,  this  is  found  to  be  unaltered.     The  wheal  soon 
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disappears  without  leaving  a  trace.  The  injection  of  this  isotonic  solu- 
tion of  sodium  chlorid,  heated  to  body  temperature,  has  produced  no 
irritation  of  the  nerves  of  pain  in  the  skin  (has  caused  no  pain)  and 
it  has  not  paralyzed  the  nerves  (has  produced  no  anesthesia),  and  has 
in  no  way  injured  the  tissue.  If  the  percentage  of  salt  in  the  0.92 
per  cent,  solution  of  sodium  chlorid  be  successively  diminished,  in- 
jections into  the  skin  of  a  healthy,  normal  forearm  begin  to  be  painful 
and  are  followed  by  anesthesia  from  a  solution  of  0.55  per  cent,  or  less. 
The  pain  and  the  anesthesia  increase  pan  passu  with  the  diminution 
in  the  salt  ratio,  and  are  greatest  when  only  pure  distilled  water  is  used. 
The  injection  of  pure  water  is  very  painful,  but  the  pain  soon  subsides 
and  is  followed  by  a  sensory  paralysis  which  lasts  for  fifteen  minutes. 
Solutions  which  are  greatly  diluted  will  cause  a  lasting  injury  to  the 
tissue.  The  wheal  does  not  disappear,  and  a  painful  infiltration  will 
remain  for  a  long  time.  After  an  injection  of  pure  water  there  occurs, 
not  infrequently,  even  a  superficial  necrosis.  Hypertonic  solutions 
absorb,  as  before  stated,  water  from  the  tissue,  the  nutritive  fluid  of 
which  consequently  becomes  more  concentrated.  This  causes  pain  and 
anesthesia  of  the  sensory  nerves  and  injury  to  the  tissue.  Pain  and 
anesthesia  occur  when  the  solution  contains  about  2.5  per  cent,  sodium 
chlorid.  The  symptoms  increase  with  an  increase  in  the  salt  ratio.  It  is 
scarcely  possible  to  make  the  injections  stronger  than  10  per  cent., 
because  the  pain  is  unbearable. 

Chemical  Local  Anesthetics. — By  local  anesthetics  are  under- 
stood certain  chemical  compounds,  weak  solutions  of  which,  when 
brought  in  contact  with  sensory  nerves,  paralyze  them  without  lastingly 
injuring  them.  This  effect  is  dependent  upon  the  presence,  in  these 
agents,  of  certain  atom  groups  which  Ehrlich  calls  anesthesiphorous 
atom  groups.  It  is  possible  that  just  these  atom  groups  enter  into 
certain  chemical  combinations  with  the  nerve  substance,  and  that  the 
nerve  thus  remains  paralyzed  until  the  newly  formed  compounds  are 
split  up  and  the  poison  is  washed  away  by  the  circulating  blood. 

Cocain  is  the  original  type  for  a  local  anesthetic.  Einhorn  dis- 
covered its  composition.  He  has  thus  made  possible  its  synthetic 
production,  and  also  opened  the  field  for  a  great  number  of  experi- 
ments of  scientific  and  practical  importance,  leading  to  the  discovery 
of  new  local  anesthetics  obtained  by  exchanging  the  non-anesthesi- 
phorous  atom  groups  of  the  cocain  for  other  groups,  different  for  each 
of  the  various  new  agents.  Thus  eucain,  orthoform,  anesthesin,  and 
others  have  been  obtained. 

The  local  anesthetics  are  effective  in  great  dilutions.  In  order  that 
the  solutions  should  have  the  same  freezing-point  as  the  blood,  — 0.56°  C. 
and  thus  be  physically  harmless  to  the  tissue,  it  is  requisite  that  so- 
dium chlorid  in  greater  or  smaller  amount  be  added.  Those  solutions 
of  various  local  anesthetics  which  have  been  made  isotonic  with  the 
blood  are  afterward  tested  by  injections  in  the  skin-producing  wheals. 
In  this  way  there  is  then  to  be  determined:  (1)  The  smallest  percentage 
of  an  agent  which  may  be  required  to  render  the  wheal  anesthetic;  (2) 
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the  duration  of  anesthesia.  At  the  same  time  it  should  be  noted 
whether  the  skin  becomes  hyperemic,  if  a  painful  infiltration  remains, 
etc. — in  other  words,  whether  the  agent  used  in  isotonic  solution  be 
injurious  or  not  to  the  tissue. 

Cocain. — This  salt  occurs  in  a  white,  crystalline  powder,  readily 
soluble  in  water  and  in  alcohol.  It  is  an  alkaloid  which  affects  all 
living  protoplasm.  It  first  excites,  then  paralyzes.  In  greater  con- 
centration it  paralyzes  immediately.  Its  effect  is  very  ephemeral,  pro- 
ducing no  lasting  harm  to  the  affected  protoplasm.  Its  effect  is  most 
readily  understood  by  assuming  that  the  cocain  poisons  the  protoplasm 
by  entering  with  it  into  combinations  which  are  easily  broken  up. 
The  products  of  the  decomposition,  among  which  cocain  cannot  be 
recovered,  are  slightly  or  not  at  all  poisonous,  and  are  carried  away  by 
the  circulation.  Cocain  has  the  greatest  affinity  for  the  central  nervous 
system,  and  next  for  the  sensory  and  motor  nerves.  A  few  drops  of 
a  10  to  20  per  cent,  cocain  solution  applied  to  the  floor  of  the  fourth 
ventricle  cause  immediate  respiratory  paralysis,  but  the  animals  may 
be  saved  by  artificial  respiration.  Should  a  little  cocain  enter  the  cir- 
culation and  be  carried  to  the  brain  in  a  certain  very  weak  concentra- 
tion, the  strength  of  which  is  known  in  the  case  of,  for  example,  the 
rabbit,  but  not  for  man,  restlessness,  convulsions,  and  general  paralysis 
make  their  appearance  and  are  followed  by  death  from  respiratory 
failure.  As  soon  as  signs  of  respiratory  failure  appear  in  a  case  of 
cocain-poisoning,  artificial  respiration  should  be  resorted  to.  This 
affords  hope  of  recovery. 

It  is  evident  that  in  local  anesthesia  one  must  be  careful  that  cocain 
solutions  are  not  injected  directly  into  the  blood,  neither  in  veins  nor 
in  arteries,  and  that  in  applications  to  mucous  membranes  and  in  sub- 
cutaneous injections  the  solutions  are  sufficiently  weak  to  preclude  the 
possibility  of  the  cocain  ever  reaching  the  cerebral  cortex  or  the  res- 
piratory center  through  the  general  circulation  in  a  dose  which,  for  these, 
the  most  sensitive  organs,  might  prove  toxic. 

A  maximum  dose  of  cocain  can  never  be  fixed.  Although  so  highly 
poisonous,  especially  for  the  central  nervous  system,  it  is,  however, 
rapidly  decomposed  by  contact  with  living  protoplasm.  The  occurrence 
of  poisoning  and  death  depends,  therefore,  upon  the  degree  of  concen- 
tration of  the  cocain  in  the  blood  at  the  time  it  reaches  the  central 
nervous  system.  The  German  and  the  Swedish  pharmacopeias  have 
the  maximum  dose  0.05  gram.  Weigand,  in  his  collection  of  cases  of 
poisoning  and  death  from  cocain,  has  recorded  no  fewer  than  40  cases 
where  very  dangerous  symptoms  often  followed  the  administration 
of  only  0.01  to  0.05  gram,  but  in  solutions  of  from  5  to  30  per  cent,  con- 
centration. Czerny  had  a  death  from  the  injection  of  7  cc.  of  a  1  per 
cent,  cocain  solution  in  the  urethra. 

From  this  it  will  be  clear  that  cocain-poisoning  can  be  avoided  only 
by  a  technic  so  planned  that  none  but  doses  absolutely  harmless  for  the 
central  nervous  system  may  enter  the  general  circulation. 

How  this  is  accomplished  will  soon  be  explained.     Cocain  has  a 
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greater  affinity  for  the  sensory  than  for  the  motor  nerves.    The  effect  of 
cocain  in  a  certain  proper  concentration  upon  peripheral  mixed  nerves 
is  to  abolish,  first,  the  sense  of  tickling,  then  the  sense  of  tempera- 
ture, thereafter  the  sense  of  pain,  and  lastly  the  sense  of  touch  (pressure) , 
and  only  thereafter  the  motor  faculty,  which  may  remain  unaffected 
although  all  the  modalities  of  sensation  have  been  paralyzed.     During 
the  retrogression  of  poisoning,  the  faculty  of  motion  is  the  first  to  return, 
then  the  sense  of  pressure,  next  the  sense  of  pain,  and  lastly  the  sense  of 
temperature.     Modern  local  anesthesia  has  been  made  possible  through 
the  discovery  of  cocain.     Its  birth  may  be  dated  back  to  the  year  1884, 
when  Koller  announced  that  many  operations  upon  the  eye  could  be 
performed  without  pain  after  the  instillation  into  the  conjunctival  sac 
of  a  few  drops  of  a  2  per  cent,  solution  of  cocain.     Cocain  was  soon  in 
use  for  the  anesthetizing  of  all  accessible  mucous  membranes.     The 
great  importance  of  cocain,  for  example,  in  laryngology  and  rhinology, 
lay  in  the  fact  that  not  only  does  it  abolish  pain  and  the  reflexes,  but 
also  that,   through   its   astringent   effect   upon  the  smooth  muscular 
structure  of  the  vessels,  it  at  the  same  time  causes  a  temporary  dis- 
appearance   of   swellings    of  the  mucosa    and  submucosa,    an   effect 
which  is  of  incalculable  advantage  in  diagnosis  and  surgical  technic, 
but  which  is  now,  however,  even  more  surely  attained  by  the  use  of 
adrenalin. 

Injected  into  the  tissues  cocain  became  a  useful  anesthetic  in  other 
branches  of  surgery  and  in  dentistry.  In  the  beginning  concentrated 
solutions  of  2  per  cent.,  4  per  cent.,  10  per  cent.,  up  to  20  per  cent,  were 
used.  For  example,  5  drops  of  a  4  per  cent,  solution  were  injected 
subcutaneously,  producing  an  anesthesia  which  was  found  to  extend 
to  a  surrounding  area  in  all  directions.  By  creating  such  centers  or 
depots  of  cocain  one  after  another  in  a  line  it  became  possible  to  anes- 
thetize quite  a  large  area.  The  neurologist,  J.  Leonard  Corning,  of 
New  York,  was  one  of  the  first  to  realize  how  dangerous  an  agent  cocain 
was.  According  to  him,  it  was  self-evident  that  an  agent  possessing 
an  affinity  so  strong  for  the  peripheral  nerves  must  needs  act  as  a  poison 
to  the  heart  and  the  central  nervous  system  in  case  it  should  enter  the 
blood  in  a  sufficiently  concentrated  solution. 

Corning  (1885)  and  Goldscheider  (1886)  demonstrated  on  man  that 
cocain  breaks  the  conduction  through  a  nerve,  a  fact  previously  demon- 
strated by  physiologists  on  animals.  Halsted  and  Raymond,  as  early 
as  1885,  injected  cocain  around  the  lingual  nerve  and  around  the  inferior 
dental  nerve,  to  make  painless  tooth-extraction  in  the  lower  jaw.  This 
marks  the  beginning  of  the  perineural  method  of  injection.  Hall 
applied  this  method  at  the  same  time  to  the  infra-orbital  nerve. 

Corning  used  weak  solutions  of  cocain,  from  2  to  £  per  cent. 
A  solution  of  ^  per  cent,  he  considered  especially  serviceable  if  the  cir- 
culation could  be  shut  off  after  the  injection.  He  first  made  an  intra- 
cutaneous injection,  followed  by  a  subcutaneous  one,  and  finally  an 
injection  into  the  deeper  tissues.  The  injections  should  be  completed 
in  from  three  to  five  minutes,  and  should  be  immediately  followed  by 
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the  application  of  an  Esmarch  bandage  proximally  to  the  site  of  injec- 
tion. He  did  not  apply  the  bandage  before  making  the  injection,  for 
the  reason  that  he  wanted  to  use  the  capillary  circulation  for  the  dis- 
tribution of  the  cocain.  On  the  head,  in  the  face,  and  on  the  trunk  he 
attempted  to  shut  off  the  peripheral  circulation  in  the  skin  and  subcu- 
taneous tissue  by  metal  rings,  etc.,  covered  with  rubber-tubing  and  held 
in  place  with  tapes.  After  the  shutting  off  of  the  circulation  one  could 
still  promote  the  spread  of  the  cocain  into  the  surrounding  area,  to  a 
certain  extent,  by  massage.  With  the  removal  of  the  bandage  the 
insensibility  was  diminished  after  a  few  minutes,  and  had  soon  alto- 
gether disappeared.  During  the  incarceration  of  the  cocain  by  an 
occluding  bandage  major  operations  lasting  even  two  hours  were  per- 
formed upon  the  extremities.  Matas  has  rightly  emphasized  that  one 
ought  to  diminish  the  pressure  of  the  bandage  on  the  nerve-trunks 
by  placing  soft  pads  over  the  nerves  and  by  applying  the  bandage  in  a 
spiral  manner.  It  is  often  not  difficult  to  obtain  complete  local  anes- 
thesia distally  to  a  circular  bandage,  but  after  perhaps  three-quarters 
of  an  hour  or  one  hour  the  patients  begin  to  complain  bitterly  of  local 
pressure  from  the  bandage  and  of  pain  in  the  areas  of  the  peripheral 
distribution  of  the  nerves. 

Before  making  the  injections  Corning  was  in  the  habit  of  applying 
a  stasis  bandage  around  the  extremities,  the  neck,  etc.,  in  order  to  fill 
the  veins  distally  to  the  bandage,  thus  causing  them  to  stand  out  promi- 
nently. He  then  made  his  injections  according  to  this  map  in  order 
to  avoid  injecting  the  cocain  directly  into  the  blood.  The  same  end 
may  be  obtained  by  following  the  advice  of  Recus,  to  inject  the  cocain 
only  during  the  pushing  forward  or  during  the  withdrawing  of  the 
noodle.  In  deep  injections  of  cocain  in  the  vicinity  of  known  vessel- 
trunks  one  should  first  introduce  the  needle  attached  to  an  empty 
syringe,  and  make  suction.  If  no  blood  appear,  cocain  may  then  be 
injected. 

Roberts  (also  in  1885)  injected  weak  solutions  in  the  skin  and  in  the 
subcutaneous  tissues.  In  the  United  States  Halsted  had  also  very 
early  made  a  warm  plea  for  the  use  of  local  anesthesia  with  cocain.  At 
the  instigation  of  Wolffler  (1887)  a  number  of  observations  on  cocain 
and  on  major  operations  performed  under  cocain  anesthesia  were  pub- 
lished. Soon,  however,  so  many  cases  of  poisoning  and  death  from 
cocain  were  reported  in  all  countries  that  many  surgeons  regarded  cocain 
anesthesia  as  more  dangerous  than  general  narcosis. 

Schloich  at  that  time  (1891,  1893,  etc.)  rendered  great  service  to 
the  cause  of  local  anesthesia  by  demonstrating  that  solutions  of  cocain 
of  iV  per  cent,  and  still  weaker  could  be  successfully  employed  if  the 
tissues  are  infiltrated  with  the  solution  under  pressure. 

Conduction  Anesthesia  with  Cocain. — A  procedure  which  in  many 
instances  is  of  practical  importance  consists  of  excluding  all  nerve- 
conduction  from  the  field  of  operation  by  making  an  injection  all  around 
it.  Hackenbauch  (1897)  has  described  this  procedure  as  an  original 
method.    Figuratively  speaking,  the  operative  field  may  be  said  to  be 
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encased  in  a  "shell"  of  tissue  infiltrated  with  cocain,  resulting  in  the 
paralysis  of  every  sensory  nerve  passing  through  it. 

In  speaking  of  conduction  anesthesia,  a  "  perineural "  or  "endoneural " 
injection  is,  however,  uppermost  in  one's  mind.  These  terms,  accord- 
ing to  Braun,  were  first  employed  by  Matas.  The  Germans  usually 
attribute  the  perineural  method  to  Oberst,  who  has  been  employing  it 
since  1888  for  anesthetizing  fingers  and  toes.  Important  works  on  the 
perineural  method  have  since  appeared  from  the  hands  of  Kummer, 
Krogius,  Braun,  and  Hackenbruch.  For  perineural  injections  solu- 
tions of  cocain  of  from  \  to  2  per  cent,  have  been  employed. 

In  endoneural  injections  the  nerve  is  laid  bare  under  local  anesthesia 
with  infiltration.  Then  a  cocain  solution,  preferably  of  1  per  cent.,  is 
injected  into  the  very  trunk  of  the  nerve,  a  globular  swelling  appearing  at 
the  site  of  injection.  The  nerve-conduction  is  broken  almost  instantly, 
and  the  anesthesia  lasts  from  twenty-five  to  thirty  minutes  (Crile). 

Already  in  1887  Crile  amputated  a  leg  after  a  preceding  injection 
of  cocain  into  the  crural  and  sciatic  nerves.  He  has  later  practised 
injections  in  the  brachial  plexus  above  the  clavicle,  with  simultaneous 
temporary  forcipressure  of  the  subclavian  artery,  for  disarticulation 
and  for  amputation  of  the  arm,  and  in  conjunction  with  brief  general 
narcosis,  for  the  disarticulation  of  the  arm  with  the  shoulder  girdle. 
Matas,  at  an  early  period,  employed  endoneural  injections  into  the 
largest  nerve-trunks  for  major  operations  on  the  extremities.  Cushing 
(1902)  advised  cocainization  ("blocking")  of  large  nerve-trunks  before 
cutting  them,  as  they  come  in  sight  during  an  operation  under  general 
narcosis;  this  is  to  prevent  shock,  which,  as  Cushing  showed,  might 
occur  even  with  general  anesthesia  when  large  nerve-trunks  are  divided. 

Endoneural  Injection  in  Nerves  which  Have  Been  Laid  Bare  During 
the  Progress  of  an  Operation  with  Local  Anesthesia. — This  procedure  for 
regional  anesthesia  was  recommended  by  Cushing  in  operations  for 
inguinal  hernia  (1900).  He  taught  us  in  these  operations  to  search 
for  and  cocainize  the  iliohypogastric,  the  ilio-inguinal,  and  the  genito- 
crural  nerves.     (See  p.  1073.) 

Where  practicable,  one  may  considerably  prolong  the  anesthesia 
from  an  endoneural  injection  by  immediately  applying  proximally  an 
Esmarch  bandage. 

Nerve  Degeneration  Following  Endoneural  Injections. — v.  Lier  has 
examined  microscopically  the  trunk  of  the  sciatic  nerve  in  rabbits  after 
endoneural  and  perineural  injections.  Following  endoneural  injections 
of  1  per  cent,  cocain  in  distilled  water  or  1  per  cent,  eucain  in  0.6  per 
cent,  solution  of  sodium  chlorid,  a  certain  number  of  nerve-fibers  were 
always  found  to  have  undergone  fatty  degeneration.  Perineural  in- 
jections of  the  same  solutions  around  the  nerves  showed  absolutely  no 
degeneration.  I  have  been  unable  to  find  any  records  of  sensory  or 
motor  paralyses  following  a  case  of  either  endoneural  or  perineural 
injections  of  cocain  or  novocain. 

From  what  has  been  said,  it  will  be  seen  that  in  pure  cocain  anes- 
thesia one  should  be  able  to  avoid  general  cocain-poisoning  by  using 
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regional  conduction  anesthesia  in  the  widest  possible  extent,  and  by 
employing  for  infiltration  weak  solutions  (for  example,  Schleich,  tV  per 
cent,  and  weaker),  enhancing  their  local  effect  by  compressing  the  proxi- 
mal veins  either  manually  or  with  clamps,  or  by  means  of  a  stasis 
bandage.  Other  means  to  be  employed  are  elevation  at  a  right  angle 
and  cooling  the  entire  infiltrated  area  with  an  ether  spray.  All  these 
measures  are  to  be  taken  before  beginning  the  operation.  In  operating 
on  the  extremities  it  is  best  to  use  an  Esmarch  bandage  during  the 
entire  operation. 

Reclus,  who  has  collected  and  published  the  results  of  over  7000 
operations  with  cocain  anesthesia,  insists  that  even  during  the  smallest 
operation  with  cocain  anesthesia  the  patient  must  be  in  the  recumbent 
position,  and  so  remain  for  at  least  from  twenty  minutes  to  three  hours 
after  the  operation.  Restlessness,  dizziness,  and  delirium  are  the  first 
symptoms  of  general  cocain-poisoning. 

Cocain-adrenalin  Anesthesia. — When  ophthalmologists,  rhino- 
laryngologists,  and  dentists  in  their  use  of  suprarenal  extract  as  a  vaso- 
constrictor and  hemostatic  had  discovered  that  it  also  to  a  high  degree 
enhances  the  effect  of  local  anesthetics,  especially  of  cocain,  H.  Braun, 
in  1902,  started  a  series  of  experiments  with  adrenalin  which  became 
epoch-making  in  the  history  of  local  anesthesia.  The  active  principle 
in  suprarenal  extract  is  a  very  poisonous  alkaloid,  which  was  first  pro- 
duced in  pure  crystalline  form  by  Parke,  Davis  and  Co.,  and  by  them 
placed  on  the  market  under  the  name  of  adrenalin.  The  commercial 
preparation  is  composed  of  a  solution  of  hydrochloric  acid,  made  in 
vacuo,  containing  1  :  1000  adrenalin.  It  must  be  kept  in  a  dark  room 
and  should  be  hermetically  sealed,  as  it  is  readily  decomposed,  in  which 
case  it  first  becomes  faintly  rose-colored,  then  more  of  a  brownish-red 
and  turbid.  In  surgery  none  but  absolutely  colorless  and  entirely  clear 
solutions  must  be  used.  Several  other  firms  are  making  similar  prepara- 
tions. 

Suprarenal  juice,  suprarenal  extract,  and  adrenalin  effect,  in  in- 
credibly small  doses,  a  transitory  rise  of  the  blood-pressure  caused  by — 
(1)  direct  increase  in  the  heart's  action;  (2)  contraction  of  the  non-striped 
muscular  fibers  in  the  arteries  and  capillaries.  The  effect  upon  the  heart 
and  the  vessels  is  purely  local,  consequently  peripheral.  Lawen  has 
demonstrated  that,  having  accomplished  its  constricting  effect  upon 
the  vessel,  the  adrenalin  is  then  destroyed  by  the  living  vessel-wall. 
It  is  significant  that  the  vessels  in  the  various  vascular  regions  are 
differently  affected  by  adrenalin.  Thus  the  vessels  of  the  stomach, 
the  intestines,  and  the  bladder  are  affected  to  a  less  degree  than  are 
those  of  the  integument,  and  those  of  the  lungs  not  at  all.  After  the 
injection,  ad  modum  Schleich,  into  the  skin  or  subcutaneous  tissue, 
of  adrenalin  in  a  physiologic  sodium  chlorid  solution  1 :  600,000  or 
1:  300,000  (which  means  one  drop  of  Parke,  Davis  and  Co.'s  adrenalin 
1:  1000,  added  to  20  or  10  cc.  respectively  of  sodium  chlorid  solution, 
provided  that  the  drops  be  of  a  size  that  30  such  drops  are  contained 
in  1  cc),  the  capillary  circulation  will  soon  have  ceased.  On  section, 
vol.  v— 67 
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the  tissue  is  pale  and  watery.  Nerves  and  vessels  appear  very  promi- 
nently. There  is  only  a  slight  bleeding  from  some  of  the  larger  arteries. 
In  the  venous  lumina  blood  is  stagnant,  or  they  may  be  empty.  The 
anemia  will  last  for  about  one  hour  or  longer.  It  is  not  necessary  to 
infiltrate  the  operative  field  itself.  It  is  sufficient  to  inject  into  the 
proximity,  provided  a  somewhat  more  concentrated  solution  is  being 
used,  whereby  even  the  larger  arteries  are  made  to  contract. 

Braun's  investigations  now  showed  that,  by  adding  adrenalin  in  the 
above  small  doses  to  isotonic  solutions  of  sodium  chlorid  in  infiltration 
anesthesia,  the  local  anesthetic  effect  of  cocain  became  very  markedly 
enhanced  and  also  prolonged.  Through  its  action  as  a  vasoconstrictor 
the  cocain  to  a  certain,  although  very  slight,  extent  increases  the  tissue- 
blanching  power  of  the  adrenalin.  Adrenalin  is  equally  important 
for  perineural  and  endoneural  conduction  anesthesia  as  for  infiltration 
anesthesia. 

The  reason  why  adrenalin  so  greatly  augments  and  prolongs  the 
paralyzing  effect  of  the  cocain  upon  the  nerves  and  their  end-organs 
must  be  that  adrenalin,  like  freezing,  a  stasis  bandage  or  an  Esmarch 
bandage,  temporarily  arrests  the  circulation,  and  so,  for  an  equally  long 
time,  "incarcerates  the  cocain/'  to  adopt  the  expression  of  the  pioneer, 
J.  Leonard  Corning.  Braun's  researches  have  also  demonstrated  that 
/5-eucain  and  even,  to  a  far  greater  extent,  tropacocain,  lessen  the  vaso- 
constricting  effect  of  the  adrenalin.  For  this  reason  adrenalin,  in  con- 
nection with  ,3-eucain,  has  not  at  all  the  same  effect  as  when  added  to 
cocain,  and  with  tropacocain  it  is  almost  useless.  Even  stovain  anes- 
thesia is  comparatively  only  slightly  enhanced  by  adrenalin.  The  \ 
t  anesthetizing  power  of  novocain  isy  on  the  contrary ,  enormously  increased  J 
\  by  the  addition  of  adrenalin.  The  conclusion  seems  to  be  warranted 
then  that  a  larger  dose  of  cocain  may  be  used  if  adrenalin  be  injected  at 
the  same  time.  Experiments  on  animals  are,  however,  conflicting  on 
this  point,  inasmuch  as  Sikemyer  has  found  the  general  poisoning  from 
cocain  to  be  only  delayed,  but  not  lessened,  by  adrenalin.  In  my 
opinion  cocain  is  so  dangerous  that  it  would  seem  most  prudent  to  con- 
tinue using  it  in  the  same  small  doses  and  in  the  same  weak  solutions 
with  adrenalin  as  formerly  without  it.  My  dosage  has  been  a  total 
consumption  of  from  0.03  to  0.05  gm.  of  cocain  in  solutions  of 
1:  100,  1:  200,  1:  400,  1:  800,  1:  1000,  1:  10,000.  The  same  is  true  of 
adrenalin  as  of  cocain,  viz.,  intravenous  injections  are  enormously — 
it  has  been  estimated  forty  times — more  dangerous  than  subcuta- 
neous injections,  although  also  here  the  concentration  of  the  solution 
is  decisive,  as  I  have,  during  several  years,  in  cases  of  peritonitis  and 
shock,  many  times  injected  very  slowly  into  a  vein  from  8  to  10 
drops  of  adrenalin  (1:  1000)  in  from  i  to  1  liter  of  a  physio- 
logic solution  of  sodium  chlorid.  Braun,  in  1902,  by  experimenting 
upon  himself,  fixed  the  subcutaneous  dose  at  0.5  mgm.;  that  is,  0.5  cc. 
of  adrenalin  solution  1 :  1000.  When  he  injected  a  little  more  than  this 
dose  he  experienced,  after  a  few  minutes,  constriction  of  the  chest, 
palpitation  of  the  heart,  and  increase  of  the  pulse-rate,  etc.     For  local 
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anesthesia  injections  of  a  solution  of  1 :  1000  are  never  used.  Solutions 
of,  at  most,  1:  30,000,  or  perhaps  occasionally  1:  15,000,  are  employed 
(which  equals  1  or  2  drops  of  a  1 :  1000  solution  in  1  cc.  of  a  solution 
of  sodium  chlorid),  but  more  often  from  1:60,000  to  1:  150,000  for 
conduction  anesthesia,  and  only  from  1 :  300,000  to  1 :  600,000  for 
infiltration  anesthesia. 

The  poisoning  power  of  adrenalin  is  diminished  with  the  degree  of 
dilution.  I  therefore  believe  that  Braun  was  perfectly  right  when  he 
announced,  in  1907,  that  one  might  safely  employ  1  cc.  or  even  a  little 
more  of  adrenalin  (1:  1000)  in  the  dilutions  which  are  to  be  considered 
as  proper  for  local  anesthesia. 

Aside  from  its  toxicity,  one  has  every  reason  to  be  careful  in  the  use 
of  adrenalin  for  fear  of  secondary  hemorrhage.  In  solutions  stronger 
than  1:  300,000,  1:  150,000,  adrenalin  exerts  a  constricting  effect  even 
on  larger  arteries,  c.  g.t  the  arteries  of  the  fingers.  These  do  not  begin 
to  bleed  until  the  adrenalin  anemia  has  lessened.  If  the  wound  has 
been  sutured,  a  hematoma  will  form;  if  it  be  open  and  without  a  firm 
packing,  e .  <?.,  in  the  nose,  a  free  secondary  hemorrhage  will  result.  After 
an  adrenalin  anemia  the  circulation  returns  gradually  to  the  normal, 
with  no  intermediary  stage  of  vascular  dilatation,  as  after  an  Esmarch 
bandage.  Every  secondary  hemorrhage  following  the  use  of  adrenalin 
is,  therefore,  due  to  neglect  to  ligate  or  tampon  because  there  was  no 
bleeding  at  the  time  of  the  operation. 

It  cannot  be  gainsaid  that  more  than  necessarily  concentrated 
solutions  of  adrenalin  may  injure  the  nutrition  of  the  tissues,  and 
thereby  the  healing,  although  conclusive  observations  on  this  point  are 
as  yet  lacking. 

In  persons  with  arteriosclerosis  one  should  be  still  more  careful  in 
the  use  of  adrenalin,  because  it  raises  the  blood-pressure. 

Braun  has  lately  tested  two  preparations:  synthetic  suprarenin  and 
arterenin.  Both  these  products  are  placed  on  the  market  in  hydro- 
chloric acid  solutions,  1 :  1000,  which  are  not  more  stable  than  the  natural 
adrenalin  solutions,  and  must,  therefore,  be  used  only  when  absolutely 
clear  and  colorless.  Their  local  action  is  identical  with  that  of  natural 
adrenalin.  But  Braun  has  also  tested  a  third  preparation,  called 
homorenon.  It  is  a  hydrochlorate,  crystalline,  very  soluble  in  water, 
stable,  and  can  be  boiled.  His  investigation  showed  homorenon  to  be 
fifty  times  less  effective,  but  also  generally  fifty  times  less  poisonous, 
than  adrenalin.  A  5  per  cent,  watery  solution  of  homorenon  corre- 
sponds, therefore,  to  a  1:  1000  solution  of  natural  adrenalin.  Solutions 
of  homorenon  neither  irritate  nor  injure  the  tissues.  Braun,  therefore, 
expresses  the  opinion  that  homorenon  is  the  preparation  of  choice  for 
the  present.  With  homorenon  in  powder  or  tablet  form  we  would 
be  able,  by  boiling,  to  prepare  our  own  sterile  watery  solutions. 

Novocain. — Novocain  was  discovered  by  Einhorn.  It  is  soluble  in 
water  1:1.  The  solution  Is  of  neutral  reaction.  In  watery  solution  it 
Is  precipitated  by  free  and  carbonated  alkalis.  Consequently  avoid 
alkaline  glass;  do  not  boil  syringes  and  needles  in  soda  solution,  but  in 
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pure  distilled  water.  The  watery  solution  will  stand  boiling  and  is 
stable,  even  though  it  be  kept  exposed  to  the  air.  Biberfeld  has  made 
a  pharmacologic  study  of  novocain.  Administered  subcutaneously, 
it  produces  weaker  toxic  effects  than  any  hitherto  known  local  anesthetic. 
It  has  no  peripheral  effect  on  the  vessels.  Injected  intravenously  it 
causes  a  fall  of  the  blood-pressure  and  the  respiration  becomes  slow  and 
superficial.  The  lowering  of  the  blood-pressure  is  due  to  its  action  on 
the  vasomotor  center.     On  the  heart  it  seems  to  exert  no  influence. 

Braun  tested  the  value  of  novocain  as  a  local  anesthetic  in  1905, 
and  Biberfeld  found  that  it  may  be  injected  in  and  beneath  the  skin, 
even  in  the  strength  of  a  5  per  cent,  solution,  without  causing  the 
slightest  pain  and  without  in  the  least  injuring  the  tissues. 

Braun  found  that  novocain  is  a  powerful  but  fleeting  local  anes- 
thetic, of  no  practical  utility  except  in  conjunction  with  adrenalin.  In 
a  concentration  twice  that  of  cocain  and  combined  with  adrenalin, 
novocain  may  take  the  place  of  cocain  everywhere  in  terminal  and  con- 
duction anesthesia.  He  had  not  seen  any  symptoms  of  poisoning  even 
with  the  use  of  more  than  0.4  to  0.5  gm.  of  novocain.  In  1907  he  stated 
that  novocain-suprarenin  anesthesia  in  his  clinic  has  entirely  displaced 
the  cocain-suprarenin  anesthesia. 

From  my  published  writings  it  is  apparent  that  it  was  with  great 
enthusiasm  I  at  one  time  adopted  Schleich's  method,  which  I,  however, 
abandoned  after  I  had  become  acquainted  with  the  cocain-adrenalin 
anesthesia,  which,  in  my  experience,  has  been  uniformly  successful, 
and  to  which  I  remained  faithful  even  after  trying  /*-eucain,  acoin,  and 
stovain.  Not  even  the  results,  which  my  friend  Arthur  E.  Barker, 
with  his  excellent  technicf  has  been  able  to  announce  with  the  use  of 
^-eucain  anesthesia,  seem  to  me  to  surpass  those  obtained  with  cocain- 
adrenalin  anesthesia.  Following  Braun's  announcement  about  novo- 
cain, I  employed  this  agent  at  Christmas  time,  1905,  and  thenceforth 
novocain-adrenalin  anesthesia  has  also  in  my  clinic  completely  displaced 
cocain-adrenalin  solutions,  with  the  exception  of  occasional  cases  of 
anesthesia  of  mucous  membranes  by  applications  upon  the  surface  of 
cocain-adrenalin  solutions.  With  novocain  one  need  not  anxiously 
count  the  milligrams,  and  the  more  thorough  infiltration  of  the  tissues 
which  thus  becomes  possible  will  in  many  instances  produce  a  more 
complete  analgesia.  We  have  injected  over  0.60  gm.  novocain  and  have 
observed  no  ill  effects  therefrom. 

Technic  of  Local  Anesthesia. — Indications. — Local  anesthesia 
should  be  employed  whenever  it  is  possible  with  its  aid  to  operate  pain- 
lessly. It  is,  however,  in  most  cases  more  inconvenient  to  the  surgeon 
and  requires  a  longer  time  to  operate  with  local  anesthesia  than  under 
general  narcosis.  Notwithstanding  this  it  should  be  resorted  to,  espe- 
cially when  the  general  condition  of  the  patient,  e.  <?.,  old  age,  marked 
anemia,  or  definite  organic  disease,  renders  general  narcosis  more  than 
ordinarily  perilous.  External  conditions  also  are  often  of  a  decisive 
consequence;  above  all,  whether  or  not  the  surgeon  has  the  advantage 
of  having  at  his  disposal  the  services  of  an  expert  anesthetizer.     Because 
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of  the  unequal  distribution  of  the  sense  of  pain  within  the  tissues  and 
organs  it  is  often  possible  to  perform  large  parts  of  an  operation  pain- 
lessly without  using  either  local  or  general  anesthesia.  This  is  particu- 
larly true  of  operations  of  the  abdomen,  but  also  of  certain  operations 
on  the  osseous  system,  etc.  In  many  cases  one  may  thus,  by  a  com- 
bination of  local  anesthesia,  morphin  subcutaneously,  and  a  brief 
ether  narcosis,  perform  the  severest  operations  painlessly,  and,  as  to  the 
narcosis,  without  danger.  Here  the  opportunities  for  individualizing 
according  to  the  demands  of  each  particular  patient  are  abundant. 
For  the  healing  of  wounds  after  certain  operations,  e.  g.,  radical  opera- 
tions for  hernia,  it  is  a  great  advantage  that  with  local  anesthesia  the 
patients  are  able  to  remain  quiet  and  that,  as  a  rule,  they  do  not  vomit. 

Local  anesthesia  enables  the  unassisted  surgeon  successfully  to 
practice  all  kinds  of  minor  surgery,  as  operations  for  furuncles,  carbuncles, 
whitlow,  phlegmonous  thecitis,  ingrown  nails,  small  tumors,  "pre- 
cancerous" ulcers,  surgery  of  accidents,  etc.  Cancer  of  the  lip  and  the 
tongue,  rodent  ulcer,  and  incipient  lupus  may  be  extirpated  even  before 
the  dreaded  diagnosis  is  macroscopically  or  perhaps  microscopically 
certain.  Every  medical  student  should  learn  to  perform  the  most  im- 
portant emergency  operations  with  local  anesthesia,  viz.,  difficult 
catheterization,  herniotomy,  tracheotomy,  thoracotomy,  cystotomy, 
extraction  of  teeth. 

Local  anesthesia  will  cause  the  surgeon  to  operate  with  anatomic 
conservatism  and  accuracy,  and  to  avoid,  as  a  rule,  blunt  dissection.  It 
makes  of  him  an  anatomist,  and  especially  a  nerve-anatomist. 

Preparations  for  the  Operation. — When  local  anesthesia  alone 
will  suffice,  the  patient  is  allowed  for  breakfast  coffee,  eggs,  and  the  like. 
If,  however,  ether  narcosis  is  believed  to  be  needed  to  help  the  patient 
over  the  stages  in  the  operation  in  which  local  anesthesia  may  be  in- 
sufficient, he  should  be  fasting.  In  this  event,  0.01  to  0.015  gm.  of 
morphin  should  be  given  subcutaneously  preceding  the  injections  of 
novocain,  i.  e.,  at  least  half  an  hour  before  the  administration  of  ether. 
In  other  cases  the  same  dose  of  morphin  is  given  only  if  the  patient 
complains  of  being  tired.  It  is  evident  that  patients  not  requiring 
general  narcosis  may  be  given  something  good  to  eat  or  drink  during 
the  operation,  and  it  also  goes  without  saying  that  silence,  as  well  as 
other  disciplinary  rules  of  the  operating-room,  must  be  scrupulously 
observed,  both  by  assistants  and  the  surgeon. 

Syringes,  Solutions,  Technic. — Recording  syringes  with  metal 
plunger,  now  in  general  use,  are  suitable.  For  stronger  solutions 
syringes  holding  1  or  2  cc,  for  weaker  solutions  those  holding  5  or  10 
cc,  are  employed.  It  is  well  to  have  an  assortment  of  needles  differing 
in  length  and  thickness.  For  the  skin  the  needles  must  be  very  thin 
and  sharp.  Intracutaneous  injections — wheal  formation — may  then 
be  performed  almost  painlessly.  Every  injection  in  the  skin  or  the 
mucous  membrane  is  started  by  producing  a  wheal.  Thrusting  the 
needle  through  these  successively  is  thereafter  painless.  The  needle- 
point should  have  a  short  bevel,  almost  at  right  angle  in  many  cases. 
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Schleich  employed  three  cocain  solutions:  (1)  1 :  500  —  0.2  per  cent.; 
(2)  1:  1000  -  0.1  per  cent.;  (3)  1:  10,000  =  0.01  per  cent.  I  formerly 
used  i^j  to  1  per  cent,  cocain  in  physiologic  solution  of  sodium  chlorid, 
with  adrenalin  in  the  same  proportions  as  for  novocain  solutions.  Like 
Braun,  I  now  employ  four  novocain  solutions: 

No.  1.  Novocain 0.25 

Physiologic  saline  solution 100 

Adrenalin  (1:  1000)  or  homorenon  (4  per  cent.).         5       drops. 

No.  2.  Novocain 0.25 

Physiologic  saline  solution 50.0 

Adrenalin  (1:  1000)  or  homorenon  (4  per  cent.).       5     drops. 

No.  3.  Novocain 0.1 

Physiologic  saline  solution 10.0 

Adrenalin  (1:  1000)  or  homorenon  (4  per  cent.).       2       drops. 

No.  4.  Novocain 0.1 

Physiologic  saline  solution 5.0 

Adrenalin  (1:  1000)  or  homorenon  (4  per  cent.).        5       drops. 

Hitherto  I  have  only  had  opportunity  to  use  Parke,  Davis  and  Co.'s 
adrenalin  (1 :  1000).  Braun  uses  for  solutions  No.  3  and  4  twice  as  much 
adrenalin  as  I  do,  i.  e.,  5  drops  for  No.  3  and  10  drops  for  No.  4.  For 
solution  No.  1  1  often  use  1  drop  adrenalin  to  10  cc.  Solution  No.  2 
diluted  with  an  equal  amount  of  saline  solution  gives  No.  1,  and  solution 
No.  4  gives  in  the  same  way  No.  3.  Solution  No.  4  (2  per  cent,  novocain) 
I  have  so  far  only  used  for  injection  in  the  gums  and  periosteum  for  the 
extraction  of  teeth.  Braun  says  that  because  of  the  harmlessness  of 
novocain  he  now,  as  a  rule,  uses  solutions  No.  2  and  No.  4.  It  is  plain 
that,  for  perineural  injections,  it  is  in  certain  cases  of  great  advantage 
that  the  anesthetizing  solution  possess  a  considerable  power  for  pene- 
tration. In  case  of  perineural  injection,  where  it  is  difficult  to  inject 
the  solution  just  closely  around  the  nerve,  or  where  the  injection  is 
intended  for  one  of  the  larger  nerves  with  a  thick  sheath,  I  shall  continue 
to  use  No.  4.  But  for  endoneural  injections  I  shall  employ  No.  2  and 
No.  3,  the  former  solution  for  thinner,  the  latter  solution  for  thicker 
nerves,  until  it  has  been  proved  by  ample  experience  that  a  2  per  cent, 
solution  of  novocain  is  entirely  harmless,  even  in  endoneural  injections. 
Only  in  the  case  of  an  endoneural  injection  for  amputation,  when  the 
nerve  is  to  be  severed,  would  I  possibly  use  solution  No.  4. 

On  their  emergence  from  the  subdural  space  the  nerves,  as  is  well 
known,  become  invested  with  a  sheath  of  dura  mater.  Where  the 
nerve-trunks  are  the  thickest,  there  also  the  nerve-sheaths  are  the 
thickest  and  the  most  fibrous,  growing  thinner  as  the  nerves  approach 
their  terminal  distribution.  The  terminal  branches  have  no  sheaths. 
From  this  it  follows  that  an  organ  possessing  only  terminal  nerve- 
branches  and  nerve-endings,  i.  e.,  the  skin,  is  the  one  which  is  most 
easily  rendered  insensitive.  Next  in  order  comes  the  periosteum,  and 
thereafter  perhaps  the  parietal  serosa  of  the  thorax  and  the  abdomen. 
The  only  tissue  which  it  is  possible  to  infiltrate,  i.  c,  to  so  fill  up  with 
the  solution  that  every  nerve-cell  becomes  immersed  in  it,  is  the  skin. 
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This  is  accomplished  by  the  production  of  wheals.  The  skin  is  thus 
rendered  immediately  insensitive,  even  with  cocain  solutions  as  weak 
as  1:  1000  to  1:  20,000,  and  with  novocain  1:  1000.  For  infiltration  of 
the  skin  I  employ  £  per  cent,  novocain.  Next  after  the  skin  the  peri- 
osteum is  the  tissue  which  it  is  easiest  to  infiltrate.  Of  major  operations, 
it  is  easiest  to  produce  local  anesthesia1  (infiltration  anesthesia)  for  a 
laparotomy  in  the  midline,  and  then  especially  in  a  case  of  wide  dias- 
tasis between  the  recti  muscles.  When,  with  a  very  fine  and  sharp  needle, 
the  required  number  of  wheals  has  been  produced  so  as  to  enable 
one  painlessly  to  thrust  the  needle  through  the  skin,  the  injections  of 
novocain-adrenalin  solution  No.  1  are  made  (always  while  pushing 
forward  or  withdrawing  the  needle),  first  subserously  (do  not  perforate 
the  peritoneum),  then  in  the  linea  alba,  and  finally  subcutaneously. 
A  half-hour  after  the  injection  has  been  finished,  perhaps  sooner,  the 
anesthesia  is  complete.  In  every  laparotomy  the  anesthesia  should 
be  made  to  extend  beyond  the  length  of  the  intended  incision.  If  the 
subserous  connective  tissue  at  the  sides  of  the  incision  be  not  thoroughly 
soaked  in  the  solution,  one  should,  with  the  aid  of  a  controlling  finger 
in  the  peritoneal  cavity,  inject  £  or  \  per  cent,  novocain-adrenalin 
subserously  in  all  directions  around  the  incision.  By  so  doing  it  will 
be  possible  to  use  retractors  and  also,  even  after  a  prolonged  operation, 
to  suture  the  peritoneum  without  causing  any  pain.  A  little  practice 
will  enable  one  to  produce  anesthesia  for  an  incision  through  the  sheath 
of  the  rectus.  Personally,  in  the  majority  of  my  cases  of  median  lapa- 
rotomy, I  use  the  median  incision  through  the  sheath  of  the  rectus,  as 
described  by  me.  An  injection  of  solution  No.  1  is  first  made  in  the 
posterior  surface  of  the  rectus,  then  beneath  the  anterior  sheath  of  the 
rectus,  and  finally  subcutaneously  in  one  or  two  layers,  close  to  the  ap- 
oneurosis and  close  to  the  integument,  after  which  one  should  wait  for 
half  an  hour.  Above  the  semilunar  folds  of  Douglas  it  often  happens 
that  one  is  unsuccessful  in  entering  the  subserous  connective  tissue. 
The  rectus  having  first  been  pulled  outward,  a  short-beveled  needle  is 
pushed  through  the  posterior  sheath  of  the  rectus,  and  thus  within  a 
couple  of  minutes  the  subserous  connective  tissue  may  be  filled  with  \  or 
I  per  cent,  novocain-adrenalin,  making  the  parietal  peritoneum  insensi- 
tive. It  is  not  necessary  to  infiltrate  the  integument.  During  the  time 
of  waiting  after  the  injection  has  been  completed  the  integumentary 
nerves  are  being  paralyzed  in  their  passage  through  the  subcutaneous 
tissue.  The  nerves  being  thinnest  in  and  around  the  midline  of  the 
thorax  and  the  abdomen,  anteriorly  as  well  as  posteriorly,  anesthesia 
occurs  in  these  situations  sooner  than  in  other  parts  of  the  body.  It 
is,  therefore,  in  these  operations  unnecessary  to  wait  half  an  hour. 
In  case  of  imminent  danger,  then  also  the  skin  is*  immediately  infil- 
trated for  the  entire  length  of  the  incision,  or,  preferably,  it  is  frozen 
with  ethyl  chlorid  and  the  operation  begun  at  once. 

In  all  major  operations,  however,  the  rule  should  be  observed  not  to 
begin  the  operation  until  half  an  hour  after  the  last  injection.   The  larger 
1  Local  anesthesia  in  a  narrow  sense;  see  p.  1046. 
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the  nerves  which  are  passing  in  the  fasciae  between  the  muscles,  and 
the  denser  their  sheaths,  the  longer  will  be  the  time  required  for  the  no- 
vocain to  penetrate  into  the  nerve-fibers.  In  my  clinic  we  are,  therefore, 
in  the  habit  of  removing  the  patients  wrapped  in  sterile  sheets  back 
into  their  beds  after  the  disinfection.  Then  we  proceed  with  the  in- 
jection in  all  cases  where  this  is  practicable,  and  the  patient  is  allowed 
to  remain  in  bed  for  half  an  hour;  then  he  is  taken  to  the  operating- 
room.  In  those  cases  of  infiltration  anesthesia  when  one  aims  at  getting 
the  novocain  around  larger  nerve-trunks,  e.  g.,  deep  into  the  lumbar 
regions,  we  employ  solution  No.  2  (J  per  cent.).  For  perineural  in- 
jections solution  No.  3  (1  per  cent.)  or  No.  4  (2  per  cent.)  are  employed. 
In  these  cases,  too,  it  is  well  to  wait  for  half  an  hour. 

In  many  operations  it  is  possible,  in  the  manner  described,  to  fill 
the  tissues  from  the  depth  to  the  surface  with  the  solutions  No.  1  and 
No.  2.  In  other  cases  one  will  have  to  do  a  circular  or  semicircular 
injection.  Proceeding  from  one  or  more  wheals  in  the  skin,  a  shell 
of  tissue,  as  it  were,  around  the  entire  or  one  half  (see  below)  of 
the  operative  field,  is  filled  with  No.  1  or  No.  2.  This  procedure  be- 
comes necessary  in  malignant  tumors  or  in  infectious  maladies.  In 
either  event  the  injections  should  be  made  beyond  the  area  of  infected 
lymph-channels.  In  furuncles,  abscesses,  etc.,  one  cannot  inject  within 
the  inflamed  area,  for  the  additional  reason  that  such  injections  would 
be  painful. 

In  planning  a  local  anesthesia  one  must  in  every  instance  have  a 
clear  conception  of  the  topographic  anatomy,  and  especially  of  the 
nerve  anatomy,  of  the  region,  and  also  how  one  intends  to  operate. 
Then  one  must  consider  what  in  that  particular  case  may  be  gained  by 
endoneural  or  perineural  injections,  by  infiltration  of  the  entire  opera- 
tive field,  or  by  a  circular  injection.  One  must  decide  whether  the 
circular  injection  needs  to  extend  around  the  entire  operative  field, 

or  whether  it  is  sufficient  to  inject  in  a  straight  line, ,  an  angular 

line,  A,  or  in  a  semicircle,  ^,  on  one  or  two  sides. 

In  order  more  plainly  to  illustrate  the  choice  of  methods,  I  will 
pass  in  review  the  various  regions  of  the  body.  I  presuppose  that  the 
reader  has  for  his  guide  a  good  atlas  or  anatomy  of  the  nerves. 

The  Head. — The  cranium  and  its  soft  parts  receive  their  nerves 
from  the  three  branches  of  the  trigeminus  and  from  the  cervical  plexus. 

The  most  important  of  these  nerves  are  the  frontal,  the  supra- 
orbital, the  auriculotemporal,  the  auricularis  magnus,  and  the  occipi- 
talis minor  and  major.  One  should  bear  in  mind  the  locations  of  these 
nerves  and  the  points  where  they  penetrate  the  muscular  fasciae  and 
become  subcutaneous.  It  should  be  clearly  understood  that  they 
innervate  all  the  st)ft  parts  of  the  cranium  from  the  periosteum  to  the 
skin.  It  is  plain  that,  by  injections  of  solution  No.  1  in  periosteum, 
muscles,  and  subcutaneous  connective  tissue  around  the  head  at  a  level 
with  the  supra-orbital  arch,  and  by  additional  injections  of  No.  3  peri- 
neurally  around  the  larger  nerves  at  the  points  where  they  emerge 
through  the  muscular  fasciae,  all  the  soft  parts  within  this  circumference 
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will  be  rendered  insensitive.  The  bone  has  no  sensation,  neither  has 
the  dura  mater,  over  the  convexity  of  the  brain,  but  it  becomes  sensitive, 
especially  to  traction,  on  approaching  the  zygomatic  arch.  Even 
beneath  the  mastoid  portion  the  dura  mater  is,  according  to  my  ob- 
servations, insensitive.  The  remaining  portion  of  the  dura  may 
have  sensation.  It  receives  nerves  from  all  the  three  branches  of  the 
trigeminus  and  from  the  vagus.1  I  am  inclined  to  believe  it  would  be 
possible  to  anesthetize  a  portion  of  the  dura  mater  at  the  base  of  the 
brain  through  branches  of  the  trigeminus  accompanying  the  middle 
meningeal  artery.  One  ought,  therefore,  to  try  and  inject  slowly,  say, 
solution  No.  2,  with  a  blunt  needle,  between  the  dura  and  the  bone 
above  the  zygomatic  arch,  along  one  of  the  branches  of  said  artery. 

For  operations  on  the  top  of  the  vertex  anesthesia,  therefore,  can- 
not be  produced,  except  by  a  circular  injection  around  the  entire  oper- 
ative field.  To  operate  in  the  middle  of  the  forehead  the  injection  is 
made  in  a  line  above  the  orbits,  and  for  the  middle  of  the  occiput  in  a 
line  at  a  level  with  the  origin  of  the  trapezius,  always  aiming  to  in- 
ject especially  around  the  points  where  the  nerves  emerge  from  their 
deep  canals  and  from  under  the  muscular  fasciae.  To  operate  in  the 
temporal  region  one  will  have  to  make  at  least  a  semicircular  injection, 
and  take  special  care  sufficiently  to  infiltrate  the  periosteum.  The 
mastoid  portion  and  its  cells  may  be  widely  opened,  and  the  entire 
mastoid  process  extirpated,  provided  that  all  the  periosteum  within 
the  field  of  the  operation,  consequently  also  that  on  the  posterior 
(internal)  surface  of  the  mastoid  process,  be  carefully  infiltrated,  and, 
in  addition,  solution  No.  2  be  injected  between  the  auditory  canal 
and  the  bone,  raising  the  periosteum  from  the  mastoid  portion. 
The  presence  of  the  adrenalin  in  the  solutions  renders  the  operations 
less  bloody. 

The  Face. — In  all  plastic  operations  about  the  face  local  or  regional 
anesthesia  may  be  employed.  Matas  has  performed  double  resection 
of  the  superior  maxilla  under  cocain  anesthesia  of  the  second  division 
of  the  trigeminus.  He  inserted  the  needle  through  the  sphenomaxillary 
fossa  into  the  sphenopalatine  fossa.  By  a  proper  combination  of 
morphin  subcutaneously  with  local  and  regional  injections  of  novocain- 
adrenalin  it  is  possible,  under  a  very  superficial  ether  narcosis,  to  perform 
painlessly  the  most  extensive  operations  about  the  face. 

Extraction  of  Teeth. — An  injection  of  No.  3  or  No.  4  is  made 
beneath  the  mucous  membrane  and  the  periosteum  on  both  sides  of 
the  alveolar  process.  In  the  upper  jaws  one  should  remember  that 
before  they  enter  the  bone  the  posterior  dental  nerves  are  found  beneath 
the  mucous  membrane  on  the  posterior  surface  of  the  superior  maxilla. 
The  lower  jaw,  including  the  teeth  and  periosteum  between  the  two 
mental  foramina,  receives  branches  from  the  inferior  dental  nerves 
of  both  sides.  Here  the  bone  may  be  made  perfectly  insensible,  e.  g.y 
temporary  resection  by  the  injection  of  No.  3  or  No.  4  in  the  periosteum 

1  Poirier  et  Charpy,  Traite  d^natomie  humaine,  T.  viii.,  p.  112,  and  their  figures 
(428,  447,  and  448). 
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around  the  jaw.  For  painless  extraction  of  the  posterior  molars  in  the 
lower  jaw  it  is  in  many  instances  sufficient  to  inject  No.  4  beneath 
the  mucous  membrane  and  the  periosteum.  In  order  that  the  teeth 
and  the  bone  be  surely  anesthetized  it  will  be  necessary  to  make  a 
perineural  injection  around  the  inferior  dental  nerve  as  it  enters  the 
inferior  dental  foramen.  The  needle  is  inserted  1  cm.  above  the  upper 
surface  of  the  third  molar,  and  then,  guided  by  the  feeling  of  the  bone, 
is  carried  to  the  outer  side  of  the  lingula  at  the  aperture  of  the  inferior 
dental  canal.  Here  a  generous  injection  of  No.  4  is  made.  One  may 
count  upon  the  solution  spreading  also  to  the  lingual  nerve.  In  order 
to  anesthetize  the  lingual  nerve  alone,  an  injection  of  solution  No.  3 
should  be  made  beneath  the  mucous  membrane  of  the  floor  of  the  mouth 
at  the  inner  side  of  the  lower  jaw.  The  glossopharyngeal  nerve  is  to  be 
found  in  the  posterior  lateral  portion  of  the  tongue  internally  to  the 
styloglossus  muscle. 

The  Neck. — For  operations  in  the  median  line  of  the  neck,  e.  g., 
tracheotomy  and  laryngotomy,  it  is  easy  to  produce  complete  anesthesia 
by  infiltration.  In  thyroidectomy,  the  skin,  the  subcutaneous  tissue, 
and  partly  the  middle  layer  of  the  cervical  fascia  may  be  rendered  in- 
sensitive, but  to  deliver  the  gland  into  the  incision  or  otherwise  to 
stretch  upon  the  parts,  e.  g.,  in  ligating  the  superior  thyroid  artery, 
is  always  attended  by  pain.  The  thyroid  gland  itself  has  no  sensation. 
A  majority  of  thyroidectomies  may  be  performed  with  local  anesthesia. 
It  is,  however,  necessary  to  select  the  cases,  as  some  patients  will  un- 
doubtedly do  better  under  local  anesthesia  combined  with  general 
narcosis;  others  under  ether  narcosis  alone. 

In  the  majority  of  operations  for  cervical  lymphomata  local  anes- 
thesia is  very  useful.  The  nerves  (auricularis  magnus,  superficialis 
colli,  anjl  the  supraclavicular  branches)  are  located  at  the  points  where 
they  emerge  beneath  the  posterior  border  of  the  sternomastoid  at  about 
its  middle.  Here  one  should  make  generous  injections  of  solution  No.  3. 
Should  it  be  apparent  at  the  outset  that  it  will  be  necessary  to  sacrifice 
one  or  two  of  these  nerves,  then  one  might  as  well  begin  the  operation 
with  that.  Even  after  a  perineural  injection  around  the  cervical 
plexus  has  been  made,  one  will  always  have  to  infiltrate  the  subcutane- 
ous tissue  at  the  lower  jaw  and  at  the  mastoid  process  around  the  inser- 
tion of  the  sternomastoid  if  it  should  be  necessary  to  turn  this  muscle 
downward.  Superficially  situated  lymphomata  may  be  operated  upon 
absolutely  painlessly  with  perineural  and  local  anesthesia.  For  deep- 
seated  lymphomata  the  need  of  ether  may  be  greatly  limited,  although 
it  cannot  be  entirely  dispensed  with  in  other  than  very  patient 
individuals. 

The  Upper  Extremities. — Here  there  is  scarcely  an  operation  that 
cannot  be  performed  under  regional  or  local  anesthesia.  It  is  to  be 
remembered  that  the  bone-substance,  the  bone-marrow,  and  the  carti- 
lages are  not  sensitive,  but  that  the  periosteum,  the  perichondrium, 
and  the  synovial  articular  membranes  are  very  sensitive.  The  peri- 
osteum of  the  shaft  of  the  humerus  receives  its  nervous  supply  from 
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the  radial  and  the  musculocutaneous  nerves,  and  that  of  the  shaft  of 
the  radius  and  the  ulna  from  the  median  nerve.  The  elbow-joint,  as 
well  as  the  wrist-  and  carpal  joints,  receive  branches  from  all  three 
great  nerves,  viz.,  the  median,  the  ulnar,  and  the  radial. 

For  all  operations  on  the  skin  and  the  subcutaneous  tissue  one  should 
always  first  consider  where  the  subcutaneous  nerves  contained  within 
the  field  of  operation  penetrate  the  deep  fascia,  in  order  to  determine 
whether  perineural  injections  alone  may  be  sufficient  or  whether  they 
should  be  used  in  conjunction  with  local  anesthesia  (infiltration).  For 
major  operations  about  the  hand,  resections  of  the  wrist-joint,  ampu- 
tations, etc.,  of  the  forearm,  resections  of  the  elbow-joint,  perineural 
and  endoneural  injections  may  be  employed.  I  have,  for  example, 
recently  performed  three  painless  resections  of  the  elbow-joint  after  an 
injection  of  solution  No.  3  into  each  nerve,  having  first — under  local 
anesthesia — laid  bare  all  the  nerves  at  a  level  with  the  tendon  of  the 
latissimus  dorsi. 

To  operate  upon  a  severe  case  of  phlegmonous  thecitis  extending 
up  toward  the  elbow,  under  local  anesthesia,  the  median,  the  ulnar,  and 
the  internal  cutaneous  nerves  are  laid  bare  at  the  middle  of  the  upper 
arm,  and  then  solution  No.  3  is  injected  into  them.  With  the  same 
solution,  perineural  and  local  injections  are  also  made  laterally  to  the 
tendon  of  the  biceps,  in  order  to  reach  the  cutaneous  branches  of  the 
musculocutaneous  and  the  radial  nerves. 

In  my  experience  it  is  never  painful  to  thrust  the  thin,  sharp  point 
of  a  needle  into  a  healthy  nerve  and  slowly  inject  an  anesthetic  solution, 
provided  the  nerve  is  held  slack,  so  that  the  injection  may  be  made 
into  it  without  the  slightest  traction  upon  its  fibers.  An  injection  into 
a,  nerve  that  is  being  stretched  is  painful.  In  case  a  lymphangitis  has 
extended  to  the  nerve-sheath,  endoneural  injections  are  certainly  always 
very  painful.  If,  for  example,  one  should  want  to  disarticulate  the 
third  finger  and  amputate  its  metacarpal  bone,  a  perineural  injection 
of  No.  3  or  No.  4  is  made  around  the  ulnar  nerve,  behind  the  internal 
condyle  of  the  humerus,  and  around  the  cutaneous  branches  of  the 
radial  nerve,  above  the  styloid  process  of  the  radius,  and  also  an  endo- 
neural injection  into  the  median  nerve  above  the  wrist,  or,  in  case  of  a 
lymphangitis  extending  from  the  hand  into  the  forearm,  in  the  upper 
arm.  The  median  and  the  ulnar  nerves  may  also  be  rendered  insensi- 
tive by  a  pericutaneous  perineural  injection  around  them  just  above 
the  wrist. 

For  operations  about  the  fingers  an  injection  of  solution  No.  2  or  3 
should  be  made  around  a  basal  phalanx,  taking  care  to  place  the  most 
of  the  solution  around  the  four  nerves  of  the  fingers.  In  operations 
at  a  level  with  the  metacarpophalangeal  articulations  solution  No.  3 
should  be  injected  in  a  transverse  band  subfascially  and  subcutaneously 
in  the  palm  and  in  the  dorsum  of  the  hand. 

For  an  amputation  of  the  upper  arm,  local  anesthesia  of  the  perios- 
teum, the  muscles,  and  their  intervening  spaces  of  connective  tissue, 
the  subcutaneous  tissue,  and  the  integument  may  be  produced  by  solu- 
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tion  No.  1.  In  the  course  of  the  operation,  as  the  large  nerves  are  laid 
bare,  each  should  receive  an  injection  of  solution  No.  3  or  4.  Resection 
of  the  shoulder-joint  is  best  done  under  general  narcosis  or  under  com- 
bined local  and  general  anesthesia.  For  disarticulation  of  the  entire 
arm,  or  of  the  arm  with  the  shoulder-girdle,  it  is  always  best  to  start 
with  laying  bare,  under  local  anesthesia,  the  brachial  plexus,  and 
to  inject  No.  3  or  4  into  each  of  its  nerve-trunks,  making  at 
the  same  time  a  temporary  compression  upon  the  subclavian  artery 
(Crile).  To  disarticulate  the  arm  alone  there  is  then  no  need  of  narcosis. 
If,  also,  the  shoulder-girdle  is  to  be  extirpated,  then  at  an  abundantly 
long  time  before  the  operation  local  anesthesia  should  be  produced 
along  the  greater  extent  of  the  skin  incision.  During  the  operation 
a  light  ether  narcosis  is  produced  when  the  scapular  muscles  are  to  be 
divided.  The  rest  of  the  operation  is  painless  without  narcosis.  The 
third  portion  of  the  subclavian  or  the  axillary  vessels  and  nerves  can 
also  be  operated  upon  painlessly. 

The  Thorax. — One  should  remember  that  the  sternum,  the  ribs, 
and  the  costal  cartilages  have  no  sensation  after  the  periosteum  and  the 
perichondrium  have  been  scraped  off  and  that  the  parietal  pleura  and 
pericardium  have  a  very  highly  developed  sensation.  The  connective 
tissue  behind  the  costal  cartilages  in  front  of  the  pericardium  is,  ac- 
cording to  my  observations,  very  sensitive  to  pain,  which  well  accords 
with  the  researches  of  Ramstrom.  He  found  a  continuous  chain  of 
rich  anastomosis  between  the  intercostal  nerves  in  the  triangularis 
sterni  muscle.  Probably  all  the  connective  tissue  in  the  mediastinum 
is  endowed  with  the  sense  of  pain  (the  phrenic  and  the  intercostal 
nerves).  The  areas  of  distribution  of  the  intercostal  nerves  within 
the  thoracic  wall  overlap  one  another,  so  that,  for  example,  the  area 
supplied  by  the  third  nerve,  schematically  viewed,  borders  everywhere 
upon  that  supplied  by  the  fifth  nerve,  the  conjoint  area  of  distribution 
of  both  of  these  nerves  consequently  completely  covering  that  of  the 
fourth  nerve.  One  has,  therefore,  at  every  point  of  the  thorax  to  take 
into  account  an  innervation  from  at  least  two  nerves.  Every  rib  is 
innervated  both  from  the  intercostal  nerve  lying  above  it  and  from  that 
running  along  its  lower  border. 

It  is  very  easy  to  perform  pleurotomy  and  pericardiotomy  pain- 
lessly. To  this  end  it  is  only  necessary  to  infiltrate  with  solution 
No.  1  the  tissues  from  the  pleura  or  pericardium  out  to  the  integument. 
To  resect  a  rib  it  is  best  liberally  to  infiltrate  the  periosteum  on  the 
outer  surface  of  the  rib,  the  muscles,  and  the  subcutaneous  tissue  with 
No  1  for  the  entire  length  of  the  intended  incision.  When,  in  the  course 
of  the  operation,  the  periosteum  has  been  loosened  from  the  outer  sur- 
face of  the  rib,  solution  No.  3  should  then  be  injected  along  the  lower 
and  upper  border  of  the  rib  to  the  full  length  of  the  incision,  and  also 
some  distance  behind  it,  i.  e.,  proximally  to  the  incision.  One  will 
then  soon  be  able  painlessly  to  detach  the  periosteum  from  the  posterior 
surface  of  the  rib,  etc. 

If  two  or  more  ribs  are  to  be  resected,  it  is  best  to  make  a  perineural 
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injection  around  three  or  more  intercostal  nerves.  At  the  angle  of  the 
rib  the  intercostal  nerves  are  close  to  the  lower  border  of  each  rib.  The 
nerve,  the  artery,  and  the  vein  are  enclosed  in  a  sheath  derived  from 
the  internal  intercostal  muscle  between  the  two  ribs  in  question.  The 
internal  intercostal  muscles  begin,  as  we  know,  at  the  angles  of  the  ribs, 
and  extend  forward  to  the  sternum.  In  this  muscular  sheath,  lodged 
in  a  groove  on  the  inner  surface  of  the  rib,  the  vein  is  highest,  then  the 
artery,  while  the  nerve  is  at  the  bottom,  lying  just  on  the  inner  side 
of  the  lower  border.  More  anteriorly,  on  the  thoracic  wall,  the  ribs 
become  gradually  altered  in  shape.  The  sulci  are  obliterated  and  dis- 
appear at  the  middle  of  the  ribs.  Simultaneously,  there  occurs  a 
downward  displacement  of  the  vein,  artery,  and  nerve,  so  that  they 
are  found  from  above  downward  in  the  order  named  in  the  middle 
of  the  costal  interspace,  and  now  running  between  the  internal  and 
external  intercostal  muscles.  (Compare  Fig.  397  in  Poirier's  and 
Charpy's  "Anatomie,"  T.  i,  and  Figs.  579  and  580  in  T.  iii.)  To  do  a 
perineural  injection  a  long  needle  with  a  short  beveled  point  is  intro- 
duced from  behind  forward,  parallel  to  a  rib,  the  operator  aiming  to 
reach  the  lower  border  just  in  front  of  the  angle.  The  point  of  the  needle 
is  now  lowered  just  enough  to  pass  under  the  border  of  the  rib  to  its 
inner  surface.  Here  the  injection  is  made  while  the  needle  is  being 
pushed  forward.  It  is  difficult  to  reach  the  nerve  with  certainty,  and 
for  this  reason  solution  No.  4  should  be  used.  The  twelfth  intercostal 
nerve  varies  so  much  in  its  location  that  it  is  scarcely  possible  to  reach 
it  in  this  manner.  Sellheim  has,  therefore,  developed  a  method  by 
which  he  has  succeeded  in  anesthetizing  this  nerve  and  the  upper  lumbar 
nerves  through  percutaneous  injections  of  cocain  around  the  nerves  in 
the  intervertebral  foramina.  It  is  necessary,  first,  to  practice  on  the 
cadaver  with  injections  of,  for  example,  India  ink.  Should  these  peri- 
neural injections  of  Sellheim's  prove  successful,  and  should  they  also 
be  found  to  be  harmless,  causing  no  injury  to  the  nerves  and  being 
followed  by  no  dangerous  diffusion  of  the  novocain-adrenalin  solution 
into  the  subarachnoid  space,  then  they  ought  to  become  of  great  im- 
portance and  seriously  to  compete  with  spinal  anesthesia  in  a  class  of 
cases  in  which  the  results  of  that  anesthesia  are  very  uncertain.  Within 
the  area  of  those  nerves  which  were  reached  by  the  injections  a  complete 
anesthesia  of  very  long  duration  would  be  produced  over  the  entire  one- 
half  of  the  abdomen  (for  appendicitis,  kidney,  ureter,  gall-bladder,  and 
gall-duct  operations,  etc.).  Animal  experiments  ought  to  be  made  in 
order  to  decide  this. 

In  doing  a  plastic  operation  posteriorly  on  the  thoracic  wall  it  is 
best  to  make  the  incision  in  such  a  direction  as  to  lay  bare,  under  local 
anesthesia,  one  intercostal  nerve  after  another,  and  to  inject  each 
nerve  separately.  The  previously  described  percutaneous  perineural 
injections  at  the  angles  of  the  ribs  do  not  produce  anesthesia  of  the  in- 
tegument and  of  the  muscles  of  the  back  from  the  midline  to  far  beyond 
the  costal  angles,  as  those  parts  are  innervated  by  the  posterior  divisions 
of  the   dorsal   nerves.     These,   from   which   the   posterior  cutaneous 
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branches  are  derived,  are  given  off  from  the  dorsal  nerves  in  the  inter- 
vertebral spaces. 

When  hesitating  between  local  and  regional  anesthesia  about  the 
thorax,  one  has  always  to  recollect:  (1)  the  origin  and  distribution  of  the 
perforating  branches;  (2)  the  numerous  nerves  derived  from  the  brachial 
and  cervical  plexuses.  (See  Figs.  539,  540,  and  581  in  Poirier's  and 
Charpy's  "  Anatomie,"  T.  iii.) 

In  1907  I  twice  performed  laminectomy  in  spinal  tuberculosis 
under  local  anesthesia.  While  the  patients  were  in  bed  I  injected  solu- 
tion No.  1  from  the  deeper  tissues  successively  outward  toward  the 
surface.  First,  with  the  needle,  I  followed  carefully  the  posterior  sur- 
face of  each  arch,  in  order  to  anesthetize  the  periosteum  of  the  arches, 
and  then  injected  the  muscles  and  the  subcutaneous  tissue.  After  a 
half-hour  the  patients  were  removed  to  the  operating-table.  The  first 
operation  was  absolutely  painless.  In  this  case  the  arches  were  widely 
tuberculous,  and  a  cheesy  mass  filled  the  spinal  canal,  pressing  upon 
the  dura  mater.  In  the  second  case  the  arches  were  healthy  and  the 
periosteum  on  the  anterior  surface  of  the  arches  retained  its  sensation. 
In  a  similar  operation  in  the  future  it  ought  to  be  easy  after  laying 
bare  the  arches  to  inject  solution  No.  3  between  them,  thus  render- 
ing the  anterior  periosteum  and  the  remaining  connective  tissue  behind 
the  dura  insensible! 

The  Mamma. — Abscesses  may  be  opened  and  benign  tumors  ex- 
tirpated under  local  anesthesia.  In  operations  for  malignant  tumors 
of  the  breast  local  anesthesia  is  not  suitable.  The  circumstances  might, 
however,  be  such  that  one  will  have  to  try  it — e.  g.f  in  a  case  of  serious 
disease  of  the  heart  and  lungs. 

The  Abdominal  Wall. — One  has  to  remember,  as  in  the  case 
of  the  thoracic  wall,  that  the  cutaneous  nerves  are  derived  from 
the  posterior,  middle,  and  anterior  perforating  nerves,  and  that 
the  areas  of  adjoining  sensory  nerves  overlap  each  other.  WThen  I 
first  wrote  on  the  sensibility  of  the  abdominal  cavity  (1901),  works  on 
anatomy  scarcely  contained  any  information  about  the  nerves  of  the 
parietal  peritoneum  beyond  the  statement  that  the  phrenic  nerve  sent 
a  branch  through  the  slit  between  the  sternal  and  the  costal  portion  of 
the  diaphragm,  and  that  it  supplied  the  parietal  peritoneum  with  sensory 
nerves  as  low  down  as  the  navel  (Luschka).  Through  my  researches 
it  became  established  that  the  parietal  peritoneum  is  not  only  very 
sensitive  to  pain,  but  also  that  it  is  undoubtedly  innervated  from  the 
nearest  intercostal,  lumbar,  and  sacral  nerves,  because  in  a  lateral 
laparotomy,  either  in  the  upper  or  in  the  lower  part  of  the  abdominal 
wall,  when  two  or  more  of  the  large  nerves  had  been  cocainized,  or  when 
all  the  nerves  had  been  severed,  the  parietal  peritoneum  medially  to 
the  incision  was  always  found  to  be  insensible,  at  least  that  part  which 
corresponded  to  the  middle  of  the  incision.  Ramstrom  (1904-1906) 
has  given  a  complete  account  of  the  innervation  of  the  diaphragm 
and  of  the  subserosa  and  serosa  of  the  anterior  abdominal  wall. 
It  is  necessary  to  be  acquainted  with  these  researches  in  order  sue- 
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cessfully  to  produce  local  anesthesia  of  the  abdominal  wall,  and  not 
to  expect  too  much  from  the  subarachnoid  anesthesia.  Ramstrom  has 
shown  that  the  phrenic  nerve  alone  is  the  motor  nerve  for  the  entire 
diaphragm,  and  that  it  gives  off  sensory  branches  to  its  entire  pleural 
investment,  and  also  to  its  entire  peritoneal  investment,  excepting  at  the 
rim,  where  both  the  pleura  and  the  peritoneum  receive  sensory  branches 
from  the  fifth  to  the  twelfth  intercostal  nerves.  He  never  succeeded  in 
tracing  these  nerve-filaments  farther  into  the  diaphragmatic  peritoneum 
than  to  a  point  corresponding  to  the  outer  third  of  the  distance  be- 
tween the  thoraco-abdominal  wall  and  the  central  tendon;  and  he  did 
not  find  a  single  filament  from  the  phrenic  nerve  running  over  the 
anterior  abdominal  wall. 

Ramstrom  did  not  ascertain  whence  the  connective  tissue,  the  sub- 
serosa,  and  the  serosa  in  front  of  the  dorsolumbar  portion  (the  crura) 
of  the  diaphragm  receive  their  sensory  nerves.  Until  this  is  known, 
one  has  a  right  to  presume  that  the  phrenic  nerves,  as  well  as  the  inter- 
costal and  lumbar  nerves,  give  off  sensory  branches  to  this  part  of  the 
abdominal  wall. 

These  investigations  of  Ramstrom  on  the  innervation  of  the  dia- 
phragm lead  to  the  conclusion  that  in  subarachnoid  anesthesia  we 
should  not  count  upon  being  able  to  exert  traction  upon  the  liver  or 
turn  it  over,  or  stretch  upon  the  cardiac  orifice  of  the  stomach  or  the 
esophagus,  etc.,  without  causing  pain,  unless  the  cutaneous  anesthesia 
extends  up  on  the  neck  at  a  level  with  the  origin  of  the  phrenic  nerve 
in  the  spinal  cord,  in  which  event  a  respiratory  failure  is  to  be  feared. 

From  Ramstrom's  descriptions  and  figures  we  find  that  the  main 
trunks  of  the  abdominal  nerves  run  in  the  abdominal  wall  upon  the  trans- 
versalis  muscle,  between  it  and  the  internal  oblique.  Far  to  each  side, 
between  the  ribs,  the  lateral  perforating  nerves  are  given  off,  each  of 
which  is  composed  of  a  large  muscular  branch  to  the  external  oblique 
muscle,  running  mediocaudad  in  the  direction  of  the  muscle-fibers 
and  of  large  cutaneous  branches.  Upon  and  within  the  transversalis 
muscle  all  the  abdominal  nerves  (the  intercostal,  iliohypogastric,  ilio- 
inguinal) are  united  by  very  numerous  anastomoses  between  each  two 
adjacent  nerves.  It  is  from  these  anastomoses  that  the  majority  of  the 
peritoneal  nerves  are  derived.  They  penetrate  into  the  subserosa, 
either  through  the  transversalis  itself  or,  in  a  much  greater  number, 
through  the  aponeurosis  of  that  muscle  in  the  vicinity  of  the  linea 
semilunaris.  Hence  the  peritoneal  nerves  generally  pursue  a  course 
in  a  medial  or  a  mediocephalad  direction  until  they  approach  the 
vicinity  of  the  linea  alba,  when  they  often  turn  around  in  a  direction 
purely  cephalad  or  purely  caudad.  The  peritoneal  nerves  are  very 
numerous  in  the  anterior  abdominal  wall.  They  form  a  deep-seated* 
plexus  of  coarser  filaments  in  the  subserosa  adjoining  the  sheath 
of  the  rectus  and  the  rectus  muscle,  and  a  superficial  plexus  of 
fine  filaments  running  just  beneath  the  peritoneal  epithelium.  In 
the  epigastrium  the  peritoneum  is  innervated  from  the  sixth  to  the 
eighth,  immediately  above  the  navel  from  the  tenth,   immediately 
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below  the  navel  from  the  tenth  and  eleventh,  and  farther  down  from 
the  eleventh  and  twelfth  intercostal  nerves,  while  the  recti  muscles 
above  the  navel  receive  no  branches  from  the  tenth  intercostal  nerve. 
All  the  filaments  from  this  nerve  go  to  the  rectus  muscle  below  the  navel. 
The  filaments  from  the  eleventh  and  twelfth  intercostal  nerves  to  the 
recti  muscles,  extending  down  as  far  as  the  symphysis,  pursue  an 
almost  purely  caudad  (vertical)  course  in  these  muscles.  On  seeing  the 
rich  nerve  plexuses  as  they  appear  in  Ramstrdm's  illustrations  in  the 
subserosa  and  the  serosa  from  the  linea  semilunaris  to  the  linea  alba, 
and  the  numerous  nerve-filaments  extending  over  a  large  part  or  over 
the  whole  of  this  area,  one  will  readily  understand  why  the  parietal 
serosa  is  so  sensitive. 

To  obtain  complete  loss  of  sensation  of  the  serosa  in  the  epigastrium 
with  subarachnoid  anesthesia  necessitates  a  paralysis  of  the  sensory 
nerve-roots  in  the  subarachnoid  space,  up  to  a  level  with  the  spinous 
process  of  the  third  vertebra. 

I  have  previously  (p.  1063)  described  the  technic  of  local  anesthesia 
for  abdominal  section  in  the  linea  alba  and  in  the  medial  portion  of 
the  sheath  of  the  rectus.  For  abdominal  section  in  the  lateral  portion 
of  the  sheath  of  the  rectus  solution  No.  1  is  likewise  injected  through 
the  rectus  muscle  to  its  posterior  surface,  and  also  beneath  the  anterior 
lamella  in  front  of  the  muscle.  One  should  also  make  an  effort  to  deposit 
a  stratum  of  No.  1  around  the  lateral  border  of  the  rectus.  An  injection 
is  therafter  made  into  the  subcutaneous  connective  tissue,  partly  im- 
mediately over  the  anterior  sheath  of  the  rectus  and  partly  close  to  the 
skin.  In  lateral  incision  of  the  sheath  of  the  rectus,  as  I  have  described 
it,  one  should  attempt  to  save  the  nerves  going  to  the  rectus.  They 
come  into  view  as  soon  as  the  muscle  is  drawn  inward.  In  case  these 
nerves  be  not  deadened,  inject  a  few  drops  of  No.  2  in  each  nerve  as  far 
outward  (proximally)  as  possible,  and  then  separate  the  nerves  upward 
or  downward,  all  according  to  their  course.  The  parietal  peritoneum 
between  the  nerves  will  then  be  rendered  insensible.  In  operations 
above  the  semilunar  fold  of  Douglas  it  will  be  necessary  in  most  cases 
to  make  an  injection  of  No.  1  or  of  J  per  cent,  novocain-adrenalin  be- 
tween the  posterior  sheath  of  the  rectus  and  the  peritoneum  after  the 
rectus  has  been  drawn  inward. 

In  oblique  or  transverse  incisions  laterally  to  the  sheath  of  the  rectus 
one  should  bear  in  mind  that  the  main  nerve-trunks,  together  with 
richly  developed  anastomoses,  are  situated  on  the  external  surface  of 
the  transversalis.  One  should,  therefore,  attempt  to  deposit  a  liberal 
amount  of  No.  1  or  No.  2  between  the  transversalis  and  the  internal 
oblique  laterally  (i.  e.,  proximally)  to  the  intended  incision,  and  upward 
and  downward  in  relation  to  its  lateral  (posterior)  end.  It  is  consequently 
intended  with  this  injection  to  reach  the  abdominal  nerves  and  their 
anastomoses  as  centrally  as  possible;  in  other  words,  to  produce  a  regional 
anesthesia.  But  as  this  is  rather  uncertain,  the  injection  of  No.  1  be- 
tween the  transversalis  and  the  internal  oblique  is  continued  forward  to 
the  end  of  the  incision.     One  should  never  attempt  to  deposit  the  solu- 
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tion  within  the  subserosa,  because  in  so  doing  one  might  perforate  the 
peritoneum  and  wound  the  intestines  or  other  viscera.  A.  E.  Barker 
uses  for  deep  injections  of  the  abdominal  wall  blunt  needles  with  per- 
forations at  the  sides.  Having  done  the  injections  between  the  trans- 
versalis  and  the  internal  oblique,  one  has  then  to  inject  No.  1  into 
the  external  oblique,  following  the  direction  of  its  fibers  to  the  full 
length  of  the  intended  incision,  and  likewise  into  the  subcutaneous 
tissue  parallel  with  the  direction  of  the  fibers  of  the  integument,  because 
the  nerves  which  supply  the  external  oblique  and  the  skin  are  given  off 
so  far  toward  the  back  that  it  is  not  likely  they  have  been  reached 
by  the  solution  injected  between  the  two  deep  abdominal  muscles. 
Then  wait  for  at  least  one-half  hour.  In  case  the  injections  have  suc- 
ceeded well,  even  the  parietal  peritoneum  will  now  have  been  made 
insensible.  If  not,  another  injection  of  No.  1  is  made  after  the  trans- 
versalis  has  been  divided.  If,  after  opening  the  abdomen,  it  is  found 
that  the  serosa  is  not  insensible  to  a  sufficiently  large  extent  around  the 
wound,  then,  as  previously  described,  injections  are  to  be  made  in  the 
subserosa  all  around  the  wound,  under  the  control  of  a  finger  in  the 
abdominal  cavity.  Every  attempt  at  traction  upon  attachments  of 
mesenteries  and  adhesions  to  the  abdominal  wall  being  painful,  com- 
paratively few  abdominal  operations  may  be  done  under  local  anesthesia 
alone.  I  mention  among  them  exploratory  laparotomies  for  cancer  of 
the  stomach,  etc.,  for  ascites,  Talma's  operation,  operation  for  tubercu- 
lous peritonitis  in  simple  cases,  gastrostomies,  cholecystostomies,  if  the 
gall-bladder  be  easily  accessible,  enterostomies,  typhlostomies,  opera- 
tions for  fistulas  of  the  stomach  and  intestines,  simple  extirpations  of 
the  appendix,  simple  cases  of  volvulus,  simple  cases  of  subserous  myo- 
mata  and  of  pedunculated  ovarian  tumors,  encapsulated,  purulent 
exudates,  even  subphrenic  ones,  when  easily  accessible.  In  many  in- 
stances it  is  possible  to  perform  important  operations  painlessly  by 
combining  local  anesthesia  with,  for  example,  ether  narcosis,  as  in 
intestinal  resections  for  stenosis  or  tumors.  There  is  then  no  need 
of  narcosis  for  the  resection  and  suturing  of  the  intestine,  but  only 
for  the  pain  incident  to  examination  of  the  abdominal  cavity  and 
traction  upon  the  intestine.  During  the  decade  of  1890-99  I  have 
operated  upon  a  large  number  of  incarcerated  and  many  reducible 
hernias  under  local  anesthesia,  and  since  Cushing,  in  1900,  published 
his  method  of  local  and  regional  anesthesia  in  operations  for  inguinal 
hernia,  I  have  made  it  a  rule  to  operate  upon  all  varieties  of  hernia 
under  local  anesthesia. 

Inguinal  Hernia. — The  region  of  these  hernias  is  innervated  from 
the  iliohypogastric,  ilio-inguinal,  and  genitocrural  nerves.  Their  posi- 
tion in  the  abdominal  wall  is  not  constant.  Often  no  more  than  two 
nerves  are  to  be  found.  In  that  event  the  ilio-inguinal  nerve  has 
joined  a  portion  of  the  genitocrural  nerve,  to  form  the  external  sper- 
matic nerve,  a  name  used  collectively  to  designate  those  cerebrospinal 
nerves  which  innervate  the  spermatic  cord,  together  with  the  cremaster 
muscle  and  the  parietal  portion  of  the  tunica  vaginalis  propria.  In 
vol.  v— 68 
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these  operations  a  large  nerve  is  found  most  often  outward  and 
upward  in  the  incision,  between  the  internal  oblique  and  the  ap- 
oneurosis of  the  external  oblique.  This  nerve  becomes  subcutaneous 
a  little  above  and  to  the  outer  side  of  the  external  abdominal  ring,  and 
sends  branches  to  supply  the  integument  over  a  great  portion  of  this 
region.  This  nerve  is  the  iliohypogastric.  Lower  down  in  the  incision, 
often  as  far  down  as  toward  the  furrow  of  Poupart's  ligament,  one  or 
two  additional  nerves  are  to  be  found,  also  resting  upon  the  internal 
oblique  muscle — "the  external  spermatic  nerve"  (see  above).  This 
nerve  emerges,  together  with  the  spermatic  cord,  through  the  external 
abdominal  ring. 

We  inject  No.  1  solution  deep  into  the  abdominal  wall,  outward  and 
upward,  corresponding  to  the  intended  skin  incision.  We  thereafter 
inject  the  same  solution  between  the  aponeurosis  of  the  external  ob- 
lique and  that  of  the  internal  oblique,  with  the  intention  of  deposit- 
ing the  solution  around  the  nerves  just  mentioned.  Thereafter  we 
make  a  subcutaneous  injection  in  the  extension  of  the  skin  incision  and 
wait  for  half  an  hour. 

One  will  always  find  complete  loss  of  sensation  of  the  skin,  sub- 
cutaneous tissue,  and  aponeurosis.  In  case  the  cord  be  also  completely 
insensible,  there  is  no  need  of  making  an  endoneural  injection.  Other- 
wise from  0.5  to  1  cc.  of  No.  2  should  be  injected  into  every  nerve 
in  sight.  As  soon  as  this  has  been  done,  one  should  immediately  pick 
up  the  neck  of  the  hernial  sac.  If  it  be  not  anesthetized,  solution  No.  1 
is  to  be  carefully  injected  in  the  subserosa  above  and  laterally  to  it. 
The  hernial  sac  is  thereafter  opened  at  the  neck,  and  in  case  traction 
upon  the  parietal  peritoneum  should  still  cause  pain,  a  liberal  injection 
of  No.  1  is  made  in  the  subserosa  of  the  entire  upper  and  lateral  vicinity 
of  the  neck  of  the  sac,  under  the  guidance  of  a  controlling  finger  in  the 
abdominal  cavity.  Another  place  which  may  not  always  be  found  to 
have  become  anesthetized  is  the  region  around  the  pubic  spine,  which, 
aside  from  the  above-named  nerves,  may  also  be  innervated  from  the 
twelfth  intercostal  at  the  attachment  of  the  rectus  muscle.  The  sen- 
sitiveness in  this  situation  should,  therefore,  now  be  ascertained,  and, 
if  necessary,  an  injection  be  made  into  the  periosteum  above  and  below 
the  bone.  The  hernial  sac  is  amputated  at  the  neck,  the  peritoneum 
is  drawn  sufficiently  forward  and  sutured  under  control  of  the  eye. 
Small  hernial  sacs  are  extirpated;  larger  ones  are  left  behind.  It  is  of 
great  advantage  in  these  operations  to  lay  bare  the  nerves.  By  so 
doing  they  are  seen  and  respected  and  none  of  the  larger  branches  are 
severed.  It  is  of  great  importance  not  to  destroy  the  external  spermatic 
nerve,  as  the  cremaster  muscle  would  be  paralyzed  permanently. 

Femoral  Hernia. — After  a  local  injection  the  hernial  sac  is  laid 
bare.  Then  an  injection  is  made  around  the  neck  of  the  sac,  in  order 
to  anesthetize  the  adjacent  portion  of  the  parietal  peritoneum.  One 
can  also  do  a  regional  anesthesia.  In  that  case  the  skin  is  first  incised 
above  Poupart's  ligament  under  local  anesthesia;  a  small  opening  is 
made  in  the  aponeurosis  of  the  external  oblique,  and  solution  No.  2 
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injected  into  the  ilio-inguinal  and  genitocrural  nerves.  Then  follows 
the  incision  over  the  hernia,  the  laying  bare  of  the  hernial  sac,  and  the 
injection  around  the  neck  of  the  sac. 

Umbilical  and  Ventral  Hernias. — The  abdominal  wall  is  ren- 
dered insensitive  in  the  manner  previously  described  for  abdominal 
section.  In  case  of  umbilical  hernia  and  ventral  hernia  in  the  median 
line,  as  soon  as  the  hernial  sac  is  opened,  a  careful  injection  of  No.  1  is 
made  into  the  subserosa  of  the  abdominal  wall  around  the  hernia  under 
control  of  a  finger  in  the  abdominal  cavity.  In  other  ventral  hernias 
one  need  only  anesthetize  the  subserosa  above  and  at  the  sides  of  the 
hernia. 

Suprapubic  cystotomy  is  an  operation  which,  in  most  cases, 
may  be  performed  painlessly  when  it  is  a  question  of  only  the 
removal  of  a  stone  or  pedunculated  tumor,  or  for  simple  drainage 
of  the  bladder.  Suppose  that  it  is  desired  to  make  a  transverse 
incision  through  the  skin  and  a  longitudinal  one  in  the  linea 
alba.  A  sufficient  number  of  wheals  having  been  produced,  inject 
some  of  solution  No.  1  or  No.  2  into  the  loose  connective  tissue 
behind  the  linea  alba,  between  the  peritoneum  and  the  posterior  sur- 
face of  the  symphysis;  then  make  a  deep  and  a  superficial  injection 
in  the  linea  alba,  and  so  in  the  subcutaneous  tissue;  also  in  two  layers, 
viz.,  close  to  the  aponeurosis  and  close  to  the  integument.  In  most 
cases  suprapubic  cystotomy  appears  to  be  a  painless  operation,  even 
with  an  anesthesia  of  the  abdominal  wall  only,  as  just  described;  but 
if  the  bladder  be  very  irritable  it  may  happen  that  every  stitch  in 
suturing,  or  the  very  grasping  of  the  edges  of  the  bladder  incision  with 
forceps,  or  touching  the  inside  of  the  bladder  with  a  finger  will  cause 
intense  pain,  which  the  patient  does  not  refer  to  the  operative  field 
above  the  symphysis,  but  to  the  entire  urethra,  and,  above  all,  to  the 
meatus  urinarius,  to  the  entire  perineum,  and  to  the  lower  portion  of 
the  rectum  (the  pudic  nerves). 

If,  in  the  patient's  anamnesis,  reference  be  made  to  a  frequent  and 
intense  desire  to  urinate  or  to  pains  of  the  above  nature,  then  the  anes- 
thetizing of  the  interior  of  the  bladder  and  of  the  urethra,  which  I  shall 
next  describe,  should  be  combined  with  that  of  the  abdominal  wall, 
or  perhaps,  better  still,  subarachnoid  anesthesia  may  be  employed. 

In  order  to  render  the  interior  of  the  bladder  insensitive,  for  example, 
to  the  crushing  of  a  stone  or  an  instillation  of  nitrate  of  silver,  the 
bladder,  according  to  Braun,  should  be  filled  with  150  cc.  of  a  0.1  per 
cent,  cocain  solution,  to  which  have  been  added  from  20  to  25  drops  of 
adrenalin.  Within  from  fifteen  to  thirty  minutes  the  bladder  has  be- 
come anesthetized.  In  case  of  a  painful,  contracted  bladder,  it  is  best, 
at  least  one-half  hour  before  the  cocainization,  to  insert  in  the  rectum 
a  suppository  of  0.01  or  0.015  gm.  morphin,  and  0.03  gm.  extract  of 
belladonna.  The  solution  of  0.1  per  cent,  cocain  (150  cc.)  wTith  from 
20  to  25  drops  of  adrenalin  is  to  be  kept  at  body  heat  in  a  glass  irri- 
gator or  in  a  funnel,  and  should  be  allowed  to  run  very  slowly.  As 
soon  as  a  bladder  contraction  occurs,  the  solution  is  allowed  to  run 
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back  and  the  tube  is  shut  off.  The  tube  is  alternately  opened  and 
closed,  while  one  patiently  attempts  to  introduce  into  the  bladder  as 
much  of  the  solution  as  possible,  and  to  keep  it  there  until  the  con- 
tractions cease,  when  the  purpose — the  anesthesia  of  the  bladder — 
has  been  attained.  This  will  far  from  always  succeed.  The  operator, 
however,  must  not  yield  to  the  temptation  of  employing  stronger  solu- 
tions of  cocain.  He  should  bear  in  mind  the  numerous  cases  of  poison- 
ing, and  even  death,  following  injections  of  strong  solutions  of  cocain 
into  the  urethra  and  the  bladder.  As  I  have  just  remarked,  it  may 
be  perfectly  justifiable  to  resort  to  subarachnoid  anesthesia  in  order 
to  render  the  bladder  insensitive. 

Penis  and  Urethra. — The  penis  receives  its  nervous  supply  from 
the  pudic  nerves.  The  integument,  prepuce,  and  urethra  are  very 
sensitive.  Whether  the  corpora  cavernosa  possess  any  sensibility 
in  places  where  they  have  been  dissected  free  from  the  adjacent  connec- 
tive tissue  I  cannot  say.  It  is  possible  that  their  tunica  albuginea  has 
sensation,  but  their  inner  part — the  cavernous  tissue — surely  has  none. 

Urethra. — In  order  to  anesthetize  the  urethra,  a  Nelaton  catheter 
is  introduced  into  the  bladder,  and  thereafter  withdrawn  to  a  point 
where  the  urine  ceases  to  pass  through  it.  Then  from  5  to  7  cc.  of 
solution  No.  4  are  injected  very  slowly,  the  catheter  is  removed,  and 
the  meatus  kept  closed  for  from  ten  to  fifteen  minutes.  In  cases  of  so- 
called  impermeable  strictures,  a  liberal  amount  of  solution  No.  4  with 
two  drops  of  adrenalin  to  every  cubic  centimeter  should  be  injected. 
When  the  meatus  has  been  kept  closed  for  fifteen  minutes,  it  will  be 
possible,  as  a  rule,  to  pass  a  director  through  the  stricture.  In  case 
a  fine  catheter  can  be  passed,  the  posterior  portion  of  the  urethra  is 
then  anesthetized  in  the  same  manner.  The  dilatation  of  the  stricture 
may  now  be  accomplished  almost  painlessly.  According  to  Reclus, 
even  internal  urethrotomy  may  be  painlessly  performed.  This  I  have 
not  tried,  but  an  external  urethrotomy  may7  readily  be  done  under  local 
anesthesia.  The  urethra  is  first  rendered  insensitive  in  the  manner 
already  described.  Then  solution  No.  2  is  injected  into  the  tissues 
between  the  rectum  on  one  side,  and  the  bulbous,  the  membranous, 
and  the  lowermost  part  of  the  prostatic  portions  of  the  urethra  on 
the  other.  This  is  done  under  the  control  of  a  finger  in  the  rectum. 
Then  the  same  solution  is  injected  beneath  and  at  the  sides  of  the 
corpus  spongiosum,  i.  e.,  in  the  bulbocavernosus  muscle,  to  the  extent 
of  the  intended  incision.  Thereafter  an  injection  is  made  in  the  sub- 
cutaneous tissue.  In  suitable  cases  one  may,  naturally,  just  as  well  do 
a  resection  of  the  stricture,  with  suturing  of  the  urethra,  as  a  simple 
incision  of  the  stricture. 

Upon  the  pendulous  portion  all  operations  may  be  performed  pain- 
lessly by  doing  a  perineural  injection  of  solution  No.  2  or  3  around  each 
dorsal  nerve  of  the  penis,  at  a  point  where  the  nerves  emerge  through 
the  suspensory  ligament,  and  a  circular  injection  in  the  tunica  albuginea 
of  the  corpora  cavernosa,  and  also  in  the  subcutaneous  tissue  at  the 
root  of  the  penis,  to  paralyze  such  sensory  nerves  which  either  are 
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derived  from  the  scrotal  nerves  or  which  are  given  off  from  the  dorsal 
nerves  more  proximally. 

In  operations  for  phimosis  and  paraphimosis  sl  perineural  injection, 
in  the  manner  described,  is  made  around  each  of  the  dorsal  nerves,  fol- 
lowed by  an  injection  of  No.  2  transversely  in  the  tunica  albuginea  of 
the  corpus  spongiosum,  to  the  extent  of  from  1.5  to  2  cm.,  and  in  the 
subcutaneous  tissue  and  in  the  skin,  one  centimeter  behind  the  frenum. 

For  meatotomy,  either  the  above-mentioned  transverse  injection  is 
made  behind  the  frenum,  or  solution  No.  3  is  injected  directly  into  the 
lower  urethral  wall. 

Scrotum  and  Testes. — The  scrotum  is  believed  to  be  innervated 
partly  from  the  lumbar  plexus  (the  " external  spermatic"  nerve)  and 
partly  from  the  sacral  plexus.  It  is,  however,  plain  that,  either  the 
statement  as  to  the  innervation  of  the  scrotum  from  the  lumbar  plexus 
(Thane,  in  Quain's  " Anatomy")  is  incorrect,  or  else  its  innervation 
varies.  There  are  authentic  cases  (Kocher,  Cushing)  in  which  the 
scrotum  has  been  innervated  from  the  sacral  plexus  alone.  Schwalbe, 
Rauber,  Bardeleben,  and  I,  from  my  own  experience  with  local  anes- 
thesia of  the  scrotum,  confirm  this  view  about  the  sensibility  of  the 
testes.  According  to  my  investigations,  those  portions  of  the  testicle 
and  epididymis  which  are  invested  with  serous  membrane  have  no  sen- 
sation ;  the  parietal  portion  of  the  tunica  vaginalis  propria  is  endowed 
with  sensation,  and  so  also  is  the  spermatic  cord. 

The  entire  scrotum,  together  with  its  contents,  is  easily  anesthetized. 
First  an  injection  of  No.  2  or  3  is  made  into  and  closely  around  each 
spermatic  cord.  Then  injections  of  No.  1  are  made  around  the  base  of 
the  scrotum,  in  the  subcutaneous  tissue  and  in  the  connective  tissue 
on  the  symphysis  and  the  muscles  of  the  perineum,  beginning  the  injec- 
tions below  the  penis,  then  at  the  sides  of  the  penis,  proceeding  there- 
after upward  to  the  inner  side  of  the  external  abdominal  ring,  thence 
downward  to  the  genitocrural  fold,  and  then  across  the  scrotum  at  the 
border  of  the  perineum.  One  should  also  inject  in  the  septum  and  in 
the  connective  tissue  on  to  the  hilus  of  the  testes  and  on  to  the  epi- 
didymis on  both  sides  where  they  are  not  invested  with  serous  mem- 
brane. The  injection  is  to  be  continued  around  the  base  of  the 
scrotum  on  the  opposite  side.  In  case  one  wishes  to  operate  on  one 
side  of  the  scrotum  only,  this  side  alone  should,  naturally,  be  anes- 
thetized. It  is  possible  to  do  castration,  extirpation  of  the  entire  or 
parts  of  the  epididymis,  to  excise  pieces  of  the  testicle  for  examination, 
to  do  the  various  operations  for  hydrocele  and  varicocele  absolutely 
painlessly  and  without  any  of  the  disturbing  cremasteric  reflexes. 

Anus  and  Rectum. — The  integument  around  the  anus  is  very  sen- 
sitive, but  the  rectal  mucous  membrane  is  void  of  sensation.  The  anal 
integument  receives  sensory  nerve-branches  from  the  pudic  nerves, 
which  also  innervate  the  sphincter  ani  and  both  ischiorectal  fossae. 
There  is  no  doubt  that  regional  anesthesia  may  be  successfully  done 
in  these  fossae,  around  the  anal  orifice,  and  in  the  depth  of  the  perineum, 
in  the  entire  penis,  and  in  the  medial  portion  of  the  integument  of  the 
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perineum  and  of  the  scrotum  by  injecting  solution  No.  4  around  the 
pudic  nerves  where  they  enter  each  of  the  ischiorectal  fossae  immediately 
above  the  sacrosciatic  ligament.  A  few  centimeters  behind  the  anus 
the  integument  and  subcutaneous  tissue  receive  branches  from  the 
coccygeal  nerves. 

Local  Anesthesia  of  the  Anus. — With  a  fine  needle  four  wheals  are 
made  in  the  skin — in  front,  behind,  and  one  on  either  side  of  the  anus. 
Through  these  wheals  solution  No.  1  is  injected  into  the  sphincter  ani 
and  in  the  connective  tissue  immediately  above  and  around  the  sphincter 
muscle,  in  the  subcutaneous  tissue,  and  in  the  skin  around  the  anus. 
With  a  finger  in  the  rectum  it  is  easy  to  control  the  direction  and  the 
position  of  the  needle.  The  anesthesia  may  be  extended  forward  or 
backward,  according  to  indications.  The  injections  may  thus  be  made 
in  the  posterior  raph£,  and  above  this,  around  the  coccyx,  etc.,  and  also 
in  the  anterior  raphe*  and  in  either  of  the  ischiorectal  fossae  toward  its 
outer  side,  in  which  case  solution  No.  2  should  be  used  for  both  deep 
injections  along  the  levator  ani  muscle  and  for  superficial  ones  beneath 
the  skin. 

With  these  methods  it  will  be  possible  to  do  a  painless  incision  of  the 
posterior  raph£,  to  extend  the  incision  backward  and  upward  with  ex- 
tirpation of  the  coccyx,  also  painlessly  or  nearly  so.  Operations  for 
fissure  of  anus,  for  hemorrhoids,  for  anal  fistulas,  if  not  too  complicated, 
for  abscesses  of  the  ischiorectal  fossae,  may  be  done  painlessly.  Also  ex- 
tirpations of  the  rectum  (for  ulcer,  for  cancer)  may  be  done  if,  after  the 
incision  has  been  made  between  the  rectum  and  the  coccyx,  the  connec- 
tive tissue  be  anesthetized  higher  up,  behind,  and  at  the  sides  of  the 
rectum,  under  control  of  a  finger  in  the  rectum,  an  operation  I  have 
satisfactorily  performed. 

The  Lower  Extremities. — One  should  remember  that  here,  as  in 
the  upper  extremities,  the  bone-substance,  the  bone-marrow,  and  the 
cartilages  have  no  sensation,  but  that  the  periosteum  and  the  articular 
synovial  membranes  possess  a  sensitiveness  to  pain  approaching  in 
acuteness  that  of  the  integument. 

Considering  first  operations  of  the  skin  and  the  subcutaneous  tissue, 
it  is  apparent,  from  the  course  of  the  nerves  and  from  their  location 
where  they  become  subcutaneous,  that  regional  anesthesia  may  be 
quite  extensively  employed  as  follows: 

(1)  For  the  antero-external  surface  of  the  upper  third  of  the  thigh, 
by  doing  a  perineural  injection  around  the  external  cutaneous  nerve, 
and,  in  addition,  injecting  No.  2  transversely  below  Poupart's  ligament 
and  above  the  greater  trochanter,  partly  into  the  fascia  lata,  and  partly 
just  beneath  the  skin.  (2)  For  the  anterior  surface  of  the  lower  two- 
thirds,  by  injecting  in  the  same  manner  solution  No.  2  transversely  in 
the  subcutaneous  tissue  at  the  junction  of  the  upper  and  middle  third 
of  the  thigh.  (3)  For  the  entire  anterior  surface  of  the  leg  and  of  the 
foot,  excepting  the  toes,  by  making  a  perineural  injection  around  the 
peroneal  nerve,  behind  the  head  of  the  fibula,  and  around  the  long 
saphenous  nerve,  at  the  inner  side  of  the  knee,  just  where  it  becomes 
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subcutaneous,  and  connecting  these  points  by  injections  transversely 
in  the  subcutaneous  tissue.  On  the  posterior  surface,  scarcely  more 
than  the  subcutaneous  tissue  and  the  integument  of  the  lower  half 
of  the  leg  are  suited  for  a  similar  regional  anesthesia  by  subcutaneous 
transverse  injections  at  the  middle  of  the  calf.  In  other  places  one  will 
have  to  do  either  a  local  injection  at  the  site  of  the  intended  incision 
or  else  a  circular  injection  around  the  entire  operative  field.  It  is 
plain  that,  even  within  those  areas  where  a  regional  anesthesia  is  possible, 
a  local  injection  or  an  injection  encircling  the  operative  field  in  selected 
cases  may  be  much  the  simpler  procedure. 

Skin-grafting,  according  to  the  methods  of  Thiersch  and  Krause, 
all  operations  for  varicose  veins  and  ulcerations,  etc.,  may  be  done  under 
regional  or  local  anesthesia,  and  after  an  infiltration  of  the  periosteum, 
of  the  tibia  or  fibula,  or  if  regional  anesthesia  has  been  done,  one  will 
be  able  also  to  chisel  and  curet  these  bones. 

All  operations  upon  the  toes  for  ingrown  nails,  disarticulation  of 
phalanges,  etc.,  may  be  done  painlessly  by  injecting  No.  2  or  3  around 
the  basal  phalanx  of  a  toe,  so  as  to  paralyze  the  four  nerves.  Disar- 
ticulation of  an  entire  toe  or  amputation  of  a  metatarsal  bone  may  be 
done  painlessly  by  injecting  around  the  metatarsal  bone,  i.  e.f  first, 
behind  its  articulation  with  the  tarsus,  and,  second,  into  both  the  ad- 
joining interosseous  spaces.  I  have  just  described  perineural  injections 
around  the  external  cutaneous,  the  long  saphenous,  and  the  peroneal 
nerves.  It  is  possible,  although  rather  more  difficult,  to  anesthetize 
also  the  posterior  tibial  nerve  where  it  runs  on  the  outer  side  of  the  pos- 
terior tibial  vessels,  between  the  flexor  longus  hallucis  and  the  flexor 
longus  digitorum,  behind  the  ankle-joint.  Using  solution  No.  3  or  4 
the  point  of  the  needle  is  inserted  on  the  inner  (medial)  side  of  the  tendo 
Achillis.  The  anterior  tibial  nerve  on  the  dorsum  of  the  foot  may  be 
anesthetized  by  injecting  either  of  the  above-named  solutions  above  the 
malleoli,  between  the  anterior  tibial  and  the  extensor  hallucis  proprius 
muscles.  In  order  to  anesthetize  the  entire  foot  it  is  necessary — (1) 
to  make  these  perineural  injections  with  solution  No.  3  or  4  around  the 
posterior  tibial  and  the  anterior  tibial  nerves,  and  (2)  to  make  an  in- 
jection with  No.  2  in  the  subcutaneous  tissue  around  the  leg,  above  the 
malleoli,  into  the  muscular  fascia,  in  order  to  cut  off  the  conduction 
from  the  long  saphenous  nerve;  (3)  to  inject  beneath  the  fascia  at  the 
side  of  the  tendo  Achillis,  because  at  times  a  part  of  the  sural  nerve 
may  not  become  subcutaneous  until  at  a  point  low  down  on  the  leg. 
When  making  plans  for  complicated  anesthesias  of  this  kind,  one  should 
not  forget,  in  addition  to  illustrations  on  the  course  of  the  nerves,  also 
to  consult  the  illustrations  of  the  cross-sections  by  Braun. 

Simpler  than  the  above-mentioned  procedure  for  anesthesia  of  the 
entire  foot  is  to  anesthetize  the  foot  and  the  greater  part  of  the  leg  by  a 
perineural  injection  around  the  saphenous  nerve  at  the  inner  side  of  the 
knee,  and  by  laying  bare,  under  local  anesthesia,  the  sciatic  nerve  at  a 
distance  above  the  popliteal  space,  between  the  biceps  and  the  semi- 
tendinosus  muscles,  injecting  into  it  solution  No.  3. 
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Crile  has  performed  amputations  of  the  leg  after  endoneural  injections 
into  the  crural  nerve  below  Poupart's  ligament,  and  into  the  sciatic 
nerve  at  the  gluteal  fold.  In  1907  I  did  two  such  operations.  Both 
the  aged  patients  did  very  well.  A  less  painful  operation  or  a  more 
satisfactory  recovery  is  inconceivable,  but  these  operations  require  time 
and  must  be  painstakingly  performed. 

This  anesthesia  of  the  crural  and  the  sciatic  nerves  (Crile)  cannot  be 
employed  for  resections  of  the  knee-joint  or  for  amputations  of  the  thigh, 
because  the  entire  group  of  adductor  muscles,  the  integument  on  the 
inner  side  of  the  knee,  and  the  periosteum  of  the  diaphysis,  and  some- 
times part  of  the  posterior  capsule  of  the  knee,  are  supplied  with  sensory 
filaments  from  the  obturator  nerve. 

As  in  amputations  of  the  upper  arm,  so  one  can  also  perform  am- 
putations of  the  thigh  and  the  leg  after  local  injection  of  No.  1  from  the 
depth  (periosteum)  to  the  surface  (subcutaneous  tissue).  One  should 
operate  very  carefully  in  the  vicinity  of  all  the  larger  nerves,  which 
should  be  laid  bare  and  injected  with  a  few  drops  of  No.  3  or  4  before 
they  are  divided.  After  local  infiltration,  one  may  painlessly  perform 
arthrotomies  in  the  ankle  or  knee,  remove  loose  cartilages,  suture  the 
patella  after  fracture,  suture  the  ligamentum  patellae  and  the  aponeurosis 
above  or  at  the  side  of  the  patella,  etc. 

I  have  done  a  few  disarticulations  of  the  hip- joint  for  advanced  sarcoma 
of  the  femur  in  the  following  manner:  Under  local  anesthesia  and  a 
very  light  general  narcosis  I  first  laid  bare  and  temporarily  clamped 
the  common  iliac  artery  with  a  Doyen  intestinal  clamp,  covered  with 
rubber  tubing.  Then  I  extirpated  from  above  downward  the  connective 
tissue,  together  with  the  lymphatic  glands  along  the  iliac  vessels.  Next 
I  injected  cocain  into  the  crural  nerve  and  other  branches  of  the  lumbar 
plexus.  Then  followed  ligation  of  the  iliac  vessels  and  disarticulation 
of  the  femur,  and  so  the  laying  bare  of  the  sciatic  nerve  and  injection  into 
it  of  cocain,  etc.  If  the  operation  is  done  in  this  manner,  the  hemorrhage 
is  slight  and  the  shock  nil. 

The  major  operations  on  the  lower  extremities — resections,  amputations, 
disarticulations,  chiselings  of  the  femur,  etc. — are  already  now  done, 
and  will  henceforth  more  often  be  done,  under  subarachnoid  anes- 
thesia. It  is  a  much  speedier  procedure.  But  no  surgeon  ought  to 
practise  subarachnoid  anesthesia  who  is  not  previously  perfectly 
familiar  with  local  and  regional  anesthesia.  If  he  be  not,  he  will  of 
necessity  make  a  wrong  use  of  the  subarachnoid  method.  He  will 
also  resort  to  its  use  in  cases  where  he  would  have  attained  the  pur- 
pose— painless  operation — by  a  simple  and  an  entirely  non-perilous 
local  anesthesia. 
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[VENOUS  ANESTHESIA. 
The  Berlin  Klin.  Wochen.,  1909,  No.  11,  publishes 
an  important  lecture  by  Bier,  of  Berlin,  on  what  he  named 
a  year  ago  "  Venous  Anesthesia."  He  gives  the  technic 
fully.  Briefly  it  is  as  follows:  The  solution  used  is  one- 
half  of  1  per  cent.  (0.5)  of  novocain  in  normal  salt  solu- 
tion. The  limb  is  made  as  nearly  bloodless  as  possible  by 
an  Esmarch  rubber  bandage  carried  as  high  as  necessary. 
Then  a  thinner  rubber  bandage  is  applied  to  keep  the 
limb  bloodless  (Fig.  493,  a-b).  Below  the  lower  limit  of 
the  operative  field  a  second  similar  bandage  is  applied 
(Fig.  493,  c-d).  The  anesthesia  in  the  area  between  the 
two  bandages  he  calls  "direct,"  that  beyond  the  lower 
bandage  "indirect."  A  vein  is  then  laid  bare  between 
the  two  bandages  nearer  to  the  proximal  bandage  than  to 
fluid  is  used.     For  the  arm  the  basilic  vein  and  for  the  leg 


Fia.  493.— a-b.  The  Prox- 
imal; c-d,  the  Distal 
or  Peripheral  Band- 
age; vb,  Vena  Basil- 
ica; re,  Vena  Cephal- 
ica;  vm,  Vena  Media; 
+  ,  the  Place  where 
the  Injection  May  be 
Made  in  the  Cephalic 
and  at  a  Correspond- 
ing Point  in  the  Ba- 
silic Veins.  Shading 
Shows  Area  of  Sen- 
sibility Below  the 
Proximal  Bandage. 


the  distal.     Schleich's 
the  internal  saphenous 
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are  most  frequently  used.  The  vein  is  opened  a  little  below  the  proximal  band 
and  the  canula  is  inserted  not  in  the  central,  but  in  the  peripheral  direction. 
From  20  to  60  ccm.  of  the  novocain  solution  are  then  injected  into  the  vein 
toward  the  hand  or  foot.  "  Direct "  anesthesia  follows  between  the  two 
bandages  in  five  or  six  minutes  or  less.  "  Indirect "  anesthesia  follows  beyond 
the  peripheral  bandage  in  from  six  to  ten  or  twenty  minutes  later,  when  the 
peripheral  band  can  be  removed  and  any  operation  be  done  painlessly  anywhere 
below  the  proximal  bandage,  e.  g.t  amputation,  resection,  etc.  There  is  usually 
some  motor  paralysis  in  the  anesthetic  area.  Almost  immediately  after  removal 
of  the  proximal  bandage  this  motor  paralysis  disappears  and  sensibility  is 
reestablished  in  from  two  and  one-half  to  seven  minutes.  He  reports  134  opera- 
tions by  this  method,  of  which  115  were  entirely  successful,  14  were  "satisfactory," 
and  5  were  unsatisfactory. — W.  W.  K.] 
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By  Fredrik  Zachrisson, 

DOCENT    IN    SURGERY    AT   THE    DNI\'ERBITT    OF    U PSA LA,    SWEDEN. 

By  subarachnoid  anesthesia,  also  often  called  spinal  or  lumbar 
anesthesia,  is  understood  a  method  of  rendering  parts  of  the  organism 
insensible  by  the  injection  of  local  anesthetics  into  the  subarachnoid 
space  of  the  spinal  canal. 

HISTORY. 

In  1885  1  J.  Leonard  Corning,  the  pioneer  in  local  anesthesia,  had 
already  conceived  the  idea  of  producing  a  direct  effect  upon  the  spinal 
cord  by  the  injection  of  cocain  and  other  therapeutic  agents  in  its  vicin- 
ity. The  cocain  was  to  be  injected  between  the  spinous  processes, 
hence  to  be  carried  to  the  cord  by  way  of  the  veins  which  run  to  the 
venous  plexuses  in  the  spinal  canal.  He  relates  two  experiments,  one 
upon  a  dog  and  the  other  upon  a  patient  with  "spinal  irritation." 

Concerning  these  experiments,  Corning  expressed  himself  thus: 
"Whether  the  method  will  ever  find  an  application  as  a  substitute  for 
etherization  in  genito-urinary  or  other  branches  of  surgery,  further  ex- 
periments alone  can  show."  In  a  later  article  (1888 2)  Corning  reports 
4  cases  of  pain  from  disease  of  the  spinal  cord  in  which,  with  good 
results,  he  gave  spinal  injections  of  cocain.  He  does  not  here  express 
himself  on  the  surgical  bearing  of  the  method. 

In  the  chapter  on  "The  Irrigation  of  the  Cauda  Equina  with  Medical 
Fluids,"  in  his  monograph  entitled  "Pain  in  its  Neuropathological, 
Diagnostic,  Medicolegal,  and  Neurotherapeutic  Relations,"  Philadelphia 
(1894),  he  advises  that  the  cocain  be  injected  directly  into  the  lumbar 
sac  by  puncturing  it  between  the  first  and  second  lumbar  vertebrae.  He 
reported  two  cases  of  disease  of  the  spinal  cord  in  which  he  made  direct 
cocainization  of  the  cauda  equina.     It  is  remarkable  that  these  papers 
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of  Corning  evoked  only  slight  attention.  Although  subarachnoid  anes- 
thesia had  thus,  in  fact  for  the  first  time,  been  done  by  Corning,  its 
significance  was  evidently  not  understood.  It  is  another  example  of 
a  great  discovery  the  full  significance  of  which  was  realized  neither  by 
the  discoverer  nor  by  his  contemporaries.  The  lumbar  puncture  of 
Quincke  (1891)  was  of  great  importance  for  further  progress.  Lumbar 
puncture  having  been  established  as  a  diagnostic  and  therapeutic 
method,  the  further  step  toward  subarachnoid  anesthesia  was  easier. 

To  Bier  belongs  undoubtedly  the  credit  of  having  purposely  pro- 
duced anesthesia  by  the  injection  of  local  anesthetics  directly  onto  the 
spinal  cord,  and  also  of  having  elaborated  proper  methods  for  its  ac- 
complishment. 

Without  being  acquainted  with  the  papers  of  Corning,  Bier  describes, 
in  his  "Versuche  iiber  Kocainisierung  des  Riickenmarkes"  (Deutsch. 
Zeitschr.  f.  Chir.,  1899),  eight  anesthesias  which  he  had  practised  on 
himself,  his  assistant,  and  six  patients.  Lumbar  puncture  having 
first  been  made  in  the  usual  way,  from  0.005  to  0.015  gm.  cocain  was 
injected,  and  in  all  the  cases  analgesia  was  produced  in  the  legs,  and 
after  the  larger  doses  up  to  the  level  of  the  navel.  On  the  six  patients 
major  operations  could  be  done  painlessly  or  nearly  so.  But  also  the 
disadvantages  of  the  method  appeared  promptly,  as  in  most  of  the 
cases  there  occurred  a  severe  and  prolonged  headache,  which  persisted 
for  days.  In  his  article  Bier  urges  great  care  in  the  use  of  the  method. 
In  Germany  the  method  was  not  very  well  received  at  first,  but  in 
France  and  America  a  number  of  enthusiasts  eagerly  investigated  the 
method.  Deaths  were  soon  reported  to  have  occurred  as  a  result  of 
the  method.  This  caused  some  entirely  to  abandon  it,  while  others 
endeavored  to  diminish  the  danger  by  improving  the  method,  and  at 
the  German  Surgical  Congress  in  1905,  Bier  called  attention  to  improve- 
ments which  had  resulted  in  markedly  lessening  the  dangers  attending 
its  use  and  the  frequency  of  injurious  sequela?.  These  favorable  re- 
sults were  obtained  chiefly,  first,  by  the  employment  of  the  less  poison- 
ous stovain,  discovered  by  Fourneau  in  1904;  second,  by  the  addition 
of  one  of  the  suprarenal  preparations  to  the  main  local  anesthetic,  and, 
third,  by  an  improved  technic.  Bier  expressed  the  opinion  that  sub- 
arachnoid anesthesia,  though  not  yet  perfected,  could,  however,  be 
recommended  for  clinical  use. 

Recently,  besides  stovain,  alypin,  novocain,  and  tropacocain  have 
been  introduced,  and  much  has  been  done  toward  perfecting  the  technic. 

ANATOMIC  AND  PHYSIOLOGIC  REMARKS. 

The  spinal  cord  in  the  adult  extends  only  to  a  level  with  the  upper 
border  of  the  second  lumbar  vertebra,  when  it  becomes  continuous 
with  the  filum  terminale  (see  Fig.  494),  which,  as  a  bundle  of  connective 
tissue,  extends  to  the  termination  of  the  dural  sac  at  the  second  or  third 
sacral  vertebra.  In  a  child  the  cord  ends  opposite  the  body  of  the  third 
lumbar  vertebra. 
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"Conus  term  in  alia 


The  arachnoid  sac  into  which  the  injections  are  made  is  a  more  or 
less  wide  lymph-space,  surrounding  the  brain  and  the  spinal  cord. 
Through  the  foramen  of  Magendie  and  the  foramina  lateralia  the  entire 
subarachnoid  space  and  its  contained  cerebrospinal  fluid  are  in  com- 
munication with  the  ventricles  of  the  brain.  Poisons  dissolved  in  the 
cerebrospinal  fluid,  therefore,  through  these  foramina,  may  gain  access 
to  the  inner  lymph-spaces  of  the  brain,  and  thus  be  brought  in  contact 
with  vital  nerve-centers,  especially  in  the  floor  of  the  fourth  ventricle. 
The  arachnoid  does  not  closely  invest  the  spinal  cord  (see  Figs.  494  and 
495),  a  wide  space  being  left  between  it  and  the  pia.  This  space  is, 
however,  incompletely  divided  into  an  anterior  and  a  posterior  com- 
partment by  the  ligamentum  dentic- 
ulatum  (Fig.  495,  g).  In  the  pos- 
terior compartment  are  the  sensory 
roots  (Fig.,  495,  /),  in  the  anterior,  the 
motor  roots  (Fig.  495,  h).  This  liga- 
ment forms  practically  a  partition 
between  the  two  compartments,  for 
according  to  experiments  made  by 
Donitz,3  colored  solutions  (India  ink) 
injected  into  the  posterior  compart- 
ment do  not  penetrate  into  the  an- 
terior. The  posterior  compartment  is 
in  the  cervicodorsal  portion  of  the  spinal 
cord,  subdivided  in  two  halves  by  the 
posterior  longitudinal  ligament  (Fig. 
495,  c).  From  the  termination  of  the 
spinal  cord  at  the  second  lumbar  ver- 
tebra down  to  the  end  of  the  dural  sac 
at  the  third  sacral  vertebra  the  sub- 
arachnoid sac  is  an  undivided  space  (see 
Fig.  494)  in  which  the  nerve-roots  run 
to  their  respective  points  of  exit  as  a 
bunch  of  nerve-fibers,  the  cauda  equina, 
which  nearly  fills  the  entire  space.  At 
the  lower  end  of  the  spinal  cord  (conus 
medullaris),  and  a  little  below  it,  the 
nerve-roots  are  arranged  in  a  right  and 
a  left  bundle,  with  an  intervening  open 
space  of  from  2  to  5  mm.  in  width  on  a  level  with  the  second  lumbar 
vertebra  (see  Fig.  497).  Lower  down  the  nerve-roots  are  more  evenly 
spread  out,  filling  the  whole  space,  but  leaving  free  room  for  the  cerebro- 
spinal fluid  to  filter  through.  In  the  cauda  equina  the  motor  roots  are 
situated  in  the  anterior  portion,  and  the  sensory  roots  in  the  posterior. 
The  arachnoid  is  only  separated  by  a  very  small  interspace  from  the 
dura.  Upon  the  outer  surfaces  of  the  dura,  in  the  epidural  space, 
especially  at  the  sides,  are  rich  venous  plexuses  and  loose  adipose 
tissue.     It  is  also  to  be  noted  that  the  interspinous  ligaments  inter- 
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Dura  mater 
Fig.  494. — Longitudinal  and  Trans- 
verse Sections,  showing  the 
Arachnoid  at  the  Termination 
or  the  Spinal  Cord.  Pia  Mater 
Red.     (After  Poirier.) 
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posed  between  the  spinous  processes  may  offer  a  decided  resistance  to 
the  insertion  of  the  needle  in  the  midline.  The  distance  from  the  skin 
to  the  subarachnoid  space  is  in  the  lumbar  region,  generally  from  4  to 


Fig. 


495. — Transverse  Section  op  the  Cord  in  the  Upper  Dorsal  Region*. 

and  Retzius.) 


(After  Key 


6  cm.,  but  in  men  with  well-developed  muscles  it  may  reach  a  depth 
of  from  7  to  8  cm., -and  in  fat  persons  even  to  10  cm.4 

As  to  the  size  of  the  spaces  between  the  arches  of  the  lumbar  ver- 
tebra-, the  third  and  fourth  are,  as  a  rule,  larger  than  the  first  and  the 


Fig.  496. — Tranrverhe  Sections  op  the  Spinal  Canal.    ^According  to  Key  and  Retaius.) 
a.  At  the  level  of   the  ninth  dontal  vertebra;  b,  at  the  level  of  the  eleventh  dorsal  vertebra; 
c,  at  the  level  of  the  second  lumbar  vertebra. 

second,  while  the  fifth  is  narrower  from  above  downward,  but  wider 
from  side  to  side.  The  width  of  the  interspaces  is  from  18  to  20  mm., 
and  the  height  from  10  to  15  mm.     In  abnormal  cases  the  spinous  proc- 
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esses  of  the  lumbar  vertebrae  may,  however,  cover  each  other  in  a  tile- 
like manner,  rendering  the  introduction  of  the  needle  impossible. 
Strong  flexion  of  the  lumbar  spine  increases  the  height  of  the  inter- 
space. 

The  cerebrospinal  fluid  is  nearly  as  clear  as  water,  very  poor  in 
albumin,  with  a  specific  gravity  of  1.003-1.004.6  The  quantity,  ac- 
cording to  Key  and  Retzius,7  is  normally  from  50  to  150  cc.  The 
pressure  in  the  lumbar  region  is,  in  the  recumbent  posture,  equal  to 
from  60  to  100  mm.  of  water. 

Changes  in  posture  affect  to  a  high  degree  the  posi- 
tion of  the  cerebrospinal  fluid.  Kronig  and  Gauss6 
believe  that,  in  the  sitting  posture,  the  cerebrospinal 
fluid  is  practically  at  a  level  with  the  upper  dorsal 
region  of  the  cord,  and  in  the  recumbent  posture,  with 
the  hips  elevated,  the  fluid  gravitates  away  from  the 
lumbar  region,  so  that  not  a  drop  can  then  be  withdrawn 
by  puncture.     With   a   horizontal  inclination  of  even 


Fig.  497. — Cauda        Fig.  498. — The  Lumbar  Column  of  the  Vertebrae,  Viewed  from  the 
Equina  of  an  Side  and  from  Behind.     (After  Quincke.) 

Adult.  (^  life 
nixe.)  (After 
Quincke.) 

30  degrees  the  pressure  of  the  cerebrospinal  fluid  in  the  lumbar  region  is 
at  zero.  If  a  coloring  substance  in  solution  be  injected  in  the  lumbar 
region,  followed  by  a  high  Trendelenburg  posture,  the  coloring-matter 
will  appear  at  the  base  of  the  brain.  The  importance  of  this  relative 
mobility  of  the  cerebrospinal  fluid  is  very  plain  if  one  considers  that  the 
local  anesthetic  used  in  the  injection  is  diffused  through  the  entire  volume 
of  the  fluid,  and  is  carried  with  it  to  the  spinal  cord  and  the  brain.  It  is 
particularly  important  that  the  poison  shall  not  reach  the  vital  centers 
in  a  too  strong  concentration.  In  order  to  prevent  such  a  diffuse  poison- 
ing of  the  entire  cerebrospinal  fluid,  and  to  be  able  to  tell  precisely 
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which  point  is  being  exposed  to  the  effect  of  the  anesthetic,  Barker5 
employs  for  injection  only  those  solutions  which  are  heavier  than  the 
cerebrospinal  fluid.  If,  moreover,  by  the  addition  of  a  suitable  substance 
a  different  viscosity  be  given  to  the  solution  to  be  injected,  this  will  with 
difficulty  mix  with  the  cerebrospinal  fluid,  and  just  as  a  heavy  mass  of 
oil  easily  changes  place  in  a  tube  filled  with  a  lighter  fluid  and  always 
stays  at  the  most  dependent  point,  so,  by  changing  the  posture  of  the 
patient,  one  will  always  be  able  to  calculate  at  which  particular  point 
the  local  anesthetic  is  being  deposited,  and,  above  all,  by  the  very  pos- 
ture to  prevent  the  poison  from  reaching  the  cervical  region  of  the  cord 
en  masse. 

ANESTHETICS. 

Cocain  was  the  anesthetic  first  used  in  subarachnoid  anesthesia,  but 
from  the  start  it  proved  so  dangerous,  and  the  anesthesia  was  attended 
by  so  many  serious  complications,  that  the  search  for  other  agents  was 
soon  begun.  Leaving  out  of  consideration  those  agents  which  have  been 
tried,  but  have  been  found  to  be  unsatisfactory  or  too  dangerous,  we  will 
now  occupy  ourselves  only  with  those  which  are  at  present  in  use. 

Tropacocain  was  discovered  in  1891  by  Giesel,  and  was  first  physio- 
logically tested  by  Chadburne,  of  Boston.  It  is  readily  soluble  in  water, 
making  a  neutral,  non-irritating  solution.  The  solution  will  stand 
sterilization  by  boiling.  It  is  one-third  as  poisonous  as  cocain,28  and  acts 
as  a  vasodilator.  The  anesthesia  occurs  sooner  than  with  cocain,  and 
lasts  longer.  It  should  not  be  used  together  with  suprarenal  prepara- 
tions, as  it  counteracts  their  effect.  In  large  doses,  0.12  gm.,  it  may 
cause  paralysis  of  the  sphincters  and  stimulate  intestinal-  peristalsis. 

It  is  advised  as  the  least  dangerous  agent  by  Bier,  Braun,  and 
many  others.  Complications  arising  during  the  anesthesia  and  the 
after-effects  are  said  to  be  less  troublesome  than  with  any  other  anes- 
thetic. Collapses  and  deaths  are,  however,  mentioned.  Because  of  its 
being  less  poisonous  and  comparatively  free  from  complicating  effects, 
it  may  be  said  that,  at  present,  tropacocain  is  the  anesthetic  most  fre- 
quently employed  in  subarachnoid  anesthesia.  The  regular  dose  is 
from  0.03  to  0.05  and  0.06  gm.,  but  may  be  increased  to  0.12  gm. 

Employed  in  a  5  per  cent,  solution,  stovain  was  synthetically  pro- 
duced first  by  Fourneau  (1904),  and  was  used  in  subarachnoid  anesthesia 
first  by  Chaput,  and  became  for  some  time  the  anesthetic  most  in  vogue. 
It  is  readily  soluble  in  water,  of  a  feebly  acid  reaction,  and  possesses 
noteworthy  antiseptic  properties.  The  solution  may  be  sterilized  by 
boiling.  It  is  less  poisonous  than  cocain,  but  the  effect  is  more  fleeting. 
It  is  somewhat  irritating  to  the  tissues,  and  in  a  10  per  cent,  solution  it 
may  even  produce  gangrene.  Contrary  to  cocain,  it  acts  as  a  vasodilator, 
cerebral  anemia  being  consequently  less  to  be  feared  from  its  use  in 
subarachnoid  anesthesia.  Stovain  has,  however,  a  more  marked  effect 
upon  the  motor  nerves  than  has  cocain.  With  stovain  anesthesia  the 
muscles  in  the  anesthetic  area  become  rapidly  paralyzed.  This  is  of 
advantage  in  operations  upon  the  abdomen  and  the  perineum,  as  the 
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wounds  may  be  readily  stretched.  The  strong  effect  of  the  stovain 
upon  the  motor  nerves,  however,  may  involve  considerable  danger, 
as  in  anesthesias  extending  higher  up  the  respiratory  muscles  may 
easily  become  paralyzed,  as  well  as  injury  done  to  the  respiratory  center 
in  the  medulla  oblongata.  It  occasionally  paralyzes  the  sphincter  ani 
and  contracts  the  intestines.  This  latter  effect  is  of  advantage  in  pelvic 
laparotomies  in  the  Trendelenburg  posture.  Albuminuria  after  sub- 
arachnoid anesthesia  with  stovain  is  mentioned  by  Schwarz7  as  occurring 
in  a  large  percentage  of  cases.  Muller,*  however,  has  only  occasionally 
found  a  small,  rapidly  disappearing  amount  of  albumin  in  the  urine. 

The  regular  dose  is  from  0.05  to  0.06,  at  most  0.07  gm.  The  solution 
from  Billon,  in  Paris,  comes  in  vials  of  1  cc,  containing  4  per  cent, 
stovain,  0.11  per  cent.  NaCl,  and  0.01  per  cent,  epirenin  borate. 

Novocain  was  produced  synthetically  in  1905  by  Einhorn  and 
Uhlfelder,9  and  was  employed  in  subarachnoid  anesthesia  by  Braun 
and  others.  It  is  readily  soluble  in  water  (1:  1),  making  a  neutral  solu- 
tion. It  may  be  heated  to  120°  C.  without  decomposition.  It  should 
not  be  heated  for  too  long  a  time,  together  writh  the  suprarenal  prepara- 
tions, because  the  latter  will  then  decompose.  It  is  considerably  (seven 
times)  less  poisonous  than  cocain,  affects  very  slightly  the  general  con- 
dition of  the  patient,  has  no  deleterious  effect  upon  the  heart's  action, 
and  in  ordinary  doses  it  does  not  lower  the  blood-pressure.  Novocain 
is  not  irritating  to  the  tissues,  even  if  used  in  substance  or  in  concentrated 
solution  directly  on  wounds.  Used  alone,  the  anesthetic  effect  is  quite 
fleeting,  but  together  with  suprarenal  preparations  the  effect  is  prolonged 
and  the  intensity  of  the  anesthesia  becomes  equal  to  that  of  cocain. 
Novocain  possesses  an  affinity  for  the  motor  nerves  in  a  considerably 
less  degree  than  stovain.  With  a  novocain  subarachnoid  anesthesia 
the  legs  are  only  slightly  paretic,  and  the  danger  of  respiratory  paralysis 
is  not  so  great.  Pareses  of  the  abducens  have  been  reported  after 
novocain.  The  complications  are  said  to  be  less  manifest  than  with 
stovain.  Deaths  are,  however,  reported.  The  regular  dose  is  from  0.05 
to  0.1  gm.,  but  may  be  increased  to  0.15  gm.  It  is  employed  in  a  5 
per  cent,  isotonic  solution.  It  comes  in  ampullae  containing  distilled 
water,  3  cc,  novocain,  0.15  gm.,  and  suprarenin  borate,  0.000,325  gm., 
or  in  tablets  each  containing  novocain  0.05  gm.,  suprarenin  borate, 
0.000,108  gm.  Three  tablets  dissolved  in  3  cc.  of  water  make  a  5 
per  cent,  isotonic  solution.  Of  this,  2  cc.  are  employed  for  operations 
upon  the  genitals  and  the  perineum,  from  2  to  2.5  cc.  for  operations  on 
the  legs  up  to  the  groin,  and  from  2.5  to  3  cc.  for  laparotomies. 

In  subarachnoid  anesthesia,  besides  using  the  least  dangerous  anes- 
thetic, it  is  also  of  considerable  importance  to  employ  the  anesthetic 
in  such  a  form  as  will  do  the  least  amount  of  injury  to  the  tissues.  In 
order  not  to  lessen  nor  to  increase  the  amount  of  liquid  within  the  tissues 
the  solution  employed,  in  obedience  to  a  general  rule,  should  be  isotonic 
with  the  tissues.  The  relation  of  the  various  agents  in  regard  to  this 
particular  question  is  apparent  from  a  table  by  Barker  giving  the  specific 
gravity  and  the  freezing-point  of  the  respective  substances: 
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Specific  Freezinq- 

Gravitt.  point. 


Novocain  (5  per  cent,  solution) 1.0090  0.555 

Tropacocain  (5  per  cent,  solution) 1.0106  0.545 

Stovain  (5  per  cent,  solution) 1.0064  0.585 

Blood-serum 0.56 

Cerebrospinal  fluid 1.007 

Guinard10  and  Kozlowsky11  have  solved  the  problem  in  the  easiest 
manner  by  dissolving  a  weighed  quantity  of  the  anesthetic  or  of  the 
tablets  in  the  cerebrospinal  fluid  obtained  when  making  the  lumbar 
puncture.  This  method  is  very  practical,  but  the  objection  may  be 
raised  that  the  possibility  of  chemical  changes  occurring  in  tablets  which 
have  been  kept  for  a  long  time  cannot  be  entirely  excluded. 

Tuffier,  Bier,  and  a  majority  of  surgeons  employ  the  method  of  mix- 
ing in  the  syringe  a  certain  quantity  of  the  isotonic  solution,  for  example, 
a  5  per  cent,  tropacocain  solution  with  the  cerebrospinal  fluid  in  the 
syringe  used  for  subarachnoid  anesthesia.  Barker12  insists  that  the 
injected  solution  be  heavier  than  the  cerebrospinal  fluid  and  of  a  some- 
what different  viscosity.  Thus  the  injected  solution  will  with  difficulty 
mix  with  the  cerebrospinal  fluid,  and  by  placing  the  patient  in  different 
postures,  the  anesthetic  may  be  made  to  gravitate  toward  the  most 
dependent  point  in  the  subarachnoid  space,  and  thus  become  deposited 
at  the  place  which  is  best  suited  for  the  intended  operation.  The  solu- 
tion, being  heavier  than  the  cerebrospinal  fluid,  can  be  prevented  from 
reaching  the  cervical  portion  of  the  cord  by  always  observing  that  the 
head  and  upper  part  of  the  back  are  higher  than  the  lumbar  and  sa- 
cral portions.  The  solution  employed  by  Barker  contains  10  per  cent, 
stovain,  5  per  cent,  grape-sugar,  and  55  per  cent,  distilled  water.  The 
specific  gravity  of  the  mixture  is  1.030,  while  that  of  the  cerebrospinal 
fluid  is  1.007.  With  this  solution  Barker  has  had  especially  good  results. 
It  should  naturally  not  be  mixed  with  the  cerebrospinal  fluid  before 
injecting  it.  The  alleged  unreliability  of  the  method  is  explained  by 
Barker  as  due  to  the  fact  that  the  solutions  employed  are  often  lighter 
than  the  cerebrospinal  fluid,  which  is  especially  the  case  with  the  stovain 
solution  used  by  Bier,  viz.,  stovain,  4  per  cent.,  NaCl,  0.11  per  cent., 
epirenin  borate,  0.001  per  cent.,  having  a  specific  gravity  of  0.0058. 

Whether  or  not  a  suprarenal  preparation  should  be  added  to  the 
solution  is  a  question  which  is  being  differently  answered.  We  know 
that  Bier,  in  1905,  referred  to  the  addition  of  suprarenal  preparations 
as  a  marked  advance,  inasmuch  as  they  increased  and  prolonged  the 
effect  of  the  anesthetic.  Recently,  however,  there  is  a  reaction  against 
the  suprarenal  preparations.  That  in  local  anesthesia  the  suprarenal 
preparations  are  of  great  consequence,  inasmuch  as  they  counteract  the 
rapid  absorption  of  the  injected  substance  and  thus  give  it  a  chance 
to  act  more  powerfully  upon  the  infiltrated  area,  is  plain  enough.  In 
local  anesthesia,  then,  the  importance  of  the  suprarenal  preparations  is 
being  fully  realized  in  case  the  anesthetic  used  does  not  oppose  the  effect 
of  the  suprarenal  preparation  (for  example,  tropacocain).  In  sub- 
arachnoid  anesthesia  the  conditions  are,  however,  quite  different.  Here 
vol.  v— 69 
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the  various  anesthetics  are  being  deposited  in  a  large  lymph-space,  and 
to  "incarcerate"  the  anesthetizing  agent  within  a  certain  area  is  out  of 
the  question.  Our  experience  with  suggillations  in  the  skin,  and  even 
ecchymoses  occurring  after  a  local  anesthesia,  when  adrenalin  has  been 
added,  compels  us  to  an  attitude  of  doubt  regarding  the  advisability 
of  employing  the  suprarenal  preparations  in  subarachnoid  anesthesia. 
That  corresponding  changes  in  the  pia  mater  may  not  be  without  con- 
sequence is  clear  as  daylight,  and  may  possibly  explain  the  serious 
sequelae  which  have  occasionally  been  observed  after  subarachnoid 
anesthesia.  I  have  also  often  observed  that  after  local  anesthesia, 
and  especially  when  suprarenal  preparations  have  been  used,  the  patients 
have  suffered  severe  pain  in  the  operative  field.  When  such  objective 
and  subjective  changes  are  observed  with  a  subcutaneous  infiltration 
anesthesia,  they  are  likely  to  occur  in  a  still  larger  measure  with  sub- 
arachnoid anesthesia.  Furthermore,  the  presence  of  suprarenal  prepa- 
rations complicates  the  sterilization,  and  the  solutions  do  not  keep  for 
a  long  time  after  mixing,  as  the  suprarenal  preparations  become  decom- 
posed. It  is  well  known  that  solutions  of  cocain-adrenalin  and  of 
novocain-adrenalin,  after  being  kept,  and  still  more  after  being  heated, 
assume  a  pink-brown  color,  suggesting  decomposition.  Such  solutions 
should  never  be  used,  as  they  are  especially  prone  to  cause  bad  after- 
effects. In  using  some  of  the  anesthetics,  the  suprarenal  preparations 
are  contraindicated  for  the  reason  that  their  effect  is  destroyed  by  the 
anesthetic,  e.  g.,  tropacocain,  and  to  some  extent  also  stovain. 

Conclusions. — 1.  Among  the  anesthetics  which  so  far  have  been 
employed,  tropacocain  is  the  least  dangerous,  and  should  be  used  in  5  per 
cent,  solution  with  a  dose  of  from  0.03  to  0.04  gm.  for  the  perineum- and 
the  external  genitals,  0.05  gm.  for  the  legs  up  to  Poupart's  ligament, 
and  0.07  gm.  for  the  abdomen.  2.  The  solution  should  be  isotonic  with 
the  blood-serum,  and  heavier  than  the  cerebrospinal  fluid.  3  Supra- 
renal preparations  should  be  avoided. 

COURSE  AND  DURATION. 

In  some  cases  the  anesthesia  comes  on  at  once  and  rises  rapidly  to 
its  full  extent,  so  that  there  is  no  time  for  observing  the  course.  Gener- 
ally, however,  it  proceeds  more  slowly.  After  about  a  minute  there  is  a 
lessened  sensibility  to  pain  in  the  perineum,  and  the  external  genital 
organs  and  the  inner  side  of  the  thighs.  The  patellar  reflex  disappears. 
Soon  thereafter  the  ankle-clonus  disappears,  and  the  posterior  surface 
of  the  thighs  and  legs,  the  soles  of  the  feet,  and  the  anterior  surface  of 
the  legs  and  the  thighs  up  to  Poupart's  ligament  become  insensitive 
to  pain  in  the  order  named.  Gradually  the  anesthesia  extends  up  to  the 
umbilical  region,  and  at  times  perhaps  still  higher  (horizontal  posture). 
It  is  seen,  therefore,  that  the  anesthesia  proceeds  by  segments,  beginning 
with  the  fourth  or  fifth  sacral  segment,  and  extending  up  to  the  first 
lumbar  segment.  The  anesthesia  is  dissociated,  so  that  the  sense  of 
pain  disappears  first,  and  that  of  posture  and  touch  later.     It  is  con- 
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sequently  wrong  to  test  the  occurrence  of  anesthesia  by,  for  example, 
pricking  the  patient  with  a  pin  and  asking  if  he  feels  it.  The  sense  of 
touch  is  still  intact,  but  the  patient  has  no  sensation  of  pain.  In  order 
to  know  whether  anesthesia  has  occurred,  one  must  compare  the  sen- 
sibility of  a  place  outside  of  its  reach  with  that  of  a  place  where  the  anes- 
thesia is  expected  to  be  present.  A  more  certain  method  is  to  test  the 
disappearance  of  the  reflexes,  which  surely  denotes  the  approach  of  the 
anesthesia.  Gradually  the  sense  of  touch  and  posture  also  is  lost. 
Subjectively,  the  patient  experiences  a  feeling  of  numbness  in  the  legs. 
Motor  disturbances  may  also  set  in,  most  often  and  most  markedly  with 
stovain  anesthesia,  but  also  with  the  use  of  cocain  and  tropacocain. 
The  pareses  begin  in  the  muscles  of  the  foot  and  extend  rapidly  upward, 
involving  more  markedly  the  extensors  than  the  flexors. 

The  height  to  which  the  anesthesia  extends  depends  upon  a  great 
variety  of  circumstances.  With  a  larger  dose  the  anesthesia  extends 
higher  up  than  with  a  smaller,  but  we  should  endeavor  to  employ  the 
smallest  efficient  dose.  It  is  plain  that  by  dissolving  a  certain  quantity 
of  the  anesthetic  in  a  larger  amount  of  the  cerebrospinal  fluid  areas 
situated  higher  up  may  be  reached. 

We  can  also  obtain  higher  anesthesias  by  elevation  of  the  pelvis, 
as  introduced  by  Klader.  The  cerebrospinal  fluid  then  will  run  toward 
the  head,  carrying  the  injected  anesthetic  along  with  it.  High  anesthe- 
sias should  not  be  produced  with  stovain,  because  of  the  danger  of  res- 
piratory paralysis.  If  they  are  to  be  produced  at  all,  the  less  dangerous 
tropacocain  should  be  employed.  Operations  for  goiter,  thoracoplasty, 
and  cancer  of  the  breast  have  been  performed  in  this  manner.  I  wish  to 
emphasize  the  need  of  great  caution  in  elevation  of  the  pelvis,  as  it  may 
easily  lead  to  respiratory  paralysis  and  collapse — dangers  to  which 
Sandberg18  has  called  particular  attention. 

It  occasionally  happens  that  the  anesthesia  is  unilateral,  an  occur- 
rence which,  naturally,  is  extremely  embarrassing  in  case,  for  example, 
the  left  side  alone  is  anesthetized,  when  the  operation  is  to  be  performed 
on  the  right.  Donitz14  has  offered  a  very  plausible  explanation  for 
these  unilateral  anesthesias,  viz.,  that  the  injection  has  not  been  made 
in  the  cisterna  terminalis,  but  at  the  very  beginning  of  the  cauda 
equina,  in  either  the  right  or  the  left  bunch  of  nerve-fibers.  There  the 
anesthetic  has  been  prevented  from  spreading  about  freely,  it  being 
only  the  adjacent  roots  of  the  cauda  equina  which  have  become  af- 
fected by  it. 

It  has  been  previously  stated  that  in  anesthesia  with  stovain  and 
tropacocain  the  intestine  becomes  contracted,  which  might  perhaps 
be  of  importance  in  operations  for  ileus.  As  far  as  I  am  aware  no 
investigations  or  experiments  have  as  yet  been  made  directly  to  regulate 
intestinal  peristalsis  by  agents  injected  into  the  subarachnoid  space. 
After  a  subarachnoid  anesthesia  motion  and  sensation  return  much 
more  slowly  than  they  were  lost,  and,  in  the  reverse  order,  so  that  the 
power  of  motion  returns  first,  then  the  sense  of  posture  and  touch,  and 
finally  the  sense  of  pain. 
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The  duration  of  subarachnoid  anesthesia  is  generally  from  three- 
quarters  of  an  hour  to  one  and  one-half  hours.  Tropacocain  anesthesias 
are,  as  a  rule,  of  shorter  duration  than  cocain  and  stovain  anesthesias, 
while  novocain  anesthesia  is  said  to  last  from  two  and  one-half  to  three 
hours. 

COMPLICATIONS  AND  SEQUELS. 

Deaths. — During  subarachnoid  anesthesia  it  occasionally  happens 
that  the  patients  become  nauseated  and  vomit,  and  are  seized  with  a 
feeling  of  anguish  and  with  headache.  Occasionally,  also,  the  patient 
turns  pale  and  perspires  profusely,  while  the  pulse  at  times  becomes 
small  and  weak.  Cases  of  cessation  of  the  respiration,  and,  in  rare 
instances,  death  during  anesthesia,  also  occur.  Even  after  the  anes- 
thesia has  passed  away,  complications  of  various  kinds  may  at  times 
appear. 

A  main  group  of  sequels  is  spoken  of  under  the  name  of  meningism, 
a  symptom-complex  which  has  its  origin  in  an  aseptic  irritation  of  the 
meninges.  It  consists  of  an  intense  headache,  dizziness,  nausea, 
vomiting,  rigidity  of  the  neck,  tenderness  to  pressure  over  the  cervical 
vertebrae,  and  pain  in  the  small  of  the  back. 

The  most  frequent  sequel  consists  of  a  headache,  which,  although 
light  in  most  cases,  may  in  some  instances  be  severe.  It  is  said  to  occur 
least  often  after  tropacocain,  while  it  is  more  common  and  more  severe 
after  novocain  and  stovain. 

As  remedies  for  the  headache,  morphin,  antipyrin,  quinin,  an  ice-bag 
to  the  head,  etc.,  have  been  tried.  Some  have  observed  an  amelioration 
from  repeating  the  lumbar  puncture;  others  have  tried  this  without 
avail.  Care  should  be  taken  that  soda,  carbolic  acid,  and  other  chemi- 
cals employed  in  the  sterilization  do  not  cling  to  the  instruments,  and 
thus  become  injected  into  the  lumbar  sac,  where  they  are  by  no  means 
indifferent.  The  instruments  should  be  carefully  rinsed  in  a  physiologic 
saline  solution,  or,  better  still,  no  strong  antiseptics  should  be  used  in  the 
sterilization. 

Hauber  has  often  seen  sleeplessness,  at  times  lasting  for  seven  nights, 
following  subarachnoid  anesthesia.  Cases  of  pain  at  the  site  of  the 
puncture  (injury  to  the  periosteum)  and  paresthesias  in  one  or  both 
legs  (nerve  lesions  from  the  puncturing  needle)  have  been  reported 
by  several  authors. 

Elevation  of  temperature,  with  or  without  chills,  occurs,  especially 
after  tropacocain,  while  it  is  said  not  to  occur  after  novocain  and  stovain. 
It  is  to  be  noted  that  the  pulse  in  spite  of  the  elevation  of  temperature, 
which  at  times  goes  above  39°  C.  (102.2°  F.),  is  of  normal  frequency 
and  strength,  and  that  the  patients  do  not  become  depressed  from  the 
fever.  The  fever  is  supposed  to  depend  upon  a  direct  irritation  of  the 
heat-center. 

Should  collapse  occur,  it  is  treated  by  injections  of  camphor,  caffein, 
digalen,  etc.  Good  effect  has  been  noted  from  intravenous  injections 
of  NaCl  with  epirenin15  (0.001  in  0.1  per  cent,  solution).     Even  after 


COMPLICATIONS    AND    SEQUELS.  1093 

subarachnoid  anesthesia  severe  collapses  may  occur,  especially  if  the 
patients  do  not  maintain  a  horizontal  position.  Even  cases  of  secondary 
hemorrhage  are  mentioned  as  occasionally  following  subarachnoid 
anesthesia.  Kopfstein,16  for  example,  reports  such  a  case.  A  non- 
dangerous  complication  after  tropacocain  is  mentioned  by  Urban,17 
who  has  had  several  cases  of  violent  priapism,  which  is  explained  as 
caused  by  irritation  of  Goltz's  erective  center  in  the  lumbar  portion  of 
the  cord. 

The  most  important  sequels  are,  however,  those  pertaining  to  the 
motor  functions.  Most  often  it  is  the  stovain  which  causes  these  effects, 
and  to  a  less  degree  novocain  and  tropacocain.  Cases  of  paralyses 
of  the  ocular  muscles  are  occasionally  mentioned.  Most  often  one  or 
both  abducens,  but  also  the  trochlearis,  have  been  affected.  The 
paralysis  is  very  similar  to  post-diphtheritic  paralysis,  inasmuch  as  it 
appears  at  a  certain  time  (from  four  to  eighteen  days)  after  the  anes- 
thesia, and  spontaneous  recovery  takes  place  in  from  twenty-one  to 
thirty-six  days.  A  toxic  neuritis  or  a  toxic  change  in  the  nerve  nucleus 
offers,  perhaps,  the  most  plausible  explanation.  Oculomotor  paralyses 
have  occurred  after  lumbar  puncture  alone. 

The  pareses  of  the  legs  which  normally  occur  with  subarachnoid 
anesthesia  may,  occasionally,  remain  for  several  hours. 

Especially  after  stovain  anesthesia,  there  occurs,  at  times,  a  tempo- 
rary paralysis  of  the  sphincter  ani,  with  involuntary  defecation.  Cases 
are  also  reported  when  patients  are  unable  to  void  their  urine,  neces- 
sitating catheterization  of  the  bladder  fqr  one  or  two  days  following. 
As  is  well  known,  however,  this  occurs  occasionally  also  after  general 
narcosis. 

The  most  important  paralyses  which  may  occur  during  subarachnoid 
anesthesia  are,  without  comparison,  those  of  the  respiration.  They  are 
caused  by  the  anesthetic  getting  too  high  up,  so  as  to  paralyze  the  res- 
piratory muscles,  or  they  may  be  due  to  a  direct  action  of  the  anes- 
thetic upon  the  medulla  oblongata.  Donitz  has  demonstrated,  by 
animal  experimentation,  that  stovain  in  the  fourth  ventricle  will  cause 
an  arrest  of  the  respiration,  while  the  heart's  action  may  continue  even 
for  thirty  minutes.  In  order  to  avoid  respiratory  paralysis,  especially 
with  the  use  of  stovain,  which  in  this  respect  is  the  most  dangerous, 
one  should  remember  to  take  pains  to  prevent  the  anesthetic  from 
traveling  too  high  up,  and  repeatedly  to  test  how  high  up  the  anes- 
thetic has  extended.  In  case  it  should  be  found  to  reach  up  to  or 
above  the  clavicles,  and  out  on  the  arms,  then  we  should  raise  the 
patient,  thus  causing  the  poison  to  flow  away  from  the  cervical  cord 
and  the  medulla  oblongata.  At  times  also  a  slow  pulse,  40  or  there- 
abouts, will  indicate  that  the  anesthetic  has  extended  too  far  up,  thus 
paralyzing  the  accelerating  nerves  of  the  heart.  In  case  of  respiratory 
paralysis,  artificial  respiration  should  be  started  immediately.  In 
many  cases  this  has  a  good  chance  of  success,  as  the  heart's  action 
still  continues. 

It  is  difficult  to  get  a  definite  idea  of  the  frequency  of  deaths  during 
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and  after  subarachnoid  anesthesia.  Hahn18  gives  8  deaths  in  708  sub- 
arachnoid anesthesias;  Patterson19,  20  in  7807;  Reclus,20  6  in  2000; 
Zahradnicky,21  12  in  4679;  Wainwright,22  14  in  16,300;  and  Strauss,23  46 
in  22,717  cases. 

In  the  above  review  the  dark  sides  of  the  method  have  been  related, 
showing  the  high  mortality  of  subarachnoid  anesthesia  as  compared 
with  the  mortality  of  general  narcosis  (chloroform,  1  in  3045;  ether,.  1 
in  15,738,  Zachrisson24).  It  may  seem,  therefore,  as  though  subarach- 
noid anesthesia  ought  not  to  be  considered.  But  it  should  be  remem- 
bered that  it  is  incorrect  to  compare  these  mortality  figures,  as  a  great 
number  of  patients  operated  upon  under  subarachnoid  anesthesia  are 
very  low  and  unfit  to  be  operated  upon  under  general  narcosis.  If  it 
were  possible  to  make  a  full  comparison,  it  might  perhaps  be  found 
that  large  groups  of  operations,  for  example,  prostatectomies,  etc., 
under  subarachnoid  anesthesia,  have  a  better  prognosis,  or  by  means 
of  this  method  have  become  possible.  Finally,  we  must  remember 
that  the  above  complications  are  in  some  cases  due  to  technical  errors 
and  inexperience  with  the  method,  and  that,  with  continued  improve- 
ment in  the  method,  its  dangers  will  be  lessened.  For  a  comparison 
one  should  consider  the  first  decade  in  the  era  of  narcosis  with  the 
numerous  deaths  from  chloroform  and  our  present-day  narcosis.  Sub- 
arachnoid anesthesia  has  lived  through  its  first  decade,  during  which 
time  a  rich  fund  of  experience  has  been  gathered  by  which  the  method, 
in  its  future  development,  will  be  rendered  less  dangerous. 

INDICATIONS  AND  CONTRA-INDICATIONS. 

During  the  first  experimental  years  of  its  existence  subarachnoid 
anesthesia  was  employed  in  many  places  much  too  extensively.  Now 
that  we  know  more  about  subarachnoid  anesthesia  and  its  dangers,  it 
will  be  necessary  to  give  more  definite  indications  for  its  use.  As  a 
general  rule,  it  may  be  said  that  it  should  be  used  only  in  those  cases 
in  which  general  narcosis  is,  for  one  reason  or  another,  inapplicable. 
Further,  it  should  be  used  only  in  operations  below  the  costal  border. 
If  the  anesthesia  extends  higher,  the  danger  of  respiratory  failure  be- 
comes too  great.  Operations  on  the  genital  organs,  the  perineum,  and 
the  rectum  are  especially  suitable  for  subarachnoid  anesthesia.  More- 
over, all  operations  about  the  leg  are  easily  performed  under  subarach- 
noid anesthesia,  and  many  authors  consider  also  operations  for  hernia 
as  suitable,  but  these  operations  are  better  performed  with  local  anes- 
thesia, according  to  the  method  of  Cushing,  as  is  customary  in  Lennan- 
der's  clinic.  Laparotomies  in  the  lower  part  of  the  abdomen  may  be 
performed  under  subarachnoid  anesthesia,  but  the  peritoneum  will 
seldom  become  entirely  insensitive  to  pain,  as  it  is  innervated  from  seg- 
ments which  are  situated  high  up.  The  majority  of  authors  are  agreed 
that  subarachnoid  anesthesia  is  unsuited  to  operations  on  children, 
as  they  are  very  susceptible  to  poisons  and,  as  a  rule,  stand  narcosis 
well.     Moreover,  it  might  psychically  affect  children  badly  to  be  oper- 
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ated  upon  while  they  retain  their  full  consciousness.  Aged  patients, 
on  the  contrary,  excluding  the  extremely  old,  bear  this  method  very  well. 
In  diseases  of  the  spinal  cord,  or  in  such  conditions  where  subarach- 
noid anesthesia  will  render  the  spinal  cord  a  "locus  minoris  resistentice," 
this  method  should  be  avoided.  So,  also,  in  cases  of  sepsis  or  pyemia 
(suppurative  infections  near  the  point  of  injection  are  naturally  pro- 
hibitory to  the  method),  the  possibility  of  rendering  the  subarachnoid 
space  accessible  to  metastases  should  be  borne  in  mind.  In  the  case  of 
recent  lues  the  method  is  contra-indicated.  The  method  should  not 
be  employed  in  patients  who  are  already  in  collapse,  nor  in  patients 
who  are  in  a  state  of  nervous  excitement. 


TECHNIC 

For  use  in  subarachnoid  anesthesia,  the  "Record"  syringe,26  recom- 
mended by  Bier,  and  a  needle  9  cm.  long,  provided  with  a  mandrel 
(Fig.  499),  are  the  best.  The  syringe  comes  in  several  sizes,  most  com- 
monly those  holding  2  cc.  are  used,  but  even  larger  ones,  up  to  10  cc,  are 
employed.  The  large-sized  syringes  are  used  by  those  who  wish  to  mix 
the  solutions  or  the  tablets  in  the  syringe  (see  section  on  Anesthetics, 
p.  1061)  with  a  greater  amount  of  the  cerebrospinal  fluid.  For  reasons 
already  stated  (p.  1088)  I  consider  it  safest 
to  avoid  this  mixing,  and  also  to  avoid 
using  the  tablets,  however  convenient  the 
use  of  the  latter  may  be.  It  is  better,  like 
Barker,  to  have  the  solution  unmixed  with 
and  heavier  than  the  cerebrospinal  fluid,  as 
it  in  this  way  will  be  easier  to  determine  its 
position  within  the  subarachnoid  space. 
A  syringe  holding  2  cc.  consequently  will 
well  answer  the  purpose.  Barker  has  also 
added  a  cannula,  which  fits  on  to  the  point 
of  the  syringe,  and  when  carried  through 
the  needle  reaches  beyond  its  point.  This 
cannula  is  intended  to  make  sure  that 
the  solution  is  injected  into  the  subarach- 
noid space.  It  might  happen  that  the  punc- 
turing needle  assumes  a  position  as  shown  in 
Fig.  500.  Only  its  very  point  has  entered  the 
subarachnoid  space,  and  nothing  prevents 
the  cerebrospinal  fluid  from  escaping.  Be- 
lieving that  the  needle  is  entirely  within  the 
subarachnoid  space,  the  operator  injects  the  anesthetic.  Only  a  part  of 
the  solution,  however,  may  enter  the  subarachnoid  space,  while  the 
main  part  remains  behind.  By  means  of  the  cannula  inserted  into 
the  puncturing  needle  one  will  always  be  able  to  reach  beyond  the 
point  of  the  needle,  and  consequently  be  certain  to  be  within  the 
subarachnoid  space  (Fig.  501). 


3D 


Fig.  499. — Syringe  and  Cannulas 
for  Subarachnoid  Anesthesia. 
(According  to  Barker.) 
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An  indispensable  requirement  is  that  the  armamentarium  intended 
for  subarachnoid  anesthesia  be  kept  separate,  and  be  used  solely  for 
this  purpose.  In  sterilizing  the  instruments  one  must  carefully  avoid 
boiling  them  in  alkaline  solutions,  as  alkalis  may  destroy  the  effects  of 
the  anesthetics.  The  instruments  should,  therefore,  be  sterilized  by 
boiling  in  distilled  water.  Preceding  the  puncture,  the  integument  of 
the  lumbar  region  should  be  carefully  disinfected  in  the  customary 
manner.  If  sublimate  or  other  strong  antiseptics  have  been  employed, 
they  must  be  washed  off  with  saline  solution,  to  prevent  their  being 
carried  by  the  puncturing  needle  into  the  spinal  canal,  where  they  might 
cause  irritation.     The  disinfection  is  finished  by  washing  with  ether. 

The  puncture  is  most  easily  done 
with  the  patient  sitting,  the  legs 
dangling,  and  back  strongly  flexed 
in   the   lumbar   region.      It   is   well 


Fio.  500. — Demonstrating  the  Use  op  the 
Inner  Cannula,  for  Injection  into  the 
8  'barachnoid  Space.  (According  to 
Barker.) 


Fig.  501. — Side  View  op  Lumbar  Punc- 
ture between  the  Third  and  Fourth 
Lumbar  Vertebra. 


to  have  a  nurse  stand  in  front  of  the  patient  to  support  him.  The  point 
for  puncturing  is  either  between  the  second  and  third  or  between  the 
third  and  fourth  lumbar  vertebrae  (Fig.  502).  These  points  are  easily 
located  by  palpation,  starting  from  the  spinous  process  of  the  fourth 
lumbar  vertebra,  which  is  found  at  a  level  with  the  highest  points  of 
the  iliac  crest.  After  a  preceding  ethyl  chlorid  anesthesia  of  the  skin, 
the  puncturing  needle  with  the  mandrel  is  introduced  at  the  above- 
described  point,  straight  in  the  midline.  The  needle  is  introduced 
firmly,  taking  care  to  keep  straight  in  the  midline,  but  giving  it  a 
slight  upward  direction.  When  the  interspinal  ligament  has  been 
pierced  through,  there  is  scarcely  any  further  resistance  to  be  felt. 
Many  surgeons,  however,  prefer  to  insert  the  needle  about  one  centi- 
meter to  the  right  or  left  of  the  midline  (Fig.  501).  The  mandrel  is 
removed,  so  that  the  escaping  fluid  may  be  immediately  observed.  By 
retaining  the  mandrel  in  place  too  long,  one  runs  the  risk  of  not  know- 
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ing  when  the  subarachnoid  space  has  been  entered,  and  one  may  even 
traverse  the  entire  subarachnoid  space  and  thrust  the  needle  into  its 
anterior  wall.  As  has  been  said,  the  needle  without  mandrel  is  now 
pushed  forward,  and  after  having  penetrated  the  dura  and  the  arach- 
noid, which  practically  form  one  membrane,  offering  a  characteristic 
slight  resistance,  the  cisterna  terminalis  has  been  reached,  and  the 
cerebrospinal  fluid  escapes,  dripping  fast  or  in  a  continuous  stream. 
If,  in  introducing  the  needle,  it  should  happen  to  strike  against  a 
bone,  it  should  be  slightly  withdrawn  and  its  direction  somewhat 
altered.  In  case  only  very  little  fluid  should  escape,  the  needle  may 
be  turned  around  or  pushed  a  little  forward,  or  slightly  withdrawn, 


mtborflmtort. 


Fia.  502. — The  Point  for  Lumbar  Puncture. 


until  a  freer  flow  is  established.  Should  this  not  succeed,  subarach- 
noid anesthesia  had  better  be  abandoned,  for  the  reason  that  one 
might  possibly  have  got  in  among  the  branches  of  the  cauda  equina. 
If,  in  spite  of  all  this,  the  injection  be  completed,  one  runs  the  risk  of 
getting  a  one-sided  anesthesia.  In  case  of  hemorrhage,  the  puncture 
should  be  repeated  at  another  point. 

Provided,  then,  that  all  signs  indicate  that  the  cisterna  terminalis 
has  been  successfully  reached,  from  7  to  10  cc.  of  the  fluid  is  allowed  to 
escape,  when  the  anesthetic,  held  in  readiness  in  the  syringe  with  its 
cannula,  is  injected  (in  regard  to  dosage,  see  section  on  Anesthetics, 
p.  1088).  If  the  cerebrospinal  fluid  is  not  clear,  no  injection  should  be 
made,  but  general  narcosis  should  be  resorted  to.     The  cloudy  fluid 
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should  be  most  carefully  examined  bacteriologically  and  microscopically, 
of  course.  The  needle,  together  with  the  cannula,  is  now  quickly  re- 
moved, and  the  opening  covered  with  a  piece  of  adhesive  or  collodion 
band.  The  patient  is  then  slowly  placed  upon  his  back.  A  wedge- 
shaped  pillow,  about  10  cm.  high,  is  placed  under  the  pelvis.  A 
pillow  is  also  placed  under  the  shoulders,  in  order  to  raise  the  cervical 
portion,  and  the  head  is  supported  and  kept  as  much  as  possible  bent 
forward  on  the  chest.     After  waiting  for  the  anesthesia  to  appear,  the 

operation  may  be  begun. 

Should  subarachnoid  anes- 
thesia be  done  with  the  patient 
fasting  or  not?  As  in  local 
anesthesia,  so  also  in  subarach- 
noid anesthesia,  it  has  been 
proved  best  not  to  operate  on 
an  empty  stomach,  but,  if  pos- 
sible, to  allow  the  patient  some 
food  before  the  operation. 
Even  during  the  course  of  the 
operation  it  may  be  well  to 
stimulate  the  patient  by  per- 
mitting him  to  partake  of  wine, 
coffee,  or  other  stimulants.  If 
the  patient  has  taken  food,  one 
is,  as  a  rule,  prevented,  how- 
ever, from  continuing  the 
operation  under  narcosis  in 
case  the  anesthesia  should  not 
succeed. 

In  exceptional  cases,  when 
the  patient  is  unable  to  assume 
the  sitting  posture,  the  punc- 
ture may  be  done  while  he 
lies  on  the  side,  with  the  knees 
sharply  drawn  up.1  In  order  to  diminish  the  psychic  shock  which 
the  waking  state  during  the  operation  will  produce  in  some  patients, 
Kronig,  for  example,  has  combined  subarachnoid  anesthesia  with  sleep- 
narcosis.  Two  hours  before  the  operation  the  patients  are  given  0.0003 
gm.  scopolamin  -f  0.01  gm.  morphin.  One  hour  before  the  operation 
this  dose  is  repeated,  and  if  the  patient,  at  the  beginning  of  the  operation, 
has  not  yet  gone  to  sleep,  another  dose  of  0.00015  gm.  scopolamin  is 
administered.  It  is  perhaps  too  early  to  express  an  opinion  as  to  the 
advisability  of  this  method,  but  the  heaping  up  of  so  many  poisons  is 
at  first  sight  repugnant. 

1  In  his  latest  contribution  (Brit.  Med.  Jour.,  Feb.  1,  1908)  Barker  performs 
the  puncture  with  the  patient  lying  on  his  side,  knees  well  drawn  up,  and  a  small 
pillow  under  the  trochanter.  Special  attention  is  given  to  having  the  head  and 
shoulders  raised  high.  Only  in  operations  upon  the  perineum  is  the  injection  made 
with  the  patient  sitting. 


Fio.  503. — Showing  Flexed  Posture  or  Patient 
and  Point  for  Making  Lumbar  Puncture, 
One  Centimeter  to  the  Side  of  the  Median 
Line,  and  Between  the  Third  and  Fourth 
Lumbar  Spines. 
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In  speaking  of  the  technic,  it  will  be  well  to  dwell  upon  a  phenom- 
enon which,  in  many  cases,  is  supposed  to  be  due  to  some  error  in  the 
method.  At  times  it  will  happen  that,  even  though  the  injection  has 
been  perfectly  successful,  still  no  anesthesia  follows.  To  this  class  are 
naturally  not  to  be  referred  those  cases  in  which,  on  account  of  abnormal 
ossification  or  deformities  of  the  spinal  column,  the  injection  has  been 
impossible,  but  only  those  cases  in  which  the  injection  has  really  been 
accomplished.  A  great  variety  of  causes  for  these  failures  have  been 
already  touched  upon.  For  example,  it  has  been  said  that  alkalis  will 
destroy  the  effect  of  the  anesthetic;  that  the  injected  solution,  instead  of 
entering  the  subarachnoid  space,  may  possibly  be  deposited  in  the  epi- 
dural space,  or  among  the  nerve-fibers  at  one  side  of  the  cauda  equina, 
in  which  cases  failures  or  one-sided  anesthesias  will  be  the  result.  Laza- 
rus26 has  pointed  out  that,  even  in  an  eventual  hemorrhage,  the  alkalin- 
ity of  the  blood  would  be  sufficient  to  destroy  the  anesthesia.  Moreover, 
too  often  repeated  and  violent  sterilizations  of  the  anesthetics  should  be 
thought  of  as  possible  causes,  but,  allowing  for  all  these  technical  errors, 
there  yet  remains  a  group  of  cases  in  which  the  explanation  of  the 
failure  must  be  ascribed  to  a  certain  insusceptibility  to  the  anesthe- 
tizing agent.  The  frequency  of  these  failures  is  very  variously  esti- 
mated by  the  different  authors,  and  the  majority  of  cases  belong 
generally  to  the  earlier  series  of  spinal  anesthesias,  which  goes  to  show- 
that,  with  a  more  skilful  technic,  these  failures  are  becoming  more  and 
more  infrequent.  Defranseschi,27  for  example,  gives  one  such  failure 
in  420  cases  of  tropacocain;  Sonnenburg28  and  Holtzbach20  none  in  83 
and  80  cases.  The  collected  statistics  from  Moabit  (Oelsner,  loc  cit.) 
give,  however,  no  less  than  63  cases  in  875  cases  of  stovain  and  novo- 
cain subarachnoid  anesthesia.  In  case  of  such  an  insufficient  anes- 
thesia, it  will  be  necessary  either  to  resort  to  narcosis,  which  has  proved 
to  be  without  danger  or,  if  the  maximum  dose  has  not  been  given,  to 
repeat  the  injection. 

FINAL  REMARKS. 

I  have  sought  to  picture  the  present  status  of  subarachnoid  anesthesia. 
Certain  difficulties  in  the  method  yet  exist,  but  we  have  reason  to 
believe  that  these  difficulties  will  be  overcome  by  continued  work  and 
additional  experience,  and  I  am  of  the  opinion  that  the  method,  in  a 
large  number  of  cases,  will  be  of  great  help,  and  that,  for  this  reason,  it 
will  not  be  abandoned.  Tropacocain  is  at  the  present  time  the  anes- 
thetic which  is  most  frequently  employed,  and  is  the  least  dangerous. 
It  seems  to  me  that  the  right  road  for  future  work  in  this  field  has  been 
pointed  out  by  Barker,30  who  was  the  first  to  emphasize  the  importance 
of  the  weight  of  the  injected  solution,  and  other  conditions  within  the 
subarachnoid  space.  Although  a  5  per  cent,  solution  of  tropacocain 
is  somewhat  heavier  than  the  cerebrospinal  fluid,  it  might  still  be  of  ad- 
vantage to  increase  its  specific  gravity  by  the  addition  of  grape-sugar, 
thus  substituting  a  tropacocain-grape-sugar  solution  for  Barker's  stovain- 
grape-sugar  solution,  in  spite  of  the  fact  that  stovain  has,  in  the  hands 
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of  Barker,  proved  itself  so  free  from  danger.     Subarachnoid  anesthesia, 

however,  cannot   entirely  take  the   place  of   narcosis  because  of  its 

dangers,  and  should  be  used  only  in  those  cases  in  which  narcosis  is 

contra-indicated.     An  inconvenience  for  a  great  number  of  patients  is 

also  connected  with  the  method,  viz.,  it  does  not  abolish  consciousness, 

as  Keen31  (1897)  says:     "The  ideal  anesthetic  will  not  be  one  which 

will    abolish   pain    without    abolishing   consciousness.     To   have    the 

patient   aware   of   surgical   emergencies  which    test   even   a  veteran 

operator's  skill  and  resources  to  the  utmost  would  frequently  invite 

death  by  the  terror  which  it   might  occasion.     The  ideal  anesthetic 

will  abolish  pain  by  the  abolishment  of  consciousness,  but  without 

danger  to  life." 
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CHAPTER  LXXXII. 
THE  SURGERY  OF  THE  INFECTIOUS  DISEASES, 

By  George  E.  Armstrong,  M.  D., 

MONTREAL. 

Because  of  its  importance  and  varied  lesions,  the  first  place  may 
quite  properly  be  assigned  to  typhoid  fever. 

THE  SURGERY  OF  TYPHOID  FEVER. 

No  disease  can  better  illustrate  the  "  Grenzgebiete  der  Medizin  und 
Chirurgie."  Holscher  found  that  24  per  cent,  of  2000  fatal  cases  died 
of  the  fever,  and  76  per  cent,  of  the  complications  and  sequels.  These 
in  great  part  are  surgical.  The  profession  is  indebted  to  Keen  for  a 
monograph  on  "  The  Surgical  Complications  and  Sequels  of  Typhoid 
Fever"  *  that  may  be  called  classic.  It  brought  prominently  forward, 
in  convenient  form,  an  immense  amount  of  information  and  stimulated 
observation  and  inquiry  among  physicians  and  surgeons,  and  induced 
treatment  that  has  led  to  a  distinctly  lessened  rate  of  mortality. 

The  list  of  surgical  complications  is  a  long  one,  including  intestinal 
perforation,  inflammation  of  bones  and  joints,  infection  of  the  bile- 
passages,  the  formation  of  abscesses,  intermuscular  and  glandular,  etc. 
The  wide  distribution  is  more  easily  understood  since  the  discoveiy  of 
the  bacillus  of  typhoid.  Its  presence  in  the  blood  in  85  or  90  per  cent, 
of  all  cases  makes  more  plain  what  would  otherwise  be  inexplicable. 

Perforation  of  the  Bowel.— The  most  important  and  the  most 
fatal  complication  is  intestinal  perforation.  Its  frequency  has  been 
estimated  at  from  £  of  1  to  1 1  per  cent.  Its  relative  frequency  in  mild 
and  severe  cases  is  not  yet  clearly  determined,  but  it  is  quite  probable 
that  it  is  more  common  in  the  latter  and  in  the  ambulatory  class. 

Holscher,  in  2000  fatal  typhoid  cases,  found  114  perforations,  or 
5.7  per  cent.  Osier  found  in  80  typhoid  autopsies  20  perforations,  or 
25  per  cent.  In  the  Montreal  General  Hospital  during  the  eight  years 
just  passed  the  percentage  in  the  different  years  has  varied  from  2}  to 
9  per  cent.  In  all  there  were  1405  cases  of  typhoid,  with  70  perforations, 
or  4.98  per  cent.  Harte  and  Ashhurst l  report  a  collection  of  8881  cases, 
with  225  perforations,  or  2.54  per  cent.,  which  would  seem  to  represent 
a  fair  average. 

That  it  is  more  frequent  in  the  northern  latitudes  of  both  continents 
is  the  general  impression.     As  contributory  causes  may  be  mentioned 

*  W.  B.  Saunders  Co.,  Philadelphia,  1898. 
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intestinal  parasites,  unnecessary  moving  of  the  patient,  vomiting,  and 
extreme  peristalsis  (Zesas2). 

The  old  rule  to  begin  the  treatment  of  typhoid  by  a  good  calomel 
purge  at  the  outset  may  be  really  a  scientific  practice.  It  clears  away 
a  lot  of  deleterious  decomposing  matter,  and  leaves  the  long  intestinal 
tube  in  a  cleaner  and  healthier  condition,  and  a  less  favorable  field 
for  those  exciting  causes  which  act  mechanically  by  causing  great 
distention,  irregular  peristalsis,  and  vomiting. 

There  do  not  seem  to  be  any  good  grounds  for  attributing  to  the 
cold  bath  an  increase  in  the  frequency  of  this  most  unfortunate  com- 
plication. True,  symptoms  of  perforation  have  been  observed  during 
the  administration  of  a  bath.  In  a  hospital  where  large  numbers  of 
cases  receive  the  bath  treatment  it  could  hardly  be  otherwise.  On  the 
contrary,  there  is  little  doubt  that  perforations  are  at  least  quite  as 
common  in  cases  treated  without  as  in  those  with  baths. 

Perforations  occur  with  almost  equal  frequency  during  the  third, 
fourth,  and  fifth  weeks  of  typhoid.  Osier  observed  one  on  the  eighth 
day,  and  Briggs,5  on  the  sixth  day.  It  has  been  reported  as  occurring 
as  late  as  the  seventy-second,  seventy-sixth,  and  one  hundred  and 
tenth  day.  Devic  and  Froment4  discussed  its  occurrence  late  in  the 
disease,  and  conclude  that  it  has  happened  frequently  during  relapses 
in  certain  epidemics. 

The  perforations  are  generally  in  the  lower  part  of  the  ileum,  the 
terminal  3  feet  (in  95.5  per  cent,  of  cases  within  the  first  18  inches), 
where  there  is  the  greatest  abundance  of  lymphoid  tissue.  This  is 
fortunate,  in  that  it  simplifies  the  diagnosis  to  some  extent  and  directs 
the  operator  in  finding  and  closing  the  opening.  The  exceptions, 
however,  are  of  sufficient  moment  always  to  be  borne  in  mind.  It 
may  be  in  the  jejunum,  in  any  part  of  the  ileum,  in  the  appendix, 
ascending,  transverse,  or  descending  colon,  in  the  sigmoid,  or  in  Meckel's 
diverticulum.  Again,  the  perforation,  although  usually  opposite  the 
mesenteric  attachment,  where  the  lymphoid  tissue  is  most  abundant 
and  the  blood-supply  least,  may  occur  between  the  layers  of  the  mesen- 
tery of  the  small  or  large  bowel.  In  the  latter  case,  the  fact  of  its 
occurrence  may  only  be  definitely  determined  when  a  comparatively 
-slowly  developed  abscess  bulging  into  one  or  the  other  loin  is  evacuated. 
Within  the  abdomen  such  an  abscess  may  be  mistaken  for  a  suppurating 
mesenteric  gland. 

Fortunately,  in  about  84  per  cent,  of  the  cases  the  perforation  is 
single.  The  possibility  of  a  second  or  third  perforation  being  present 
must,  however,  be  borne  in  mind.  Spots  likely  soon  to  perforate  may 
sometimes  be  unfolded  and  sutured  over.  Even  more  disappointing 
and  disastrous  are  those  second  or  third  perforations  occurring  days 
after  the  closure  of  the  first.  In  one  of  my  own  cases  the  second  per- 
foration occurred  twenty-four  days  after  the  closure  of  the  first.  The 
third  occurred  four  days  later.  The  edges  of  the  abdominal  incision 
had  parted  when  the  stitches  were  removed  after  the  second  perfora- 
tion, and  the  perforated   coil  of  gut  was  exposed.     Four  days  later  a 
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fourth  perforation  occurred  in  the  exposed  and  isolated  intestine,  with 
considerable  hemorrhage. 

The  immediate  results  of  perforation  depend  upon  the  full  or  empty 
state  of  the  gut,  the  size  and  situation  of  the  opening,  the  presence  or 
absence  of  adhesions,  the  activity  of  the  peristalsis,  the  bacteriology, 
the  treatment,  and  the  resisting  power  of  the  patient.  There  may 
follow  an  acute  peritoneal  sepsis,  peritonitis  with  a  yellow  purulent 
exudate,  or  a  fibrinopurulent  peritonitis  (Mikulicz).  That  an  adhesive 
peritonitis  may  occur  in  typhoid  perforation  can  no  longer  be  questioned, 
although  its  rarity  is  well  known.  The  adhesion  may  be  to  the  abdomi- 
nal wall,  a  neighboring  coil  of  intestine,  or  a  protecting  fold  of  omentum. 

Tavel  and  Lanz,  as  well  as  Benvenuti  and  Fedeli  (Zesas2),  have 
experimentally  proved  what  had  been  suspected  clinically,  and  shown  at 
autopsies,  that  bacteria,  and  particularly  colon  bacilli,  under  favorable 
circumstances,  can  wander  through  the  unperf orated  intestinal  wall. 
Peritonitis  may  also  be  due  to  the  transmigration  of  parasites  through 
the  diseased  wall  of  the  bowel  (Ross5). 

The  changes  in  the  lymphoid  tissue  consist  chiefly  in  proliferation 
of  the  endothelial  cells  of  the  lymph-  and  blood-vessels.  They  show 
a  marked  tendency  to  gorge  themselves  with  lymph-cells.  This  is 
aided  by  the  mechanical  ischemia  produced  by  choking  of  the  vascular 
channels  and  by  the  direct  action  of  the  typhoid  toxins.  The  toxins 
would  seem  to  be  the  agents  producing  the  agglutination  thrombosis 
of  the  erythrocytes  in  typhoid  fever,  and  predispose  to  sloughing,  either 
molecular  or  massive. 

Although  more  common  in  adults,  and  at  the  age  most  susceptible 
to  the  typhoid  poison,  children  are  by  no  means  exempt.  In  them 
typhoid  is,  as  a  rule,  mild  and  extensive  ulceration  rare.  Typhoid 
ulceration  is  said  to  be  uniformly  absent  in  the  fetus.  Griffith6  reports 
6  perforations  in  children  under  thirteen  years  of  age,  and  Elsberg,7 
in  a  series  of  289  cases,  found  25  in  children  under  fifteen  years  of  age. 

Symptoms. — The  earliest,  most  important,  most  constant,  and  most 
suggestive  symptom  is  pain.  In  the  very  great  majority  of  cases  its 
onset  is  sudden  and  severe,  "le  coup  de  poignard  peritoneal."  It  is 
generally  referred  to  the  lower  abdomen  and  often  rather  to  the  right 
of  the  median  line.  Exceptionally  it  is  slight  or  even  absent.  This 
may  be  the  case  when  some  friendly  adhesion  seals  the  opening  tem- 
porarily, when  the  patient  is  apathetic,  or  when  the  perforation  is 
between  the  layers  of  the  mesentery  of  the  bowel.  The  location  of 
the  pain  is  dependent  in  part  upon  its  situation,  but  sometimes  is 
referred  to  unusual  situations,  as  the  end  of  the  penis,  the  perineum 
or  the  epigastrium,  for  reasons  not  yet  satisfactorily  explained. 

Tenderness,  localized  or  general,  is  nearly  always  present. 

Vomiting  is  by  no  means  a  constant  symptom,  but  when  present 
for  the  first  time  in  association  with  pain  and  tenderness  is  significant. 
Increased  resistance  or  rigidity  is  present,  as  a  rule.  Rounding  up 
of  the  abdomen  is  nearly  always  apparent.  The  pulse  generally  loses 
quality,  and  the  temperature  alters,  more  commonly  falls,  more  or  less, 
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although  an  important  rise  is  sometimes  observed  and  is  probably 
equally  significant,  notwithstanding  Dieulafoy's  dictum.  Defecation 
and  urination  have  succeeded  the  pain,  within  a  few  minutes,  in  a  large 
number  of  our  cases.  The  first  stool  consists  of  the  feces  present  at 
the  time  in  the  rectum  and  sigmoid;  frequently  within  an  hour  or  two 
it  is  followed  by  another  containing  a  tinge  of  blood.  Suppression  of 
stools  is  a  less  common  occurrence.  In  addition  to  the  above  there 
is  a  changed  expression,  the  patient  has  obviously  altered  for  the 
worse,  without,  as  a  rule,  passing  at  all  into  a  condition  of  shock. 
Perforation  is  more  frequent  and  more  fatal  in  men  than  in  women. 

Diagnosis. — True  it  is  that  perforation  is  the  most  lethal  complica- 
tion of  enteric  fever,  and  equally  true  it  is  that  early  diagnosis  is  the  most 
vital  question  in  perforation,  present  or  suspected.  When  the  symp- 
toms are  all  present,  error  is  rare.  The  diagnosis  is  that  of  peritonitis. 
Peritonitis  may  be  present  without  macroscopic  perforation.  This 
statement  is  confirmed  by  -the  Munich  autopsies  and  by  numerous 
operators,  among  whom  may  be  mentioned  Goodall,8  Spencer,  Hawkins, 
and  many  others.  One  might  expect  propagation  peritonitis  to  be  of 
a  milder  type,  the  pain  less  severe  and  more  generalized,  but  Queirolo 
has  shown  that  it  may  be  attended  by  just  as  severe  pain  and  just  as 
acute  an  onset.  No  trustworthy  guidance  can  be  obtained  from  blood 
examination. 

The  great  thing  is  a  keen  appreciation  of  the  elusiveness  of  per- 
foration, and  constant  watchfulness  that  the  first  and  most  indefinite 
evidence  of  its  occurrence  may  not  remain  unnoticed.  The  diagnosis, 
often  extremely  difficult,  sometimes  impossible,  can  generally  be  made 
with  comparative  certainty.  The  difficulties  are  demonstrated  by 
the  occasional  opening  of  an  abdomen  intra  vita  without  finding  any 
evidence  of  perforation,  and  post-mortem  by  finding  an  undiagnosed 
perforation  with  extensive  peritoneal  infection.  Hence  the  opinion 
that,  in  doubtful  cases,  an  exploratory  incision  is  advisable  and  con- 
servative. It  is  quite  practicable  to  open  the  abdomen  in  a  suspected 
case  under  local  anesthesia.  It  is  not  always  safe,  however,  to  trust 
appearances  at  the  point  of  incision.  There  may  be  no  evidence  of  peri- 
tonitis, no  intestinal  contents  or  effusion  visible,  no  free  gas,  and  yet 
on  going  further  and  examining  the  first  two  or  three  feet  of  the  ileum 
a  perforation  be  found,  nicely  closed  by  adherent  omentum. 

The  differential  diagnosis  of  conditions  simulating  perforation  is 
important.  Hemorrhage,  though  not  attended,  as  a  rule,  by  much 
pain,  is  sometimes  associated  with  perforation,  as  in  a  series  of  cases 
reported  by  Osier.  In  one  instance,  although  no  perforation  was  found, 
the  operator  probably  saved  a  life  by  finding  and  arresting  the  bleeding. 

Volvulus  and  intussusception  may  simulate  perforation  very  closely 
and  mislead  the  most  astute. 

Allyn9  and  Kiliani10  report  perforation  of  the  gall-bladder  in  typhoid. 

The  usual  rules  of  differentiation  between  these  several  conditions 
apply  here  as  elsewhere.  The  possibility  of  their  occurrence  must  be 
kept  constantly  in  mind,  but  the  difficulties  are  often  overwhelming. 
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The  differentiation  between  a  perforation  of  the  ileum  within  a  few 
inches  of  the  valve  and  a  perforated  appendix  vermiformis,  a  right 
pyosalpinx,  or  a  suppurating  mesenteric  gland  can  seldom  be  made 
with  any  degree  of  certainty. 

Prognosis. — The  prognosis  in  typhoid  peritonitis  is  always  grave. 
It  is  better,  when  not  secondary  to  an  actual  perforation,  when  adhe- 
sions limit  the  spread  of  the  infection,  when  recognized  and  treated 
early,  and  in  women  and  children. 

Treatment. — Von  Leyden's  suggestion  in  1884,  that  the  surgical 
was  the  only  rational  way  of  treating  perforations  of  the  stomach  and 
intestines,  came  at  a  time  when  surgical  technic  justified  its  acceptance. 
The  same  year  Mikulicz  closed  a  typhoid  perforation,  in  a  male  forty 
years  of  age,  by  suture.  The  operative  method  of  treatment  obtained 
favor  in  Germany,  England,  and  America.  In  France  it  had  no  status 
until  Dieulafoy  presented  a  paper  before  the  French  Academy  reciting 
the  experiences  of  German  and  English-American  surgeons.  The 
results,  gratifying  to  an  extent,  may  yet  be  greatly  improved  by  earlier 
diagnosis  and  improved  technic. 

In  1898  Keen  collected  83  cases,  of  which  16,  or  19.36  per  cent., 
recovered.  In  1904  Harte  and  Ashhurst1  collected  362  cases,  of  which 
94  or  25.97  per  cent.,  recovered,  and  in  the  same  year  Zesas2  reported 
255  cases  with  95  recoveries,  or  37.25  per  cent. 

It  seems  fair  to  say  that  any  series  of  cases  collected  from  medical 
journals  give  a  percentage  of  recoveries  above  what  really  obtains,  for 
the  simple  reason  that  successes  are  more  frequently  reported  than 
failures.  A  more  correct  estimate  of  the  percentage  of  recoveries  after 
operation  is  obtained  by  analyzing  the  figures  of  the  hospitals,  in  which 
all  the  cases  of  perforation  are  included.  If  this  is  done,  25  per  cent,  of 
recoveries  will  be  found  to  be  a  fair  estimate  of  what  has  been  attained 
up  to  the  present.  It  should  be  observed  that  these  figures  represent 
the  percentage  of  recoveries  in  cases  operated  upon.  They  do  not 
represent  the  percentage  of  recovery  from  typhoid  perforation.  For 
instance,  in  the  Montreal  General  Hospital  during  the  past  eight  years 
49  perforations  were  closed  and  12  recovered,  or  24.4  per  cent.  During 
that  period,  however,  70  perforations  occurred  in  the  hospital,  so  that 
while  the  percentage  of  recovery  in  cases  operated  upon  was  24.4  per 
cent.,  only  17.1  per  cent,  of  the  total  number  of  perforations  recovered. 
Meakins11  reports  the  results  obtained  in  the  Royal  Victoria  Hospital 
of  Montreal  during  the  past  ten  years.  There  were  admitted  1230 
cases  of  typhoid  fever,  and  perforation  occurred  in  32,  or  2.6  per  cent. 
Twenty  of  these  32  were  operated  upon  and  5  recovered,  or  25  per  cent., 
but  only  15.6  per  cent,  of  the  total  number  of  perforations  recovered. 
In  the  remaining  cases  operation  was  not  performed  because  of  the 
hopeless  condition  of  the  patient,  refusal  on  the  part  of  the  patient  or 
friends  to  submit  to  the  operation,  or  to  non-recognition  of  the  lesion. 
These  figures  strongly  suggest  the  great  necessity  for  constant  vigilance, 
and  the  possibilities  for  greatly  increasing  our  percentage  of  recoveries. 
In  Elsberg's7  series  64  per  cent,  of  the  children  under  fifteen  years  of 
vol.  v— 70 
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age  recovered,  but  only  22.4  per  cent,  of  the  adults.  In  children  the 
infiltration  of  the  bowel-wall  is  less.  If  the  mortality  in  typhoid  from 
perforation  is  30  per  cent.,  as  estimated  by  Osier,  then  we  have  reduced 
it  by  half  in  the  cases  operated  on,  but  there  is  an  enormous  number  still 
allowed  to  die  for  want  of  operation. 

In  considering  operative  details,  the  question  of  anesthesia  assumes 
some  importance.  Under  favorable  circumstances  the  abdomen  can 
be  opened  and  the  perforation  closed  under  local  anesthesia,  the  patient 
suffering  comparatively  little  or  even  no  pain.  If  there  is  much  manipu- 
lation of  the  inflamed  peritoneum,  and  if  the  patients  are  nervous  and 
unwilling  to  bear  pain — if  they  are  children,  frightened  at  the  idea  of 
an  operation  and  at  their  surroundings,  or  if  they  are  foreigners  and 
no  one  is  present  who  can  converse  with  them  intelligently,  a  general 
anesthetic  is  usually  a  necessity.  The  employment  of  local  anesthesia 
should  be  the  rule,  reserving  general  anesthesia  for  the  exceptional 
cases  in  which  the  former  is  inadequate.  The  patient  may  be  washed 
and  prepared  before  its  administration,  or,  in  exploratory  cases,  incision 
may  be  made  under  a  local,  and  a  general  anesthetic  be  administered 
later,  if  required.  The  general  experience  is  that  typhoid  patients 
do  not  suffer  from  a  short  administration  of  a  general  anesthetic,  as  in 
opening  the  abdomen  and  closing  the  perforation.  In  fact,  very  com- 
monly their  condition  during  the  immediately  succeeding  twelve  or 
fourteen  hours  is  appreciably  improved.  Under  a  general  anesthetic 
one  certainly  feels  more  at  liberty  to  make  a  "brief  survey  of  the  neighbor- 
ing coils,  perhaps  closing  in  the  base  of  neighboring  ulcers  or  following 
the  lead,  as  did  Killiani,10  when,  after  closing  two  perforations  in  the 
ileum,  noticing  a  bright  yellow  color  in  the  abdominal  fluid,  extended 
the  incision  and  found  two  small  perforations  in  the  fundus  of  a  gangren- 
ous gall-bladder.  Cholecystectomy  was  performed.  This  seems  to  be 
the  only  instance  so  far  recorded  of  operation  for  apparently  simul- 
taneous perforation  of  the  gall-bladder  and  ileum  in  typhoid.  Allyn9 
reports  a  case  in  which  a  suspected  perforation  could  not  be  found; 
the  autopsy,  however,  revealed  an  opening  1  cc.  in  diameter  in  the 
gall-bladder,  communicating  with  a  small  opening  in  the  hepatic  flexure 
of  the  colon.  The  simultaneous  perforation  of  the  gall-bladder  and 
colon  were  apparently  the  result  of  contact  infection. 

Remembering  the  wide  distribution  of  typhoid  ulcers,  one  cannot 
but  be  on  the  alert  to  the  possibility  of  more  than  one  having  perforated. 
Little  need  be  said  as  to  the  time  to  operate.  By  common  consent 
we  may  adopt  Keen's  rule:  Operate  at  the  earliest  possible  moment 
in  the  absence  of  shock.  If  shock  is  present  and  is  severe,  wait  for  a 
reasonable  time,  but  not  too  long.  The  result  obtained  during  the  first 
twelve  hours  is  better  than  during  the  second,  and  in  the  second  than 
in  the  third.  The  situation  of  the  pain  and  tenderness  may  suggest 
the  point  of  incision.  In  the  absence  of  special  indication,  it  may  be 
in  the  median  line  or  a  little  to  the  right  through  the  rectus.  The 
perforation  is,  as  a  rule,  easily  and  quickly  closed  by  sutures.  Excep- 
tional conditions  may  demand  exceptional  resources — as,  for  example, 
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Da  Costa's13  case,  where,  between  the  perforation,  which  was  situated 
a  little  over  two  feet  from  the  valve  and  was  closed  by  suture,  and  the 
valve  itself,  there  were  several  ulcers  on  the  point  of  perforating,  one 
being  at  the  extreme  lower  end  of  the  ileum.  To  have  inverted  them 
would  have  destroyed  the  lumen  of  the  bowel.  The  patient's  condition 
was  absolutely  desperate,  and  resection  was  not  to  be  thought  of, 
particularly  as  the  situation  of  the  ulcers  would  have  made  it  imperative 
to  resect  a  portion  of  the  colon  with  a  portion  of  the  ileum.  He,  there- 
fore, performed  an  enterostomy  on  the  proximal  side  by  Bodine's 
method.  Although  secondary  perforation  occurred  on  the  proximal 
segment  of  the  gut  ten  days  later,  fortunately  it  was  among  the  adhe- 
sions and  not  into  the  peritoneal  cavity,  and  the  patient  ultimately 
recovered.  Gibbon13  is  of  the  opinion  that  in  such  cases  it  is  better 
to  surround  the  perforated  bowel  with  gauze  and  establish  thorough 
drainage.  Le  Conte14  coincides  with  Gibbon's13  view  that  the  safest 
plan  is  to  wall  off  this  area  of  intestine  with  gauze  from  the  general 
peritoneal  cavity.  There  is  then  less  danger  of  a  second  perforation 
proving  fatal,  and  the  hazardous  procedure  of  resection  is  avoided. 
Anderson,15  impressed  with  the  idea  that  death  may  be  due  to  toxemia 
from  the  absorption  of  the  contents  of  a  paralyzed  gut,  tries  partly  to 
empty  the  bowel  through  the  perforation  before  closing  it. 

The  making  of  the  toilet  of  the  peritoneum  is  one  upon  which  there 
is  still  great  difference  of  opinion.  Some  carefully  wash  out  the  cavity 
with  warm  sterilized  salt  solution.  A  few  wipe  off  the  patches  of 
adherent  lymph,  and  it  would  appear  that  the  majority  drain  freely. 
It  may  be  said  that  some  of  the  most  satisfactory  results  have  been 
obtained  in  cases  where  there  was  little  or  no  washing,  no  wiping,  and 
as  little  handling  of  the  intestines  as  was  possible.  It  is  difficult  to 
appreciate  the  unintentional  traumatism  caused  to  the  delicate  peri- 
toneal surface  by  the  most  careful  handling  and  douching  of  the  peri- 
toneal cavity.  The  recovery  of  the  patient  depends  largely  upon  the 
normal  or  excessive  functional  activity  of  this  great  lymph-sac.  To 
clean  and  sterilize  is  impossible  without  at  the  same  time  lessening 
the  power  of  the  peritoneum.  Aside  from  the  unavoidable  trau- 
matism, there  is  the  great  question  of  spreading  the  infection.  The 
Fowler  position  must  be  used  in  these  patients  with  care.  No  harm 
and  much  good  may  come  from  providing  a  way  of  escape  for  the  sero- 
purulent  effusion  and  other  matters  by  means  of  a  cigarette  drain  or  a 
tul>e  carried  to  the  bottom  of  the  pelvis. 

In  extreme  cases  there  would  seem  to  be  a  great  lack  of  reparative 
power,  fortunately  not  observed  within  the  abdomen,  but  seen  in  the 
almost  complete  absence  of  union  between  the  edges  of  the  incision. 
On  removing  the  sutures  on  the  fifteenth  day  or  even  later, — in  one  case 
on  the  twentieth  day, — the  edges  fell  apart.  They  looked  pale  and 
flabby  and  give  no  evidence  whatever  of  repair. 

A  late  sequel  of  typhoid  ulceration  is  reported  by  Harrison  Young. 
The  lower  twenty-two  inches  of  the  ileum  were  found  in  a  state  of 
chronic  contraction  two  and  one-half  years  after  an  attack  of  typhoid. 


1108  THE   SURGERY    OF    THE    INFECTIOUS    DISEASES. 

Sudden  intestinal  obstruction  developed  after  a  jolt  on  horseback. 
The  patient  died  eighteen  days  later,  with  symptoms  of  a  second  attack 
of  typhoid  fever.  The  stricture  was  due  to  two  bands  in  the  sub- 
mucous tissue,  believed  to  be  due  to  old  typhoid  ulcerations.  There 
were  old  cicatrices  of  the  mucous  membrane,  and  four  recent  ulcers 
in  the  ileum,  one  of  which  had  perforated.  There  was  also  a  perfora- 
tion in  the  cecum.  The  presence  of  post-typhoid  narrowing  of  the 
lumen  of  the  intestines  is  a  demonstration  of  a  mixed  infection.  In- 
testinal lesions  due  to  the  typhoid  bacillus  in  pure  culture  recover 
perfectly  and  leave  little  trace  of  their  previous  existence.  The  ileum 
was  enormously  dilated  above  the  constriction.  The  recent  and  fatal 
ulcerations  were  not  thought  to  be  typhoid  in  origin. 

Stricture  of  the  Esophagus  after  Typhoid  Fever.— Esophageal 
stricture  with  complete  closure,  occurring  in  a  male  aged  seventeen, 
after  a  severe  typhoid  followed  by  a  tedious  convalescence,  is  reported 
by  Plummer16;  other  similar  cases  were  collected  by  Keen. 

Typhoid  Appendicitis. — In  their  pathologic  classification  Kelly 
and  Hurdon17  note  the  following  three  types:  1.  That  in  which  the 
lymphoid  tissue  of  the  appendix  participates  in  the  typhoid  lesions. 
2.  That  in  which  a  secondary  infection  with  pyogenic  organisms  is 
ingrafted  upon  the  typhoid  infection.  3.  Those  in  which  a  simple 
appendicitis  develops,  the  appendix  not  being  involved  in  the  typhoid 
infection,  but  in  which  it  is  probable  that  the  attack  is  precipitated  by 
the  congestion  which  accompanies  the  fever.  That  a  gangrenous  or  a 
perforated  appendicitis  may  occur  during  an  attack  of  typhoid  is 
obvious.  Jopson18  gives  an  interesting  example.  The  difficulty  in  dif- 
ferentiating between  an  appendicitis  and  a  typhoid  perforation  is  fully 
recognized.  The  seriousness  of  a  major  operation  during  the  course  of 
typhoid  is  fully  appreciated.  The  advisability  of  operating,  therefore, 
is  a  subject  of  the  keenest  interest.  The  surgeon  sails  between  Scylla 
and  Charybdis.  The  humiliation  involved  in  a  needless  operation 
is  only  exceeded  by  that  felt  on  finding  the  operation  undertaken  too 
late. 

Kelly,  Murphy,  and  Deaver  advise  delay,  emphasizing  the  high 
mortality  of  appendicitis  in  typhoid  and  advising  operation  only  when 
there  is  pus  or  perforation. 

The  large  percentage  of  recoveries  in  cases  of  typhoid  perforation 
operated  on  after  thirty-six  hours  is  explained  by  the  fact  that  a  patient 
who  survives  the  perforation  so  long  has  a  mild  infection,  spreading 
slowly  enough  to  permit  a  combative  reaction  on  his  part,  or  a  limitation 
of  the  infection.  Harte  and  Ashhurst1  report  13  cases  operated  on 
within  five  days,  with  4  recoveries;  2  cases,  within  two  weeks,  with  1 
recovery;  2  cases  after  two  weeks,  with  1  recovery. 

Typhoid  Perforation  of  the  Gall-bladder.— Perforation  of  the 
gall-bladder  in  typhoid  is  a  rare,  but  exceedingly  fatal  complication. 
In  1898  Keen  was  able  to  report  30  cases.  In  1903  Erdman10  reported 
1  of  his  own  and  3  others.  In  1904  Willis20  reported  1  case.  In  1907 
Kiliani10  reported  another  case,  unique  in  the  coexistence  of  2  perfora- 
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tions  of  the  ileum  and  a  double  perforation  of  the  gall-bladder  in  the 
same  patient.  No  others  have  been  found  in  American,  English, 
French,  or  German  literature.  Zesas,2  in  his  very  full  paper  reporting 
250  cases  of  perforative  peritonitis,  makes  no  mention  of  gall-bladder 
perforations.  Of  the  36  cases,  4  recovered.  Nine,  including  the  4  that 
recovered,  were  operated  on.     None  recovered  without  operation. 

The  pathology  of  gall-bladder  perforation  is  unlike  that  of  intestinal 
perforation  in  that  there  are  no  aggregations  of  lymphoid  tissue  in  the 
gall-bladder  to  undergo  coagulation  necrosis.  It  is,  nevertheless,  the 
result  of  infection.  (Vide  infra.)  It  is  not  yet  clear  whether  in  the 
cases  of  perforation  the  infection  is  of  the  mucosa,  with  subsequent 
ulceration,  or  of  the  gall-bladder  wall  with  necrosis,  or  of  the  two  con- 
ditions together.  Nor  can  it  be  said  whether  the  perforation  is  the 
result  of  infection  with  the  typhoid  bacillus  in  pure  culture  or  in  associa- 
tion with  streptococci  and  staphylococci.  It  may  occur  independently 
of  gall-stones.  Of  the  36  cases,  gall-stones  were  present  in  8  and  absent 
in  17. 

The  fact  that  none  of  the  cases  not  operated  on  survived,  and  that 
4  of  the  9  cases  submitted  to  operation  recovered,  points  clearly  to  the 
proper  course  to  pursue.  In  Allyn's9  case  perforation  was  secondary 
to  adhesion  with  the  colon  beneath. 

Typhoid  Infection  of  the  Liver  and  Bile-passages.— That 
the  liver  becomes  occasionally  infected  during  enteric  fever  was  noted 
by  Louis  in  1838  and  by  many  subsequent  writers.  To  bacteriology, 
however,  we  owe  our  present  better  understanding  of  the  nature  and 
path  of  the  infection  and  its  relation  to  hepatic  abscess,  cholelithiasis, 
and  cholecystitis. 

The  rather  astonishing  discovery  has  now  been  made  that  a  typhoid 
bacillus  cholecystitis  may  be  present  in  people  in  whom  there  is  no 
evidence  whatever  of  typhoid  fever  either  past  or  present.  Five  such 
cases  are  reported  by  Pratt.21 

Whether  the  bacilli  pass  to  the  liver  by  the  bile-duct,  the  portal 
vein,  or  the  hepatic  artery  is  difficult  to  demonstrate;  probably  in  all 
three  ways.  That  they  may  live  in  the  bile-passages  for  a  long  time 
is  shown  by  Moynihan's22  case,  in  which  they  were  found  in  the  bile  in 
pure  culture  seven  years  after  an  attack  of  typhoid,  and  in  Camac's 
case  after  twenty  years.  They  are  also  found  in  gall-stones  years  after 
recovery  from  the  fever.  During  typhoid  a  pure  culture  of  the  bacillus 
is  more  likely  to  be  found  there  than  elsewhere,  and  is  no  doubt  often 
the  cause  of  the  not  infrequent  concurrent  cholangitis  and  cholecystitis. 
In  the  opinion  of  many  clinicians,  the  late  exacerbations  of  fever  and 
the  relapses  are,  as  suggested  by  Chiari,  reinfections  from  the  biliary 
tract.  Doerr  and  others  go  so  far  as  to  suggest  that  typhoid  patients 
are  in  some  instances  a  menace  to  the  community.  I  have  just  been 
consulted  by  a  medical  man  for  pain  in  the  course  of  the  colon,  whose 
stools  six  years  after  an  attack  of  typhoid  contained  typhoid  bacilli  in 
almost  pure  culture. 

In  the  liver  they  lodge  in  the  portal  radicals.     The  liver  is  often 
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diffusely  enlarged,  and  many  abscesses  are  sometimes  found,  having  a 
well-defined  lining  membrane.  It  is  thought  by  Roger23  that  when  the 
abscesses  are  single  or  few  in  number,  the  infection  is  through  the 
hepatic  artery.  They  are  then  of  larger  size  and  have  no  well-defined 
lining  membrane.  There  may  be  present  as  coexisting  conditions 
abscess  in  the  parotid,  mastoid,  mesenteric  glands,  or  a  suppurating 
perichondritis  of  the  larynx.  When  the  infection  has  arrived  through 
the  ducts,  the  abscesses  have  no  pyogenic  membrane,  the  pus  usually 
contains  blood,  is  dark  in  color,  and  the  surrounding  hepatic  tissue  is 
markedly  inflammatory.  Jaundice  is  sometimes  present.  The  pus 
is  generally  of  a  light  color,  except  in  pyosepticemic  cases,  when  it  is 
of  a  darker  color.  The  prognosis  is  bad.  They  may  live  fifty  or  one 
hundred  days  and  die  of  exhaustion  or  peritonitis.  Some  have  recovered 
after  passing  blood  in  the  stools.  In  the  cases  that  have  recovered  the 
abscesses  have  probably  followed  a  pylephlebitis.  Treves  operated 
in  a  case  that  recovered.  Sheldon24  could  not  find  a  case  of  hepatic 
abscess  of  arterial  origin  that  got  well. 

Pain  in  the  hepatic  region,  chills,  enlargement  of  the  liver,  and 
tenderness  are  suggestive.  The  aspirator  may  be  used  as  a  diagnostic 
aid. 

Single  abscesses  should  be  opened  and  drained.  Surgical  inter- 
ference is  contra-indicated  in  multiple  abscesses,  but  drainage  of  the 
bile-passages  through  the  gall-bladder  may  be  of  service. 

Typhoid  Pancreatitis. — Moynihan  operated  upon  a  boy  thirteen 
years  of  age  for  recurring  pains  in  the  upper  abdomen  after  a  slow  and 
unsatisfactory  convalescence  from  typhoid.  No  gall-stones  were 
found,  but  the  head  and  part  of  the  body  of  the  pancreas  were  enlarged 
to  double  the  normal  size  and  very  hard.  The  gall-bladder  was  drained 
for  four  weeks.  After  three  weeks'  drainage  typhoid  bacilli  were  still 
present.  Urotropin  was  then  administered,  and  they  disappeared  in 
a  few  days.     Recovery  was  complete. 

Typhoid  Spleen. — Splenic  abscess  after  typhoid  has  only  been 
observed  in  about  20  cases.  As  to  the  path  of  infection,  there  is  still 
much  speculation.  We  can  only  say  that  when  it  is  remembered  that 
in  85  or  90  per  cent,  of  typhoid  patients  the  bacilli  are  found  in  the 
blood,  it  is  perhaps  a  matter  of  wonder  that  we  do  not  more  frequently 
find  these  abscesses  in  the  spleen  and  also  in  the  brain,  the  lungs,  liver, 
kidneys,  pleura,  pericardium,  abdominal  wall,  and  extremities.  In 
addition  to  direct  infection  of  the  spleen  itself  there  have  been  reported 
a  few  instances  of  subdiaphragmatic  abscess  on  the  left  side,  containing 
typhoid  bacilli  in  pure  culture,  and  thought  to  be  secondary  to  splenic 
infection.  Fortunately,  the  perisplenitis  is  a  common  accompaniment, 
uniting  the  spleen  by  adhesion  to  the  parietes.  Thirteen  of  the  20  cases 
so  far  reported  died  without  operation.  In  3  typhoid  bacilli  were 
found  at  post-mortem;  5  patients  recovered  after  operation.  In  2  of 
these  typhoid  bacilli  were  found;  in  2  the  pus  was  sterile  and  in  1  no 
bacteriologic  examination  was  made  (Esau25).  In  the  sixth,  the 
patient  died  after  operation  and  streptococci  were  found  in  the  pus. 
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In  the  seventh,  the  details  of  which  have  not  been  published,  typhoid 
bacilli  were  found  in  the  splenic  abscess. 

The  diagnosis  of  splenic  abscess  is  extremely  difficult.  It  is  some- 
times a  late  complication,  appearing  after  convalescence  is  established. 
Sweats  and  hectic  fever  may  be  present.  A  left-sided  pleurisy  may 
develop  simultaneously  and  be  of  considerable  diagnostic  value.  Splenic 
abscess  must  be  differentiated  from  empyema.  Importance  should  be 
given  to  the  swelling,  especially  to  the  rapid  development  of  the  spleen, 
expansion  of  the  left  side  of  the  abdomen,  and  the  fact  that  when  the 
patient  turns  upon  the  right  side,  a  feeling  of  distress  with  difficulty 
in  breathing  is  experienced.  Pain  in  the  left  shoulder  has  been  com- 
plained of. 

The  prognosis  is  good  in  early  operation. 

Treatment. — Evacuation  of  the  pus  is  generally  followed  by  quick 
recovery.  The  left  pleura  must  be  carefully  avoided.  Esau's25  case 
developed  sixty-two  days  after  the  beginning  of  the  fever.  The  diagnosis 
was  confirmed  by  puncture.  The  tumor  continued  to  enlarge.  Three 
days  after  aspiration  the  abscess  was  opened  by  an  incision  parallel 
with  the  lower  border  of  the  ribs.  About  200  cc.  of  yellow  pus  with 
shreds  of  splenic  tissue  mixed  with  it  were  evacuated.  Typhoid  bacilli 
were  not  found.     The  patient  made  an  excellent  recovery. 

Hemorrhage  from  the  spleen  in  typhoid  is  rare.  In  132  cases  of 
rupture  collected  by  Berger,  5  were  suffering  from  typhoid.  Kammerer26 
found  a  tear  in  the  capsule  in  a  case  of  typhoid  from  which  the  splenic 
tissue  protruded  like  a  mushroom.  Another  tear,  followed  by  alarming 
hemorrhage,  occurred  during  the  manipulation,  and  he  removed  the 
spleen.  The  patient  lived  twelve  hours.  Berger  states  that  "lesions 
exclusively  of  the  capsule  are  without  danger,  because  they  do  not 
cause  hemorrhage/ ' 

Typhoid  Osteitis  and  Periostitis.— The  infection  of  the  bones 
in  typhoid  is  another  evidence  of  the  wide  diffusion  of  the  bacillus. 
The  greater  frequency  with  which  some  bones  are  invaded  than  others . 
is  striking.  Of  Keen's  216  cases,  the  tibia,  femur,  ulna,  humerus,  and 
ribs  were  the  seat  of  the  disease  in  179,  or  over  82  per  cent.  In  the 
forearm  the  ulna,  which  would  be  in  contact  with  the  bed,  was  involved 
15  times  and  the  radius  only  twice.  In  the  leg  the  exposed  tibia  was 
affected  91  times  and  the  fibula  only  3  times. 

Although  a  single  focus  is  very  common,  yet  multiple  foci  are  by 
no  means  infrequent.  In  Fisk's30  case  there  were  4. lesions;  one  over 
the  crest  of  the  right  tibia,  one  over  the  ninth  and  tenth  ribs,  one  over 
the  supraspinous  process  of  the  right  scapula,  and  one  over  the  left  hip. 
Many  other  examples  are  to  be  found  in  literature.  There  may  be  also 
multiple  foci  of  disease  in  the  same  bone.  In  Brewer's29  case  there  were 
4  in  one  leg,  both  in  the  tibia  and  fibula,  and  3  in  the  other  leg. 
When  2  foci  of  disease  are  present  in  one  bone,  one  may  go  on  to 
resolution  without  the  formation  of  pus  or  bone  necrosis,  and  the  other 
require  incision  and  trephining  of  the  bone,  as  in  one  of  the  Montreal 
General  Hospital  cases.     Bone  disease  but  rarely  develops  during  the 
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course  of  the  fever — more  commonly  during  convalescence  or  the  suc- 
ceeding three  to  six  weeks.  In  a  number  of  cases,  however,  the  disease 
has  only  appeared  months  or  even  two  or  three  years  after  the  fever. 

It  may  be  an  osteitis,  osteoperiostitis,  or  periostitis.  In  the  reported 
cases  there  has  been  a  vagueness  in  the  discrimination  between  the 
different  forms.  This  must  of  necessity  be  the  case,  because  of  the 
difficulty  in  differentiating  clinically  between  periostitis  and  osteoperi- 
ostitis in  the  milder  forms  which  do  not  suppurate.  Pathologists 
assure  me  that  there  is  distinct  evidence  found  in  the  autopsy  room  of 
periostitis  occurring  without  evidence  of  infection  in  the  bone  or  the 
medullary  canal,  but  in  most  cases  coming  to  the  operating-table  there 
is  evidence  of  the  bone  itself  being  involved  as  well  as  its  covering.  In 
many  cases  a  painful  tender  node  may  appear  and  subside  under  the 
influence  of  rest  and  local  treatment,  or  sometimes  without  any  treat- 
ment. It  may  reappear  again  after  a  few  weeks  or  months  and  again 
subside,  and  later  on,  perhaps,  again  reappear  and  go  on  to  suppuration. 

Etiology. — In  rare  instances  the  bone  infection  has  extended  into 
a  joint  and  set  up  an  arthritis. 

The  important  pathologic  factor  in  typhoid  bone  disease  is  the 
bacillus  typhosus  of  Eberth,  either  alone  or  in  association  with  some 
other  microorganism,  more  commonly  the  staphylococcus  or  colon 
bacillus.  It  may  be  due  to  thrombosis,  it,  in  turn,  being  due  to  large 
phagocytic  endothelial  cells  which  come,  probably,  from  the  spleen  or 
other  lymphatic  tissue.  Post-typhoid  bone  lesions  are  sometimes 
present  without  immediate  association  with  typhoid  bacilli.  Mixed 
infection  is  very  common,  usually  with  staphylococci  and  colon  bacilli 
from  the  intestines,  where  they  are  normally  present.  It  is  probable 
that  the  typhoid  bacilli  escape  from  the  intestines  through  the  bases 
of  Peyer's  patches,  enter  the  blood-stream,  and  produce  a  typhoid  sep- 
ticemia of  more  or  less  virulence  in  85  or  90  per  cent,  of  all  cases.  We 
now  know  that  in  low  states  of  the  system  other  germs,  the  staphylo- 
cocci and  the  colon  bacilli,  and  probably  the  streptococci,  may  escape 
through  the  intestinal  wall,  in  the  normal  parts  of  the  gut,  enter  the 
blood-stream,  and  prove  a  source  of  mixed  infection.  This  seems  to 
be  the  most  probable  explanation  of  the  determination  of  the  exact 
locus  in  the  bones  and  the  presence  of  a  pure  typhoid  or  mixed  infection 
in  individual  cases. 

The  late  appearance  of  the  bone  lesions  in  a  considerable  number 
of  the  cases  is  in  itself  evidence  that  the  typhoid  and  probably  other 
germs  as  well  may  remain  latent,  but  yet  potent  for  a  variable  period, 
or  until  rendered  active  by  some  exciting  cause.  In  other  words,  that 
there  may  be  established  a  commensal  relationship  between  the  host 
and  the  pathogenic  organisms.  Schiller7  found  typhoid  bacilli  able 
to  live  and  remain  active  on  silk  thread  for  one  or  two  years.  In 
Buschke's31  case  the  typhoid  bacilli  had  retained  their  vitality  and 
pyogenic  properties  for  over  seven  years.  Clinically,  it  has  been  fre- 
quently noted  that  muscular  exertion  and  traumatism  have  apparently 
been  the  exciting  cause  of  the  bone  lesion  at  a  time  when  the  patient 
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seemed  to  be  quite  recovered  and  in  good  health.  This  has  been  noted 
in  typhoid  spine  as  well  as  in  other  skeletal  bones. 

Probably  in  the  majority  of  cases  the  infection  of  the  long  bones 
is  primarily  in  the  medulla,  spreading  through  the  bone  to  the  under 
surface  of  the  periosteum.  Small  cavities  form,  sometimes  filled  with 
pus  and  sometimes  with  granular  tissue.  There  may  be  a  pocket  in  the 
medulla  and  another  beneath  the  periosteum,  the  two  connected  by 
a  narrow  channel,  forming  Chantemesse's  "bouton  de  chemise''  or 
44 shirt-stud  abscess."  Sequestrum  formation  occurs,  but  only  rarely 
in  comparison  with  sequestrum  formation  in  ordinary  osteomyelitis 
from  pyogenic  organisms.  In  Battle's28  case  perfect  recovery  without 
sequestrum  occurred,  although  the  periosteum  had  been  separated  all 
around  from  the  shaft  of  the  femur  over  its  lower  third.  On  the  other 
hand,  although,  fortunately  but  rarely,  a  large  sequestrum  may  form, 
as  in  Mears,:c  case,  when  a  sequestrum  was  removed,  consisting  of  the 
greater  portion  of  the  body  or  alveolar  process  of  the  upper  jaw,  with 
parts  of  the  nasal,  malar,  and  palatine  processes,  and  the  teeth  as 
far  forward  as  the  canine.  Keen  suggests  that  blocking  of  a  main 
trunk,  or  more  likely  a  widespread  vascular  arrest  in  many  smaller 
vessels,  may  be  the  cause  of  the  extensive  destruction  both  of  the  bone 
and  the  adjacent  soft  parts. 

Horsley33  collected  48  cases  of  osteomyelitis  of  the  ribs  and  costal 
cartilages.  Sequestra  were  found  in  3  of  them.  They  were  small 
and  easily  removed,  but  they  demonstrate  that  Paget's  teaching  that 
sequestrum  formation  did  not  occur  in  the  ribs  is  not  always  true.  In 
20  of  Horsley 's  cases  more  than  one  rib  was  involved.  The  fifth, 
sixth,  seventh,  and  eighth  were  the  ones  more  frequently  affected. 
Forty  were  in  women  and  seven  in  men,  which  is  about  the  relative 
proportion  in  which  the  sexes  suffer  from  typhoid  bone  disease  in  general. 
These  patients  were  nearly  all  adults,  the  changes  that  occur  with  age, 
the  vascularization,  and  the  breaking  of  fibers  in  the  intercellular  sub- 
stance being  suggested  as  the  reason.  The  frequency  of  rib  involve- 
ment may  in  part  be  due  to  their  superficial  position  and  to  their  being 
constantly  pulled  up  and  down  by  the  muscles. 

The  symptoms  are  those  of  a  mild  periostitis  or  osteomyelitis.  Pain, 
tenderness,  and  swelling  are  present,  with,  as  a  rule,  but  little  heat. 
Redness  is  a  late  symptom  and  generally  indicates  involvement  of  the 
overlying  soft  tissue.  The  constitutional  symptoms  are  usually  slight. 
If  abscess  forms  in  the  soft  tissue,  fluctuation  will  be  present. 

The  prognosis  is  good.  Frequently  the  symptoms  gradually  sub- 
side without  abscess  formation  and  without  operation.  They  may 
recur  at  the  same  or  another  point,  weeks  or  months  later,  and  while 
the  patient  is  in  apparent  good  health.  This  recurrence  and  sub- 
sidence may  be  repeated  several  times. 

Treatment. — As  soon  as  the  nature  of  the  lesion  is  recognized,  the 
patient  should  rest,  the  part  should,  if  possible,  be  elevated,  and  ice 
applied  locally. 

It  is  highly  probable  that  the  treatment  by  passive  hyperemia 
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may  be  found  exceedingly  useful.  According  to  the  location  of  the 
disease,  this  may  be  best  accomplished  by  the  Stauungsbinde  or  the 
Saugapparat  of  Bier  and  Klapp.34  This  is  hardly  the  place  to  discuss 
its  modus  operandi,  but  evidence  of  its  efficiency  in  non-tuberculous 
as  well  as  tuberculous  disease  of  the  bones,  joints,  and  soft  tissues  is 
steadily  accumulating.  Superficial  abscesses  should  be  punctured 
and  the  Saugapparat  applied.34 

If  the  medulla  of  the  long  bones  or  ribs  is  involved,  the  bone  should 
be  trephined,  the  pus  or  granulation  tissue  removed  with  a  sharp  curet 
or  chisel,  and  the  cavity  sterilized  with  pure  carbolic  acid,  followed  by 
alcohol  or  by  a  1  per  cent,  solution  of  formalin.  In  favorable  cases 
the  cavity  rapidly  fills  up.  In  others  a  sinus  persists.  In  these  latter 
cases  it  is  altogether  likely  that  the  bacilli  are  widely  diffused  through 
the  bone  and  had  not  all  been  removed.  Here  a  resection  of  a  larger 
portion  of  the  bony  walls  will  likely  be  successful.  In  the  case  of  the 
ribs,  costal  cartilages,  and  sternum  it  is  often  necessary  to  resect  a 
considerable  portion.  This  must  be  done  with  care,  as  the  underlying 
pleura  is  not  likely  to  be  much  thickened  and,  therefore,  is  easily  torn. 
The  accident  should  not  prove  deleterious  if  a  rigid  technic  is  followed. 

The  length  of  time  that  a  sinus  may  persist — months,  in  some 
cases  years,  exposed  to  all  sorts  of  infection  from  dirty  dressings  or  no 
dressings  at  all — and  yet  yield  a  pure  culture  of  the  typhoid  bacillus 
is  remarkable. 

Typhoid  Spine. — McCrae36  has  advanced  our  knowledge  by  demon- 
strating, in  2  cases,  the  deposit  of  new  bone  and  its  exact  seat.  "In 
one  it  filled  the  intervertebral  space  between  the  second  and  third  lumbar 
vertebrae,  apparently  being  deposited  in  the  lateral  ligament  and 
forming  bony  union  between  the  two  vertebrae.  In  the  second  the 
process  extended  from  the  second  to  the  fifth  vertebrae,  and  appeared 
to  involve  both  the  lateral  ligaments  and  part  of  the  intervertebral 
disks." 

It  is  more  commonly  observed  in  the  lower  dorsal  and  lumbar 
regions.  These  are  the  regions  most  dependent  upon  the  muscles  for 
support.  They  are  the  most  movable  parts,  and  the  parts  one  would 
think  most  subject  to  strain,  particularly  toward  the  end  of  typhoid, 
when  the  muscular  support  is  less  than  usual.  Koenig35  states  that 
abscess  and  sequestrum  formation  may  occur.  Witzel  has  suggested 
that  the  back  may  be  injured  in  the  bathing  of  typhoid  patients. 

Fluss37  emphasizes  the  necessity  of  avoiding  overexertion  or  a  fall 
after  typhoid  and  other  acute  infectious  diseases.  In  6  of  Lord's  26 
cases  mechanical  strain  preceded  the  onset;  in  2  a  fall;  in  2  blacksmith- 
ing;  in  1  stair-climbing,  and  in  1  twisting  the  spine  while  sawing.  It 
is  a  rare  complication.  Fluss37  collected  46  cases  from  literature  and 
McCrae38  adds  2.  Pain  is  usually  the  principal  symptom.  It  is  generally 
referred  to  the  lower  dorsal  or  lumbar  region,  and  may  radiate  around 
the  body  and  down  the  legs.  The  pain  in  some  cases  is  paroxysmal 
and  occasionally  of  extreme  severity,  not  easily  influenced  by  morphin 
or  other  drugs.     It  is  generally  aggravated  by  any  movement,  and 
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the  patient  is  in  fear  of  being  touched.  Kuhn  ascribes  the  spinal 
symptoms  to  inflammatory  edema  of  the  spinal  cord,  and  Lord38  to 
periostitis  and  pressure  upon  the  nerves. 

Fluss37  found  tenderness  in  19  of  his  46  cases,  especially  over  the 
lower  dorsal,  lumbar,  and  sacral  vertebrae.  Paresthesia  and  anesthesia 
were  present  in  8  cases;  the  reflexes  were  altered  in  11.  Ankle-clonus 
was  noted  in  3  of  Fluss's37 -cases. 

McCrae's38  skiagraph  suggests  that  the  spinal  symptoms  may  be 
due  to  the  pressure  of  new  bone  or  a  communicated  inflammation. 
The  altered  reflexes,  the  wasting,  and  the  disturbance  of  sensation 
indicate  that  the  nerves  are  involved  either  by  pressure  or  contiguity. 
Tenderness  on  pressure  is  a  valuable  sign.  The  presence  of  Kernig's 
sign  has  suggested  the  occurrence  of  pachymeningitis.  Paratyphoid 
infections  are  of  a  similar  nature.  The  resemblance  to  arthritis  defor- 
mans is  apparent.  The  fever  present  indicates  organic  change.  Prob- 
ably other  tissues  are  involved,  and  it  would  seem  fair  to  assume  that 
the  cartilages  and  the  fibrous  structures  may  take  part  in  the  inflam- 
matory process.  In  other  cases  spondylitic  arthritis  may  be  present, 
although  typhoid  infection  of  any  joint  is  rare. 

In  Neisser's39  case  an  incision  was  made  in  the  swelling  of  the  right 
lumbar  region,  and  a  portion  of  muscle  removed  that  showed  marked 
degeneration  with  diminution  of  the  nuclei,  in  part  destruction  of  the 
sarcolemma,  and  vacuole  formation.  These  changes  were  considered 
to  be  due  to  contiguity  rather  than  to  a  secondary  neuritis.  The  whole 
spine  may  be  rendered  rigid  by  muscular  fixation.  Scoliosis  has  been 
observed  as  present  temporarily,  and  in  some  cases  thought  to  be 
neurotic.  Neurasthenia  and  hysteria,  when  present,  are  rather  evi- 
dences of  long-continued  pain  than*  of  organic  changes  in  the  bones. 

The  resemblance  to  arthritis  deformans  has  already  been  referred 
to.  It  is  not  unlikely  that  similar  changes  may  occur  after  other  infec- 
tious diseases,  such  as  typhus,  scarlet  fever,  influenza,  endocarditis, 
measles,  rheumatism,  gonorrhea,  tonsillitis,  and  pyemia.  The  sub- 
sequent course  and  development  depend  upon  the  bacteriology  of  the 
infection,  particularly  whether  pyogenic  or  non-pyogenic. 

Since  Ponfick's  first  communication  in  1893,  evidence  has  been 
gradually  accumulating  that  tends  to  establish  his  position  as  correct 
that  nearly  all  the  skeletal  bones  may  be  infected  by  the  various  acute 
infectious  diseases.  Witzel  reports  a  series  of  cases  in  which  an  acute 
inflammation  of  the  cervical  joints  followed  diphtheria  and  scarlet 
fever,  and  Gibney,  one  of  the  cervical  vertebrae  being  involved  in 
typhoid. 

When  the  infection  is  from  the  typhoid  bacillus,  recovery  is  the 
general  rule.  Only  in  some  instances  where  mixed  infection  occurs 
is  there  abscess  formation  with  destruction  of  tissue. 

The  pain,  the  dread  of  movement,  the  tenderness  to  pressure,  the 
fixity,  and  occasional  deformity  render  the  diagnosis  clear  in  most  cases. 
If  these  patients  are  asked  to  pick  up  anything  from  the  floor,  they 
stoop  as  if  suffering  from  Pott's  disease,  bending  their  knees  and  hips 
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and  climbing  up  and  down  on  their  legs.  Kyphosis,  if  present,  woujjj 
confirm  the  diagnosis.     Deformity  was  present  in  8  of  Lord's38  cases. 

Treatment. — Rest  in  bed  is  important  and  may  be  necessary  for 
a  period  of  several  months.  In  fact,  rest  in  bed  is  the  main  reliance 
in  the  treatment.  In  severe  cases,  where  the  pain  is  not  relieved  by 
rest,  immobilization  is  indicated.  A  leather  corset  may  greatly  increase 
the  patient's  comfort  and  contribute  to  recovery.  Some  have  applied 
the  cautery  and  antiphlogistic  remedies.  An  ice-coil  applied  to  the  back 
is  often  soothing,  and  at  the  onset  may  be  of  value  as  an  inhibitive 
remedy.  In  severe  cases  the  treatment  should  be  as  active  as  for 
tuberculous  spondylitis. 

Schanz  recommends  placing  the  spine  in  a  lordosis  position  as  much 
as  possible,  as  this  relieves  the  pain.  Newcome  applied  extension 
with  an  8-pound  weight  for  a  month.  Quincke  also  applied  extension 
in  one  case,  with  improvement  in  six  months.  Franke  emphasizes 
the  necessity  of  extreme  caution  in  the  handling  of  all  affections  of 
the  bones  and  joints  after  influenza  and  other  infectious  diseases.  Irri- 
tation of  the  mildest  form  is  likely  to  aggravate  the  condition.  Mer- 
curials are  indicated  if  there  is  any  suspicion  of  lues.  Spondylitis 
typhosa  would  seem  never  to  end  in  pus  formation,  even  though  accom- 
panied by  high  fever  and  deformity  (kyphosis).  The  entire  arch  of 
the  fourth  thoracic  vertebra  was  found  decayed.  During  convales- 
cence massage  is  of  service.  These  patients  should  be  encouraged, 
as  although  the  condition  is  tedious,  lasting  from  two  weeks  to 
thirteen  months,  yet  complete  recovery  is  nearly  always  assured.  It 
is  probably  safer  to  treat  cases  of  persistent  lumbago  occurring  after 
typhoid  as  typhoid  spine. 

Epidural  Typhoid  Abscess.^Intimately  associated  with  the 
subject  of  typhoid  spine  is  the  following  unusual  as  well  as  interesting 
case  of  abscess  formation  in  the  fatty  and  cellular  tissue  in  the  epidural 
space,  reported  by  Raymond  and  Sicard.40  A  man,  aged  forty-eight, 
suffered  from  typhoid  in  January,  1905.  In  the  following  March,  while 
still  in  the  convalescent  stage,  he  complained  of  severe  pain  in  the  right 
hypochondrium,  right  iliac  fossa,  and  right  leg.  The  iliac  fossa  seemed 
swollen  and  puffy.  Motor  and  sensory  paralysis  gradually  developed 
in  the  right  leg  and  on  the  opposite  side.  In  May,  two  and  one-half 
months  after  the  onset  of  the  paralysis,  there  was  almost  complete 
paraplegia,  accompanied  by  paroxysms  of  intense  pain.  Muscular 
atrophy  was  present,  and  the  reaction  of  degeneration  in  the  quadri- 
ceps and  adductors  of  the  right  thigh.  The  area  supplied  by  the  crural 
nerve  was  sometimes  hyperesthetic  and  sometimes  hypo-esthetic. 
The  sphincter,  patellar,  and  Achilles  tendon  reflexes  were  absent.  There 
was  no  clonus  and  no  Babinski.  The  temperature  varied  between 
98°  and  101.5°  F.  Raymond  and  Guillain  had  published  a  case  of 
ascending  neuritis  of  the  lumbar  plexus  after  appendicitis,  and  the 
puffiness  and  the  swelling  in  the  right  iliac  fossa  suggested  the  idea  that 
this  was  a  case  of  extension  of  infection  from  an  appendicular  focus — 
the  metatyphoid  of  Dieulafoy.     It  was  decided,  however,  to  make  an 
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exploratory  lumbar  puncture.  To  their  great  surprise,  as  soon  as 
the  needle  penetrated  the  ligament  between  the  third  and  fourth 
lumbar  vertebrae  and  entered  the  epidural  space,  pus  began  to  flow. 
On  examination,  it  was  found  to  contain  typhoid  bacilli.  On  the  fol- 
lowing day  laminectomy  was  performed,  the  arches  of  the  third  and 
fourth  lumbar  vertebra?  being  removed.  Half  a  spoonful  of  pus  mixed 
with  blood  was  obtained,  and  a  drain  left  in  position.  The  bones,  so 
far  as  could  be  determined,  were  unaffected.  By  means  of  a  Pravaz 
syringe  a  little  cerebrospinal  fluid  was  removed  which  was  clear  and 
devoid  of  cells.  The  symptoms  gradually  disappeared  and  the  patient 
made  a  good  recovery. 

Typhoid  Affections  of  the  Joints,— The  joints  are  not  involved 
in  typhoid  with  anything  like  the  frequency  with  which  the  bones  are 
affected.  Keen  found  only  84  cases  reported  during  a  period  of  fifty 
years.  Of  the  84  cases,  the  lower  extremities  were  affected  in  70, 
the  upper  in  only  17,  7  of  the  cases  involving  a  joint  in  both.  Sur- 
prising as  it  may  be,  spontaneous  dislocation  occurred  in  43  of  the  84 
cases:  40  times  in  the  hip,  twice  in  the  shoulder,  and  once  in  the  knee. 
Almost  all  of  the  patients  have  been  under  twenty  years  of  age.  Rare 
instances  of  pyemic  joints  have  been  reported  as  occurring  in  typhoid. 
Much  more  common  is  the  involvement  of  several  joints,  particularly 
the  smaller  ones,  and  generally  regarded  as  rheumatic  in  character, 
whatever  that  may  mean. 

Interest  centers  largely  in  the  monarticular  form,  the  larger  joints, 
particularly  the  hips,  shoulders,  elbows,  and  knees,  being  affected. 
There  is  not  very  uncommonly  a  moderate  effusion,  which,  as  a  rule, 
disappears  as  unobtrusively  as  it  came.  In  other  instances  the  effusion 
increases  in  amount,  the  ligaments  become  stretched,  and  conditions 
favoring  an  easy  dislocation  obtain.  The  hip-joint  has  been  dislocated 
oftener  than  any  other.  The  strong  unyielding  Y-ligament  holds 
firmly  in  front,  and  the  head  becomes  displaced  on  the  dorsum  of  the 
ileum.  A  poor  girl  was  admitted  to  my  own  service,  in  the  Montreal 
General  Hospital  some  years  ago,  before  the  x-ray  apparatus  was  avail- 
able for  diagnosis,  with  the  right  hip  dislocated  on  the  dorsum  of  the 
ileum,  the  left  hip  and  both  knees  being  at  the  same  time  firmly  anky- 
losed.  She  had  just  recovered  from  a  very  severe  form  of  enteric  fever, 
and  bore  the  scar  of  a  huge  bed-sore  over  the  sacrum,  an  accompani- 
ment of  dislocation,  by  the  way,  not  uncommon.  In  all  cases  in  which 
suppuration  occurs  there  is,  in  all  probability,  a  mixed  infection. 

Achard  et  Bensaude41  found  the  paracolon  or  paratyphoid  bacillus 
in  the  pus  removed  from  a  suppurating  sternoclavicular  joint  of  an 
infant. 

The  possibility  of  serious  joint  trouble  in  typhoid  patients,  par- 
ticularly in  those  under  twenty,  demands  that  more  than  cursory  heed  be 
given  to  all  complaints  of  pain  in  or  about  the  articulations.  The  in- 
flammatory effusion  can  often  be  controlled  by  appropriate  local  treat- 
ment, and  displacements  prevented  by  securing  and  maintaining  proper 
positions  and  preventing  contractions  that  predispose  to  dislocation. 
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Typhoid  Larynx. — According  to  Landgraf ,  laryngeal  complications 
cause  11  per  cent,  of  the  mortality  of  enteric.  Typhoid  lesions  of  the 
larynx  have  special  characteristics  in  regard  to  their  seat,  form,  and 
course  that  are  so  typical  that  they  form  a  separate  class  deservedly 
considered  typhoidal. 

In  1894  Schultz  demonstrated  the  presence  of  typhoid  bacilli  in 
sections  and  cultures  from  swollen  lymphoid  nodules  in  the  larynx. 
There  may  be  a  submucous  laryngitis  in  which  the  deeper  tissues  are 
involved,  or  an  ulcerative  laryngitis  or  a  perichondritis.  According  to 
Keen  and  Liming,  perichondritis  followed  by  necrosis  of  the  cartilages 
is  the  most  common  form  of  laryngeal  disease  in  typhoid,  the  cricoid 
and  next  to  it  the  arytenoid  cartilage  being  most  frequently  involved. 
Ulcerations  are  common,  but  Keen  thinks  that  perichondritis  causes 
necrosis  more  frequently  than  ulceration.  True  typhoid  ulcers  are 
excavated  with  infiltrated  areas  around  them,  and  are  accompanied 
by  important  tissue  changes.  The  non-typhoid  ulcers  resulting  from 
other  pyococci  are  superficial,  only  slightly  undermined,  without  sur- 
rounding infiltration  or  damage  to  neighboring  tissues.  Typhoid 
ulcers  show  a  marked  predilection  for  the  posterior  laryngeal  surfaces. 
They  occupy  the  adenoid  areas  normally  present  in  the  larynx.  The 
epiglottis  is  sometimes  involved.  The  paralysis  sometimes  present 
may  be  due  either  to  a  peripheral  neuritis  or  to  pressure  of  enlarged 
lymphatic  glands  on  the  recurrent  laryngeal  nerve.  Most  cases  are  a 
distinct  typhoid  infection.  Hoarseness  and  change  in  breathing  direct 
attention  to  the  larynx. 

Treatment. — Steam,  alone  or  medicated,  gives  relief  in  mild  cases. 
If  stenosis  is  present,  the  obstructive  dyspnea  may  demand  more  radical 
treatment.  Intubation  has  proved  worse  than  useless.  By  common 
consent  tracheotomy  is  the  operation  indicated.  Of  26  cases,  10  re- 
covered, and  of  these,  9  recovered  after  operation.  Of  16  fatal  cases, 
only  4  were  operated  upon.  Of  60  cases  recovering  after  typhoid 
perichondritis,  11  dispensed  with  the  cannula  in  from  seven  months 
to  six  years;  the  others  wore  the  cannula  permanently.  The  treat- 
ment of  post-typhoid  cicatricial  stenosis  is  unsatisfactory. 

Sexual  Organs. — Among  the  rarer  complications  of  enteric  fever 
are  affections  of  the  sexual  organs  in  both  the  male  and  female. 

Urethritis  in  the  male  has  been  observed  in  a  few  cases.  It  usually 
appeared  during  convalescence,  and  after  continuing  from  one  to  three 
weeks,  subsided  spontaneously  without  treatment.  The  discharge 
was  attended  by  painful  micturition,  which,  in  a  case  quoted  by  Keen, 
became  bloody  and  was  attended  by  symptoms  of  cystitis.  Bacterio- 
logically  the  discharge  contained  micrococci,  especially  the  staphylo- 
coccus pyogenes  aureus,  but  no  typhoid  bacilli  and  no  gonococci. 

More  frequently  orchitis  and  epididymitis  have  been  observed. 
Wescott  collected  32  cases.  Orchitis  was  observed  in  only  4  of  the  series 
of  1500  cases  analyzed  by  McCrae.42  It  usually  appears  late  in  the 
disease  or  during  convalescence,  and  its  onset  is  often  accompanied 
by  elevation  of  temperature  and  sometimes  a  chill.     It  is  accompanied 
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by  severe  pain,  the  testicle  being  generally  involved  before  the  epididy- 
mis. The  primary  involvement  of  the  testis  is  evidence  in  favor  of 
a  hematogenous  infection. 

In  women  ulcers  sometimes  appear  on  the  posterior  vaginal  wall, 
destroy  the  septum,  and  produce  a  rectovaginal  fistula.  In  Keen's 
case  both  a  rectovaginal  and  vesicovaginal  fistula  were  present.  They 
resisted  all  attempts  at  closure.  The  urethra  was  finally  removed, 
the  vaginal  outlet  closed,  and  the  urine  and  menstrual  flow  allowed 
to  pass  through  the  rectovaginal  opening  into  the  rectum.  For  at  least 
twenty-two  years  afterward  she  was  wonderfully  well,  able  to  earn  her 
living  as  a  nurse,  and  to  mingle  with  people  without  being  a  source  of 
annoyance. 

Typhoid  bacilli  have  been  found  in  abscesses  about  the  vagina, 
in  ovarian  abscesses,  in  dermoid  cysts,  and  in  peri-uterine  hematoceles. 

Gangrene  may  occur  about  the  vagina  or  vulva  in  women,  and 
has  been  followed  by  complete  vaginal  occlusion  and  retention  of  the 
menstrual  blood.  Gangrene  about  the  anus  or  perineum  may  occur 
in  either  sex.  The  semiconscious  state  continuing  for  days,  in  a  greatly 
reduced  patient,  together  with  the  unavoidable  soiling  of  the  parts, 
certainly  predispose  to  infection  and  gangrene  unless  the  nursing  is 
efficient. 

A  diagnosis  of  cystitis  is  made  not  infrequently.  True  cystitis 
in  either  sex  is  a  rare  complication,  and  when  present,  may  be  due  to 
the  colon  bacillus,  staphylococci,  or  typhoid  bacilli.  If  the  latter, 
the  course  is  usually  comparatively  mild.  When  long  persistent,  the 
bladder  mucous  membrane  may  be  thickened,  and  ulcers  have  been 
observed.  Hemorrhages  beneath  the  mucous  membrane  occur  not 
infrequently. 

Abscess  of  the  prostate  was  observed  at  autopsy  in  one  of  the  Johns 
Hopkins  cases.     The  bacillus  proteus  was  found  in  the  pus. 

GANGRENE  FOLLOWING  INFECTIOUS  DISEASES. 

Gangrene  as  a  complication  of  typhoid  resembles  in  nearly  all 
particulars  that  associated  with  acute  infection  and  the  infectious 
diseases,  including  cholera,  scarlet  fever,  measles,  chicken-pox,  malaria, 
diphtheria,  influenza,  pneumonia,  erysipelas,  rheumatism,  etc.  In 
more  than  one-half  of  the  cases  the  lower  extremities  are  involved. 
In  females  the  genitals  are  frequently  affected.  The  nose  and  other 
parts  of  the  face,  occasionally  the  ears  and  the  anus,  have  suffered. 

Pressure  is  undoubtedly  the  chief  cause  of  the  decubitus  sores 
and  gangrenous  areas  observed  over  the  sacrum  and  about  the  ears  and 
the  heels.  The  female  genitals  and  the  scrotum  are  exposed  to  more 
or  less  moisture  and  decomposed  secretions  when  personal  hygiene 
is  neglected. 

Gangrene  of  the  extremities  is  probably  in  nearly  if  not  all  cases 
due  to  a  lessened  blood-supply.  The  facility  and  readiness  with  which 
decubitus  sores  develop  after  complete  transverse  lesion  of  the  spinal 
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cord  demonstrate  the  importance  of  a  normal  nerve-supply,  but  so  far 
no  cases  of  gangrene  from  this  cause  seem  to  have  been  reported,  even 
among  the  cases  of  typhoid  spine.  It  is  not  by  any  means  confined  to 
those  suffering  from  arteriosclerosis  or  heart  disease. 

Barraud43  thinks  that  arteriosclerosis  plays  a  minor  part  as  an 
etiologic  factor.  Bacteriology  has  demonstrated  the  presence  of  the 
germs  in  the  blood  and  walls  of  the  blood-vessels.  The  thrombi  would 
seem  to  be  the  direct  result  of  injuries  to  the  vessels  by  infection  during 
convalescence  after  acute  infectious  diseases,  and  the  thrombi  to  be 
autochthonous.  Marked  inflammatory  changes  may  be  present  in  all 
the  coats.  The  prognosis  is  undoubtedly  better  in  those  in  whom  there 
was  no  preceding  arteriosclerosis. 

Arterial  thrombosis  greatly  exceeds  the  venous  in  frequency.  In 
Barraud's  series  there  were  62  of  arterial  thrombosis  with  or  without 
venous,  and  only  4  of  purely  venous  thrombosis.  Of  the  62  cases,  1 1 
had  changes  in  the  heart  in  the  form  of  endocarditis  or  parietal 
thrombosis 

Among  predisposing  causes  may  be  mentioned  lowered  vitality 
of  the  tissues,  a  weak  heart  action,  chronic  nephritis,  and  diabetes. 
It  is  thought  that  many  cases  of  spontaneous  gangrene  take  origin 
in  acute  arthritis.  The  arteries  most  frequently  involved  are  the  pop- 
liteal, femoral,  the  aorta  and  its  branches,  and  the  iliacs.  Embolic 
gangrene  is  more  common  in  the  late  stages  of  pneumonia,  consti- 
tuting 40  per  cent.,  and  still  more  in  acute  rheumatism — 80  per  cent. 
In  typhoid  7  per  cent,  are  embolic,  in  the  puerperium  11  per  cent.,  and 
in  the  acute  infections  10  per  cent. 

There  is  nothing  distinctive  in  the  symptomatology  of  the  gangrene 
due  to  the  infectious  diseases. 

Generally  a  line  of  demarcation  forms,  but  sometimes  the  spreading 
is  so  continuous  that  if  amputation  is  done  at  all,  it  must  be  before 
demarcation  is  distinct. 

The  mortality  is  exceedingly  high.  In  Barraud's  series,  which 
included  cases  occurring  in  pre-antiseptic  days,  it  was  in  typhoid  47 
per  cent.,  in  the  puerperium  44  per  cent.,  in  typhus  70  per  cent.,  in 
rheumatism  80  per  cent.,  in  scarlet  fever  and  pneumonia  each  40  per 
cent.,  and  in  measles  33J  per  cent.  Among  45  recoveries  were  36 
amputations,  3  of  them  being  spontaneous,  and  among  48  deaths  were 
•16  amputations.  While  waiting,  the  extremity  should  be  elevated 
and  sepsis  prevented  as  much  as  possible. 

De  Quervain  recommends  the  local  application  of  alcohol  and 
formalin.  If  the  sepsis  increases  and  the  gangrene  spreads  rapidly, 
amputation  through  sound  tissue  may  offer  the  only  chance  of  recovery. 

SURGICAL  DISEASES  CAUSED  BY  THE  PNEUMOCOCCUS- 

Empyema.— (See  Vol.  III.,  p.  530.) 

Abscess  and  Gangrene  of  the  Lung.— The  surgical  conditions 
associated  with  pneumonia  may  be  regarded  rather  as  rare  sequelae 
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than  as  complications.  Abscess  and  gangrene,  though  commonly  con- 
sequent upon  pneumonia,  may  depend  upon  other  causes  as  well.  Of 
11  cases  of  gangrene  in  the  Montreal  General  Hospital,  9  had  a  probable 
history  of  pneumonia;  in  the  other  2  no  satisfactory  cause  could  be 
assigned.  These  cases  are  often  late  in  coming  to  the  surgeon — from 
the  third  to  the  tenth  week — because  of  the  desire  to  give  methods 
other  than  surgical  a  fair  trial,  and  because  of  the  difficulty  of  localiza- 
tion. In  a  majority  of  our  Montreal  cases  elastic  tissue  has  been  found 
in  the  sputum. 

Treatment. — The  treatment  by  aspiration  and  the  injection  of 
phenol  or  sublimate  solutions  has  not  proved  successful  (Mosler  and 
Koch) .  These  lesions  cannot  be  approached  satisfactorily  without  resec- 
tion of  one  or  two  ribs,  the  second  and  third  in  front  for  lesions  of  the 
upper  lobe,  and  the  sixth,  seventh,  and  eighth  at  the  side  and  back 
for  lesions  of  the  middle  and  lower  lobes. 

The  question  of  the  presence  or  absence  of  adhesion  between  the 
visceral  and  parietal  layers  of  the  pleura  is  an  important  one  to  be 
decided  after  the  subperiosteal  resection  of  one  or  two  ribs.  If  the 
two  pleural  surfaces  are  not  adherent,  incision  of  the  parietal  pleura 
may  be  followed  by  an  in-rush  of  air  and  a  certain  amount  of  collapse 
of  the  lung,  depending,  of  course,  upon  its  adhesion  to  the  chest-wall 
at  other  points,  and  to  its  physical  condition  and  capacity  to  contract. 
In  addition,  there  is  the  obvious  danger  of  an  infective  pleuritis  and 
empyema  if  the  abscess  of  the  lung  is  opened  before  fusion  of  two  layers 
of  the  pleura  has  occurred.  It  is  often  difficult  to  decide  whether 
these  adhesions  are  present  or  not.     The  needle  test  is  not  often  decisive. 

In  87  per  cent,  of  the  cases  (Quincke  and  Garrfc)  they  are  adherent. 
Sometimes  evidence  of  adhesion  is  found  in  the  thickening  and  inflam- 
matory infiltration  of  the  subperiosteal  tissues.  If  in  doubt,  it  is  better 
to  do  the  operation  in  two  stages.  After  the  resection  of  one  or  two 
ribs,  with  a  round  curved  needle,  suture  the  two  layers  together  around 
the  space  exposed,  or,  as  recommended  by  some,  excite  an  adhesive 
inflammation  by  the  local  application  of  chlorid  of  zinc  or  turpentine 
or  by  firmly  packing  the  wound  with  iodoform  gauze.  Two  or  three 
days  later  an  incision  may  be  safely  made. 

In  urgent  cases,  should  the  lung  recede  and  alarming  dyspnea  develop, 
if  the  lung  can  be  caught  by  two  or  three  pairs  of  forceps  and  brought 
out  to  the  chest-wall,  the  breathing  will  become  more  tranquil  (W. 
Muller).  A  row  of  sutures  can  then  be  passed  around  the  opening  and 
the  abscess  drained.  Upon  making  an  incision  the  in-rush  of  the  air 
into  the  pleural' cavity  may  be  easily  arrested  by  the  finger  and  sub- 
sequent packing  of  the  opening  with  gauze. 

When  gangrenous  foci  are  near  the  surface  of  the  lung,  the  super- 
ficial layers  may  be  exceedingly  friable,  and  deeply  placed  sutures  may 
be  required  to  hold  the  lung  in  position.  However,  a  collapse  of  one 
lung  is  not  often  of  serious  import,  and  if  infection  be  avoided,  the  air 
is  gradually  absorbed  and  the  lung  reexpands.  Of  course,  the  other 
side  should  never  be  opened  until  the  first  is  closed. 
VOL.  v— 71 
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Superficial  wounds  of  the  lung  seldom  do  harm  and  are  quickly- 
closed  by  blood-clots.  On  the  other  hand,  deep  wounds  may  injure 
important  vessels  and  be  followed  by  hemorrhage  that  can  only  be 
arrested  by  the  application  of  ligatures.  The  opening  of  a  large  bron- 
chus is  sometimes  followed  by  extravasation  of  air,  but  in  this  case 
the  opening  can  often  be  closed  by  catgut  sutures.  It  is  hardly  neces- 
sary to  add  that  the  opening  in  the  chest-wall  should  not  be  allowed 
to  close  until  the  wound  in  the  lung  is  healed.  The  opening  in  the 
gangrenous  focus  or  the  abscess-cavity  may  be  made  with  a  director 
and  then  enlarged  with  a  pair  of  forceps,  or  may  be  made  with  a  thermo- 
cautery. Unless  a  considerable  layer  of  lung  tissue  overlies  the  cavity, 
there  need  be  little  fear  of  troublesome  hemorrhage.  After  the  cavity 
is  emptied,  the  opening  should  be  enlarged  sufficiently  to  permit  the 
introduction  of  the  finger,  that  the  size  of  the  cavity  may  be  determined 
and  its  relation  to  the  diaphragm,  the  mediastinum,  and,  on  the  left 
side,  to  the  pericardium;  also  the  thickness  of  the  wall,  whether  the 
opening  made  is  at  the  upper  or  lower  limit  of  the  cavity,  and  whether 
the  communication  with  the  bronchus  is  at  the  top  or  at  the  bottom. 
In  middle-lobe  cases  particularly  a  large  bronchus  may  open  into  the 
upper  part  of  the  abscess-cavity,  and  the  surgeon  may  find  that  his 
opening  is  also  at  the  upper  part.  Drainage  in  this  case  is  necessarily 
imperfect  in  the  upright  position,  and,  later  on,  a  second  and  lower 
opening  may  be  necessary  before  a  cure  is  obtained. 

Another  cause  of  delay  has  been  observed,  particularly  in  cases 
of  bronchiectasis,  viz.,  persistence  of  a  sinus  due  to  epitheliation  having 
extended  along  the  drainage  tract  to  the  surface,  which  must  be 
destroyed,  or  the  opening  be  sutured  before  the  sinus  can  be  oblit- 
erated. 

Garrfc  reports  400  cases  of  abscess,  gangrene,  and  bronchiectasis 
treated  surgically,  with  300  recoveries,  or  a  mortality  of  25  per  cent. 
The  best  results  are  obtained  in  abscess  cases  where  the  pus  is  not 
fetid,  when  a  recovery  of  87  per  cent,  was  obtained.  A  larger  mortality 
obtained  in  cases  of  gangrene,  where  34  per  cent,  died,  but  even  this 
is  an  exceedingly  good  result  when  compared  with  the  75  or  80 
per  cent,  mortality  under  expectant  treatment.  The  least  favorable 
results  seem  to  be  obtained  in  bronchiectasis,  which  gives  a  mor- 
tality of  40  per  cent. — the  most  favorable  of  these  being  those  of 
saccular  form,  situated  in  the  lower  lobe.  The  walls  and  overlying 
pleura  in  these  cases  are  sometimes  exceedingly  thick.  Death  in  some 
cases  is  due  to  complications,  such  as  a  second  focus  of  disease  or  to 
metastatic  emboli  in  the  brain.  Subcutaneous  emphysema  is  a  familiar 
condition.  Emphysema  of  the  mediastinum  is  a  possible  accident, 
and  when  moderate  in  amount,  may  produce  but  few  symptoms  and 
pass  unnoticed.  In  extreme  cases  there  may  be  difficulty  in  breathing 
and  swallowing.  An  effort  may  be  made  to  control  or  remove  the  cause. 
The  cardiac  dulness  may  disappear  and  be  replaced  by  a  moist  crackling 
synchronous  with  the  apex-beat. 

Pneumococcic  Pericarditis.— Another   rare   but  most  important 
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complication  of  pneumonia  in  which  the  surgeon  may  be  asked  to  co- 
operate is  seropericarditis  and  pyopericarditis.  Puncture  of  the  peri- 
cardium, first  proposed  by  Riolan  in  1646,  only  became  an  accepted 
operation  in  1840. 

The  best  method  of  withdrawing  fluid  from  the  pericardium  is 
still  a  matter  of  controversy.  Schub  used  a  trocar,  and  since  that  time 
paracentesis  has  been  recognized,  notwithstanding  Trousseau's  effort 
to  substitute  incision.  At  any  rate,  we  have  learned  that  the  heart 
is  a  very  tolerant  organ,  that  the  pericardium  permits  of  great  dila- 
tation, and  in  pyopericarditis  may  be  drained  and  irrigated  with  ease 
and  safety.  As  much  as  200,  300,  800,  and  1000  grams  of  effusion 
have  been  found  in  the  pericardium.  In  one  case  1500  grams  were 
removed  at  autopsy. 

In  the  majority  of  cases  the  heart  floats  free  in  the  fluid.  It  is 
not  yet  definitely  determined  whether,  in  the  absence  of  adhesions, 
the  heart  lies  nearer  the  anterior  or  posterior  wall  of  the  pericardium. 
Of  the  four  methods  of  approaching  the  pericardium,  but  two  require  seri- 
ous consideration.  Trephining  the  sternum  is  seldom  considered,  and 
the  same  is  true  of  approach  from  beneath  the  inferior  border  of  the 
thoracic  cage,  starting  from  the  xiphoid  cartilage.  Although  puncture 
and  incision  must  of  necessity  wound  the  pleura,  yet,  in  the  great  majority 
of  cases,  if  the  diagnosis  is  correct,  aspiration  is  a  comparatively  safe 
procedure,  and  if  the  effusion  is  serous,  may  be  sufficient.  If  the  effu- 
sion is  purulent,  incision  and  drainage  are  indicated.  There  is  always 
the  danger,  however,  of  a  mistaken  diagnosis. 

The  difficulty  in  differentiating  between  pyopericarditis  associated 
with  single  or  double  pneumonia  and  cardiac  dilatation  with  adherent 
pericardium  is  recognized  by  all. 

It  is  now  proved  that  we  need  not  fear  to  evacuate  the  fluid  from 
the  pericardium  rapidly,  and  objections  to  incision  based  upon  this 
argument  no  longer  hold.  In  one  case  reported  by  Eiselsberg,  after 
three  punctures  at  intervals  of  a  few  clays  evacuating  each  time  about 
1  liter  of  pus,  the  fourth  costal  cartilage  was  resected  and  the  peri- 
cardium incised.  It  still  contained  2  liters  of  pus  with  large  fibrinous 
clots. 

Again,  by  incision,  the  pleura  is  safe-guarded  against  infection. 
The  pericardium  need  not  be  opened  until  the  pleura  is  safely  fused 
with  it.  Incision  with  resection  of  one  or  more  costal  cartilages  may 
be  performed  under  local  anesthesia.  The  advantages  of  incision 
are  safety  against  wound  of  the  heart,  greater  protection  of  the  pleura 
from  infection,  a  more  complete  emptying  of  the  j>ericardium,  and  the 
removal  of  fibrinous  masses  so  common  in  pneumococcic  infections, 
together  with  the  opportunity  to  establish  efficient  drainage  and  use 
frequent  irrigation.     (For  the  technic  of  the  operation  see  p.  31.) 

Peritonitis  in  Pneumonia. — The  peritonitis  occasionally  asso- 
ciated with  the  onset  and  course  of  pneumonia  may  be  a  source  of  great 
perplexity  to  the  physician,  and  his  associate,  the  surgeon.  It  may 
be  considered  under  three  heads: 
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First,  those  symptoms  sometimes  present  during  the  development 
of  the  pneumonia,  and,  in  fact,  constituting  in  themselves  the  chief 
objective  and  subjective  signs  in  children  and  adults.  The  condition 
is  often  misleading,  and  on  more  than  one  occasion  I  have  been  sum- 
moned considerable  distances  to  operate  on  such  a  case,  diagnosed  as 
appendicitis. 

It  would  seem  that  in  these  cases  there  is  a  simultaneous  infection 
of  the  lung  and  peritoneum,  the  latter  nearly  always  subsiding  as  the 
disease  develops  in  the  former. 

Whenever  the  onset  of  peritonitis  is  accompanied  by  rapid  and 
catchy  breathing,  evidences  of  pneumonia  should  be  carefully  and 
repeatedly  looked  for.  The  physical  signs  of  pneumonia  may  be 
found  at  the  base,  but  not  always.  They  are  first  observed  in  some 
cases  in  the  mid-chest  region,  and  without  other  evidence  of  the  involve- 
ment of  the  diaphragmatic  pleura. 

Second,  peritonitis  may  occur  during  the  course  of  pneumonia 
about  the  sixth  day,  or  two  or  three  weeks  later,  more  especially  if  the 
convalescence  is  slow.  The  onset  is  not  as  sudden  as  in  peritonitis 
from  perforation.  Both  children  and  adults  may  be  affected,  the 
former  more  frequently.  The  irritative  matter  enters  the  peritoneal 
cavity  from  the  thorax  by  way  of  the  lymph-vessels  of  the  diaphragm 
or  by  the  blood-stream. 

In  many  cases  the  peritonitis  remains  or  soon  becomes  localized, 
and  ends  in  resolution  and  absorption  of  the  inflammatory  product. 
In  these  cases,  however,  adhesions,  permanent  in  character,  are  not 
infrequently  formed,  and  give  rise  to  recurring  colicky  pain,  and  in 
some  cases  to  symptoms  of  incomplete  obstruction.  In  other  cases 
localized  abscess  forms,  with  a  tendency  to  develop  anteriorly  and  open 
spontaneously  near  the  navel. 

Third,  at  the  end  of  a  severe  pneumonia,  in  some  instances 
neglected,  there  occasionally  develops  a  profound  sepsis,  sometimes 
associated  with  pyopericardium,  and  an  abdominal  condition  that 
is  much  in  evidence  and  is  most  misleading.  There  may  be  extreme 
distention,  complete  constipation,  and  frequent  regurgitation  from 
the  stomach  of  a  dark-brown  fluid,  together  with  a  small  pulse,  clammy 
surface,  dry  tongue,  and  anxious  expression  of  countenance.  At  the 
autopsy  the  peritoneum  is  found  perfectly  smooth  and  unaltered,  the 
distention  and  constipation  being  due  to  paralysis  the  result  of  sepsis. 

Such  cases  are  sometimes  sent  into  the  hospital  as  cases  of  obstruc- 
tion. The  differential  diagnosis  can  generally  be  made  by  the  absence 
of  tenderness  and  rigidity  and  the  presence  of  the  associated  conditions. 

Pneumococcic  Peritonitis.— Churton  did  not  find  one  single 
case  of  peritonitis  in  806  cases  of  pneumonia,  and  this  notwithstanding 
the  fact  that  pneumococci  are  present  in  the  blood  in  nearly  all  cases 
of  pneumonia.  Netter  was  regularly  able  to  demonstrate  the  pneumo- 
coccus  in  cover-slip  preparations  from  the  peritoneum  in  patients  dying 
from  pneumonia.  This  observation  has  been  confirmed  by  Flexner 
and  others. 
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Pneumonia,  however,  is  by  no  means  the  only  source  of  pneumo- 
coccic  peritonitis.  The  infection  may  come  from  the  throat,  from  the 
middle  ear,  and  from  intermuscular  abscess  not  connected  with  bone. 
Not  seldom  it  is  a  primary  infection  and  not  secondary  to  any  other 
local  disease. 

The  history  of  pneumococcic  peritonitis  began  in  1885,  when  da 
Bozzolo46  found  numerous  encapsulated  cocci  in  the  exudate  from 
several  serous  cavities  following  nephritis.  In  the  following  year 
Cornil  found  pneumococci  present  in  the  peritoneal  exudate  after  a 
case  of  pneumonia  associated  with  double  empyema  and  pyopericar- 
ditis.  In  1903  von  Bruns  collected  57  cases  of  the  disease  in  children 
and  15  in  adults.  In  1906  Annand  and  Bo  wen48  reported  91  cases  of 
pneumococcic  peritonitis  in  children  below  the  age  of  fifteen  years.  In 
47  of  these  the  peritoneal  infection  seemed  to  be  primary  and  in  30 
secondary  to  a  pneumococcic  infection  of  some  other  part  of  the  body. 
In  14  it  was  impossible  to  say  whether  the  infection  of  the  peritoneum 
was  primary  or  secondary. 

Of  the  secondary  cases,  in  22,  or  73  per  cent.,  the  primary  lesion  was 
in  the  lungs  or  pleura.  Of  the  remaining  8,  in  1  it  was  in  the  umbilicus; 
in  2,  the  throat;  in  3,  the  middle  ear,  and  in  2,  intermuscular  abscesses 
not  connected  with  bone.  In  the  primary  cases  the  most  likely  source 
of  infection  seems  to  be  the  stomach  and  the  intestinal  canal. 

Benzancon  and  Griffon  found  that  pneumococci,  varying  in  numbers 
and  virulence,  were  present  in  the  intestinal  canal  in  nearly  every 
case  of  pneumonia.  Undoubtedly,  in  the  majority  of  cases,  they  are 
destroyed  by  the  gastric  juice,  as  shown  by  Weichselbaum  and  Flexner. 
Cushing  and  Livingood  think  the  bile  has  an  inhibitory  influence  on 
them.  When,  as  a  result  of  disease,  malignant  or  other,  the  gastric 
juice  loses  its  acidity,  pneumococci  are  no  longer  destroyed. 

In  1891  Frankel  reported  a  case  of  fibrinous  pneumococcic  peritoni- 
tis together  with  carcinoma  of  the  stomach  and  omentum.  Pneumo- 
cocci are  usually  found  in  greater  numbers  in  the  lower  intestinal 
canal,  and  several  cases  of  pneumococcic  peritonitis  arising  from  an 
inflamed  appendix  have  been  reported. 

In  11  of  Jensen's47  20  cases  the  infection  apparently  came  from 
the  intestinal  canal.  In  2  out  of  3  patients  with  perforated  gastric 
ulcer  pneumococci  were  found. 

Jensen47  gave  two  young  mice  and  two  young  rabbits  10  cm.  of  a 
highly  virulent  culture  of  pneumococci  by  the  mouth.  One  rabbit  had 
diarrhea,  wasted,  and  died.  A  general  fibrinopurulent  peritonitis  was 
found.  The  gut  was  injected,  and  although  there  was  no  ulceration. 
Peyer's  patches  were  necrotic.  Pneumococci  were  found  in  the  wall 
of  the  gut  and  throughout  the  body.  They  have  been  found  also  in 
purulent  echinococcus  cysts,  in  the  bile-passages,  and  in  perinephritic 
abscesses. 

The  greater  frequency  of  pneumococcic  peritonitis  in  girls  than 
in  boys  has  suggested  the  entrance  of  the  infection  by  the  genital 
organs.     Out  of  58  cases  reported  by  Jensen,47  there  were  7  boys  and 
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51  girls.  This  does  not  prove,  however,  that  the  infection  really  enters 
through  the  genital  organs,  as  generally  at  autopsy  they  are  found 
perfectly  sound.  In  adults  the  condition  is  somewhat  different,  24 
women  and  16  men  being  affected.  Pneumococci  have  seldom  been 
found  in  pus-tubes,  and  would  not  seem  to  be  normally  present  on  the 
vulva  or  in  the  vagina  or  uterus.  Cannon  observed  a  pneumococcic 
peritonitis  as  a  complication  of  cancer  of  the  uterus  and  vagina. 
Another  path  is  through  the  abdominal  wall — as,  for  instance,  during 
the  operation  for  a  radical  cure  for  hernia. 

Pneumococcic  peritonitis  has  been  observed  even  in  a  child  one 
month  old.  It  is  three  times  as  frequent  in  children  as  in  adults, 
and  under  fifteen  years  of  age  it  is  seven  times  as  frequent  in  girls  as  in 
boys.  In  adult  life  the  two  sexes  are  affected  equally.  It  seems  to  be 
more  common  in  spring  and  autumn. 

The  pus  in  pneumococcic  infection  is  generally  of  a  greenish-yellow 
color,  frequently  mixed  with  jelly-like  masses,  this  last  appearance 
being  due  to  an  intimate  mixture  of  the  purulent  and  fibrinous  elements 
of  the  exudate.  In  cases  in  which  post-mortem  has  been  deferred  for 
more  than  twenty-four  hours  the  exudate  may  be  evil  smelling.  A 
mixed  infection  may  occur  from  the  appendix  or  from  gastric  ulcer,  but 
it  is  infrequent.  When  the  process  becomes  localized  in  the  pelvis  or 
the  hypogastrium,  the  limiting  abscess-wall  is  unusually  thick.  When 
diffuse,  it  may  cover  every  part  of  the  peritoneum  with  a  thick,  fibrinous 
exudate.  The  strong  tendency  of  the  pneumococcus  to  form  fibrin 
probably  accounts  for  the  frequency  with  which  the  inflammatory 
process  becomes  localized,  hence  the  division  of  pneumococcic  peritoni- 
tis into  two  classes — the  circumscribed  and  the  diffuse.  Of  91  cases 
collected  by  Annand  and  Bo  wen,48  45  were  encysted. 

Jensen47  states  that  in  25  cases  of  encapsulated  peritonitis  per- 
foration of  the  umbilicus  occurred  in  7.  Other  cases  have  perforated 
through  the  vagina  and  one  through  the  bladder.  Perforation  at 
other  sites  is  rare.  After  spontaneous  evacuation  a  cure  may  result, 
but  more  frequently  drainage  is  required. 

Primary  diffuse  pneumococcic  peritonitis  is  characterized  by  acute- 
ness  of  onset,  severity  of  symptoms,  rapid  prostration  of  the  patient, 
and  in  most  cases  early  death.  Of  the  01  cases  of  Annand  and  Bowen,48 
21  were  of  the  primary  diffuse  form  and  19  of  the  secondary  diffuse  form. 
Pericarditis,  when  present,  is  always  associated  with  pneumonia,  bron- 
chopneumonia, or  empyema. 

The  diagnosis  of  pneumococcic  peritonitis  may  often  be  made  from 
the  clinical  history,  the  peculiarities  of  which  are  the  severe  constitutional 
symptoms:  apathy,  weak  heart,  occasional  dyspnea,  dry  tongue — the 
picture  of  some  general  infection.  It  has  been  most  commonly  mistaken 
for  typhoid,  but  should  be  differentiated  by  the  course  of  the  temper- 
ature curve,  the  absence  of  rose-spots,  the  absence  of  enlarged  spleen, 
and  of  the  Widal  reaction,  and  the  appearance  of  peritoneal  effusion, 
together  with  marked  leukocytosis  and  polynuclear  leukocytes.    Herpes 
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labialis,  which  is  sometimes  present,  is  very  uncommon  in  typhoid.  In 
children  there  is  sometimes  a  close  resemblance  to  appendicitis. 

The  prognosis  in  the  circumscribed  form  without  complications 
and  operated  upon  at  the  proper  time  is  excellent. 

Treatment  of  Pneumococcic  Peritonitis. — The  difficulties  of 
determining  the  nature  of  the  condition  before  a  bacteriologic  exami- 
nation of  the  pus  has  been  made  are  so  great  that  treatment  must  be 
often  undertaken  before  an  exact  diagnosis  has  been  made. 

In  the  encapsulated  form  incision  and  drainage  are  imperative 
and  sufficient,  and  should  be  done  promptly.  The  greenish,  non- 
odorous,  fibrinous  pus  will  demonstrate  pretty  clearly  the  character 
of  the  infection. 

In  the  diffuse  form  incision  and  drainage  are  equally  imperative, 
and  here  again  should  be  done  without  delay.  If  the  pus  is  odorous, 
there  is  probably  a  mixed  infection,  perhaps  with  the  colon  bacilli, 
the  source  of  which  should  be  determined,  if  possible,  and  the  treatment 
modified  accordingly,  as  indicated  by  Munro  in  the  chapter  on  the 
Surgery  of  the  Peritoneum  (Vol.  III.,  p.  773). 

Pneumococcic  Arthritis. — Pneumococcic  arthritis  may  be  pri- 
mary or  secondary  to  pneumonia,  pneumococcic  otitis  media,  a  general 
pneumococcus  septicemia,  or  to  operations.  It  is  a  very  rare  compli- 
cation of  pneumonia — 1  in  800  cases  (Herrick50),  or  1  per  cent.,  accord- 
ing to  Rau.  In  2  cases  the  joint  affection  preceded  the  commence- 
ment of  the  pneumonia  by  three  and  seven  days  respectively,  and 
in  3  cases  no  pneumonia  was  ever  present,  the  character  of  the  joint 
trouble  being  demonstrated  by  finding  pneumococci  in  the  purulent 
joint  effusion. 

On  the  other  hand,  as  shown  by  Smirnon,  arthritis  occurring  during 
the  course  of  pneumonia  may  be  due  to  other  than  pneumococcic  infec- 
tion. In  5  out  of  10  cases  complicating  pneumonia  there  were  found 
such  microorganisms  as  the  typhoid  bacilli,  streptococci,  and  staphylo- 
cocci. The  nature  of  the  infection  can  then  be  determined  only  by 
bacteriologic  examination  of  the  joint  effusion  and  the  blood.  Here 
again  a  difficulty  may  arise  from  a  bacteriologic  point  of  view,  as  the 
fluid  is  sometimes  found  to  be  sterile,  in  which  case,  as  suggested  by 
Widal,  the  cocci  may  have  died  out.  In  other  cases  the  joint  effusion 
is  secondary  to  toxins  produced  elsewhere  in  the  body,  or  to  a  general 
pneumococcic  septicemia,  in  which  case  the  cerebrospinal  fluid  and 
blood  contain  pneumococci.  The  arthritis  implies  in  most  cases  a 
bacteremia,  although  the  exciting  cause  may  be  difficult  to  determine. 
Six  of  the  31  cases  mentioned  by  Cave54  were  complicated  by  endocar- 
ditis, 5  by  empyema,  6  by  meningitis,  2  by  pericarditis,  and  1  by  peri- 
tonitis. 

Hermann51  has  shown  experimentally  that  section  of  the  sciatic 
nerve  predisposes  to  the  localization  of  staphylococci  in  the  parts  of 
a  limb  deprived  of  its  innervation.  The  injection  of  a  virulent  culture 
of  pneumococci  into  a  joint  is  almost  always  followed  by  a  suppurative 
arthritis.     The  subcutaneous  injection  after  traumatism  to  the  joints 
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or  the  injection  of  turpentine  gives  variable  results,  sometimes  positive 
and  sometimes  negative.  The  intravenous  injection  after  traumatism 
of  the  joint  leads  to  arthritis  more  certainly  than  do  subcutaneous 
injections.  The  incidence  of  arthritis  would  then,  from  clinical  and 
experimental  evidence,  seem  to  be  dependent  upon  some  unusual  vulner- 
ability of  the  joint  or  to  an  excessive  supply  of  pneumococci  or  toxins. 

The  larger  joints  are  more  frequently  involved,  and  the  upper 
extremity,  particularly  the  shoulder-girdle.  The  knee,  however  is 
affected  in  a  larger  percentage  of  the  cases  than  any  other  single  joint. 

The  changes  in  the  joints  depend  upon  the  virulence  of  the  infection, 
its  duration,  and  the  resisting  power  of  the  individual.  In  moderate 
cases  there  are  present  only  redness  and  thickening  of  the  synovial 
membrane.  In  others  the  cartilage  is  eroded;  the  bones  may  be  involved 
with  sequestrum  formation,  as  well  as  the  tendon-sheaths  and  muscles 
near  the  joint.  In  a  case  reported  by  Witt88  it  was  thought  that  there 
was  a  septic  thrombosis  in  the  arm,  one  of  the  rarest  complications 
of  pneumonia.  Gabbi,  Puritz,  and  Netter58  have  reported  cases  in 
which  there  occurred  a  peri-articular  infection  with  abscess,  the  joint 
proper  not  being  involved. 

Cave,54  who  recorded  the  first  case  of  pneumococcic  arthritis  in 
England,  considered  it  essentially  a  disease  of  adult  life.  Among  31 
cases  he  found  only  2  children,  five  and  eight  years  of  age. 

In  1906  Herzog55  reported  25  cases  and  added  3  of  his  own  making 
28  cases  occurring  in  children  under  two  years  of  age,  generally  con- 
fined to  one  large  joint,  and  Nattan-Larrier,56  from  the  clinic  of  Dieula- 
foy,  placed  on  record  apparently  the  only  case  of  pneumococcic  arthritis 
in  a  newborn  infant  following  an  operation  for  hare-lip. 

In  a  few  cases  several  joints  have  been  affected.  In  11  of  Herzog's55 
28  cases  there  was  no  evidence  of  antecedent  pulmonary  affections. 
In  8  similar  cases  between  the  ages  of  two  and  fourteen  there  were  5 
without  antecedent  pulmonary  affection,  but  in  55  cases  in  adults  there 
were  only  4  without  pulmonary  lesions.  The  most  common  primary 
focus  in  children  is  the  middle  ear.  In  the  fatal  cases  death  is  nearly 
always  due  to  such  complications  as  endocarditis,  empyema,  menin- 
gitis, pericarditis,  peritonitis,  and  septicemia. 

The  clinical  features  are  somewhat  characteristic.  The  temperature 
varies  from  99°  to  104°  F.  Even  when  there  is  considerable  fever 
the  child's  face  is  generally  pale.  Locally,  there  is  well-marked  swelling 
and  edema,  with  increased  heat,  but,  as  a  rule,  no  redness,  and  this  is 
regarded  as  an  important  diagnostic  feature  between  this  and  other 
forms  of  arthritis.  In  rare  cases  an  abnormal  mobility  has  been 
observed.     The  child  may  retain  a  fair  appetite  and  sleep  well. 

Prognosis. — Of  the  52  cases  reported  by  Herrick,50  35  died,  a  mor- 
tality of  65  per  cent.,  a  small  part  of  it  only  being  due  to  disease  of 
the  joints.  Of  Herzog's55  28  cases,  14  recovered  and  11  died;  in  3  there 
was  no  report.  When  there  is  no  great  destruction  of  tissue  within 
and  about  the  joint,  functional  recovery  is  generally  good,  with  nearly 
a  normal  range  of  motion. 
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The  treatment  is  obviously  surgical.  Salicylates  are  useless.  Rest, 
fixation,  and  ice  may  be  applied  at  first  and  may  be  followed  by  recovery. 

When  effusion  into  the  joint  occurs,  it  should  be  aspirated  and 
examined  bacteriologically.  If  several  joints  are  affected,  the  fluid 
from  each  should  be  examined,  as  its  character  may  vary  in  the  different 
joints.  In  the  case  of  a  child  reported  by  Dudgeon  and  Branson,  the 
fluid  from  the  elbow  was  a  pale  yellow  sero-pus,  from  the  knee  a  clear 
serum,  and  from  an  abscess  in  the  neck  a  thick  yellow  pus. 

Sufficient  has  been  said  to  confirm  the  statement  of  Thacker  that 
the  pneumococcus  should  be  "  ranked  with  the  virulent  staphylococcus 
and  streptococcus  as  a  pyogenic  germ." 

By  the  facility  with  which  it  enters  and  circulates  in  the  blood- 
stream it  is  enabled  to  reach  all  parts  of  the  body,  and  we  find  it  present 
in  pure  culture,  and  as  the  sole  infective  agent  not  only  in  the  lungs, 
pleura,  pericardium,  and  endocardium,  but  also  in  the  bladder,  kidneys, 
peritoneum,  joints,  bones,  bile-passages,  upper  air-passages,  middle  ear, 
veins,  and  in  numerous  superficial  and  muscular  abscesses.  Osier  states 
that  the  pneumococcus  is  the  most  common  cause  of  sporadic  meningitis. 

Pneumococci  are  widespread  in  the  soil  and  dust,  and  Germano 
has  demonstrated  that,  planted  in  neutral  media,  they  may  be  found 
living  after  six  months,  and  that  they  may  retain  their  virulence  even 
better  when  dry  than  when  moist. 

THE  SURGERY  OF  THE  PUERPERIUM. 

Very  considerable  surgical  interest  attaches  to  the  periods  of  gesta- 
tion and  the  puerperium.  During  gestation  it  is  sometimes  necessary 
to  decide  as  to  whether  some  operation  may  be  undertaken,  varying 
in  severity  from  the  extraction  of  a  tooth  to  the  trephining  of  a  mas- 
toid, the  removal  of  an  inflamed  vermiform  appendix  or  a  malignant 
neoplasm.  In  some  cases  operation  would  seem  to  be  imperative — 
when,  for  instance,  there  is  pus  in  the  middle  ear,  in  the  brain,  in 
the  lungs,  pericardium,  gall-bladder,  liver,  or  kidneys.  In  other  cases 
it  is  a  matter  of  opinion  or  expediency,  as  in  the  presence  of  malignant 
disease  in  the  breast  or  sarcomatous  growth  in  one  of  the  bones.  In 
a  general  way  it  may  be  said  that  the  earlier  in  the  period  of  gestation, 
the  safer  is  the  operation,  and  the  less  likelihood  of  gestation  being  inter- 
rupted. 

The  essence  of  the  question,  however,  as  indicated  by  Fellner,60 
would  seem  to  depend  largely  upon  the  physical  condition  of  the 
mother.  If  there  is  renal  insufficiency,  the  slightest  operation  is  likely 
to  be  followed  by  abortion.  On  the  other  hand,  if  the  physical  con- 
dition of  the  mother  is  satisfactory,  operations  may  be  carried  out  on 
the  external  genitals  or  the  cervix  without  interruption  of  pregnancy. 
Again,  the  question  of  abortion  depends,  no  doubt,  somewhat  upon 
the  severity  and  mutilating  character  of  the  operation.  Prolonged 
anesthesia  undoubtedly  contributes  to  the  occurrence  of  miscarriage. 

The  percentage  of  cases  in  which  pregnancy  is  interrupted  in  appen- 
dicitis is  not  greater  when  operated  on  than  when  not  operated  on,  and 
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occurs  in  from  35  to  44  per  cent,  of  the  cases.  When  labor  follows 
soon  after  the  removal  of  the  appendix,  the  prognosis  is  not  so  good. 
It  is  absolutely  bad  when  the  abscess  is  opened  and  drained  without 
removal  of  the  appendix.  It  is  sometimes  wise  to  empty  the  uterus 
before  undertaking  major  operations. 

Pasteur  and  Doldris,  in  1880,  demonstrated  that  streptococci  were 
the  common  cause  of  puerperal  sepsis.  Many  observers  have  added 
their  quota,  and  now  we  know  that  staphylococci,  pneumococci,  gono- 
cocci,  colon  bacilli,  and  the  bacillus  capsulatus  aerogenes  may  also  be 
the  agents  of  infection.  They  spread  by  the  lymph-  and  blood-vessels, 
rather  than  by  continuity  of  surface,  through  the  Fallopian  tubes. 
The  veins  and  lymphatics  of  the  broad  ligaments  are  especially  involved. 

The  operative  treatment  of  puerperal  infection  has  assumed  a 
conspicuous  place.  The  existence  of  infected  Fallopian  tubes  has 
long  been  recognized.  The  surgical  treatment  of  parametric  abscesses 
and  inflammatory  exudates  is  established  upon  a  practical  basis.  In 
puerperal  peritonitis,  incision  and  drainage  are  indicated  without  irriga- 
tion. 

Trendelenburg's  suggestion  to  resect  or  ligate  the  veins  of  the  broad 
ligament  is  of  doubtful  value.  Under  favorable  circumstances  and 
when  isolated  suppurating  mesenteric  glands  may  be  opened  and  wiped 
out.  Hysterectomy  should  only  be  considered  when  the  uterine  walls 
are  the  seat  of  suppurating  foci.  Drainage  should  be  instituted  as 
early  as  possible.  Drainage  through  the  vagina,  unless  combined 
with  laparotomy,  does  not  offer  an  opportunity  of  searching  for  other 
foci. 

The  use  of  Marmorek's  serum,  introduced  in  1895,  has  been  given 
a  most  extensive  trial.  The  exhaustive  report  of  a  committee  of  the 
American  Gynecologic  Society  in  1899  that,  while  harmless,  it  was 
of  doubtful  therapeutic  value,  has,  in  the  main,  been  confirmed  by  many 
independent  observers.  Bumm  and  Rau,  however,  find  it  occasionally 
of  value.  It  does  not  act  directly  upon  the  streptococci,  but  stimulates 
poikilocytosis.  The  induction  of  leukocytosis  by  the  intraperitoneal 
injection  of  nucleic  acid,  as  suggested  by  Mikulicz,  or  of  nucleate  of 
soda,  as  suggested  by  Hanner,  would  also  seem  to  possess  some  merit. 

Not  infrequently  the  infection  becomes  localized  on  one,  generally 
the  left,  or  on  both  sides  of  the  uterus.  I  have  operated  in  5  such 
cases;  in  4,  single  abscesses  were  found  on  the  left  side,  within  the 
tube  or  bounded  by  the  tube,  omentum,  and  knuckles  of  small  intestine. 
In  1,  abscesses  were  found,  one  on  each  side.  The  date  of  operation 
was  from  the  eleventh  day  to  the  tenth  week  after  confinement.  All 
but  one  recovered.  The  later  the  abscess  develops,  the  better  the 
prognosis.     The  fatal  case  was  the  one  operated  on  the  eleventh  day. 

Puerperal  Eclampsia. — Incision  of  the  kidney  capsule,  or  "cap- 
sulotomy,"  may  prove  to  be  of  great  service  in  puerperal  eclampsia 
associated  with  scanty  or  suppressed  renal  secretion.  The  idea  origi- 
nated with  Reginald  Harrison.82  It  is  quite  in  harmony  with  principles 
applied  elsewhere,  as,  for  instance,  in  glaucoma,  where  the  relief  of 
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tension  arrests  the  degenerative  changes  and  preserves  the  sight.  By 
this  means  von  Graefe  converted  an  incurable  affection  into  a  curable 
one.  There  is  a  condition  of  renal  hyperemia  which  may  be  termed 
renal  glaucoma.  Dickinson83  mentions  one  instance  in  which  such 
extreme  congestion  and  intracapsular  tension  occurred  in  nephritis 
that  the  kidneys  burst  through  their  capsules. 

Delafield  mentions  extravasations  of  blood  in  the  Malpighian  bodies, 
the  tubes,  and  the  renal  tissue,  and  the  presence  of  coagulated  fibrin 
in  the  tubes.  Pinard65  would  commend  nephrotomy  in  the  treatment 
of  anuria  occurring  in  women  suffering  from  eclamptic  attacks,  and 
notes  that  in  Edebohls'  cases  and  in  that  of  Chambrelent  and  Pousson 
it  was  decapsulation  of  the  kidney  in  patients  in  whom  there  was  sup- 
pression of  urine,  as  well  as  eclampsia,  that  proved  so  successful.  Many 
women,  however,  die  of  eclampsia  without  suppression  of  urine,  and 
yet  their  kidneys  may  be  more  or  less  diseased.  Pinard6*  would  not 
expect  benefit  from  capsulotomy  in  such  cases. 

Of  course,  both  kidneys  may  be  congested,  but  the  relief  of  tension 
in  the  one  kidney  aids  recovery  in  the  other. 

Harrison64  prefers  to  incise  along  the  convex  border,  unless  there 
are  indications  to  the  contrary.  Congestion  and  extravasations  of 
blood  are  not  always  uniformly  distributed.  Punctures  may  be  made 
wherever  the  engorgement  is  greatest,  avoiding  always  the  pelvis.  A 
drainage-tube  should  be  left  in  position  for  a  few  days. 

The  Pyelonephritis  of  Pregnancy. — The  etiologic  relationship  of 
pregnancy  to  pathologic  changes  in  the  ureters,  pelvis  of  the  kidney, 
and  kidney  is  still  debatable.  On  the  one  hand  is  the  view  held  by 
Opitz,67  who  collected  84  cases  from  literature,  that  the  pyelonephritis 
of  pregnancy  is  the  result  of  obstruction  to  the  flow,  due  to  pressure 
on  the  ureter  plus  infection  through  systemic  channels  or  from  the  lower 
urinary  passages,  and,  on  the  other  hand,  the  view  so  clearly  advocated 
by  Reed,66  that  it  is  an  exaggeration  of  the  kidney  of  pregnancy,  which, 
in  turn,  is  due  to  changes  in  the  renal  epithelium  and  parenchyma  result- 
ing from  the  transudation  or  excretion  of  the  toxins  of  pregnancy 
through  the  renal  tissues  plus  bacterial  infection,  probably  of  vesical 
origin.  In  puerperal  cases  Vinay68  assumes  the  presence  of  crushing 
injuries  and   hyperemia  during  labor. 

The  disease  may  develop  as  early  as  the  fourth  or  fifth  month, 
when  pressure  would  seem  improbable.  Neither  theory  satisfactorily 
explains  the  predominance  of  the  condition  on  the  right  side.  Pyelo- 
nephrosis  demands  drainage,  before  or  after  the  inception  or  comple- 
tion of  gestation,  according  to  the  date  of  its  recognition  and  the  urgency 
of  the  symptoms. 

Catheterization  of  the  ureters  aids  in  the  diagnosis. 

THE  SURGERY  OF  VACCINATION  AND  VACCINIA. 

It  would  seem,  theoretically,  that  the  antiseptic  treatment  of  wounds 
should  preclude  the  possibility  of  the  tetanus  or  other  bacilli  remaining 
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active  in  them.  In  the  great  majority  of  cases  this  is  true.  It  is 
particularly  true  of  tetanus  when,  in  addition,  an  inhibitive  quantity 
of  antitetanic  serum  is  given  at  the  time  of  the  first  dressing.  Never- 
theless, every  year  a  number  of  cases  develop  after  injuries  from  explo- 
sives, fireworks,  toy  pistols,  etc.  This  is,  for  obvious  reasons,  especially 
important  when  following  the  minor  operation  of  vaccination.  How 
often  the  infection  is  contained  in  the  vaccine  lymph  is  uncertain.  At 
the  time  of  its  supposed  occurrence  in  some  of  the  Atlantic  cities,  tetanus 
was  observed  as  well  in  a  number  of  children  not  recently  vaccinated. 
It  would  seem  to  be  unknown  in  Continental  countries  as  a  complica- 
tion of  vaccination. 

In  doing  that  little  operation,  the  protective  epithelium  is  removed, 
and  an  open  door  is  left  for  the  tetanus  or  any  other  bacterium  to  gain 
entrance.     The  same  is  true  of  all  wounds,  burns,  etc. 

Cellulitis,  adenitis,  ulceration,  localized  vaccinal  gangrene,  erysipelas, 
septicemia,  and  pyemia  may  all  be  prevented  by  surgical  cleanliness. 
Only  those  working  among  the  poor  in  large  cities  and  in  the  out- 
patient departments  of  large  hospitals  know  how  difficult  it  is  success- 
fully to  preach  the  gospel  of  cleanliness.  The  wonder  is  that,  in  spite 
of  the  care  of  the  doctor  and  the  use  of  shields,  more  pyogenic  and 
other  infections  do  not  occur.  The  percentage  of  infection  is,  never- 
theless, infinitesimal,  although  not  insignificant.  In  Germany  there 
were  only  113  deaths  in  32,000,000  vaccinations,  or  1  in  283,177,  and 
46  of  these  were  traceable  to  the  carelessness  of  the  patient — a  small 
price  to  pay  for  the  immunity  conferred. 

In  the  treatment  of  vaccinal  complications  there  is  nothing  special. 
At  the  very  earliest  appearance  of  symptoms  of  tetanus  all  the  infil- 
trated tissue  should  be  thoroughly  excised,  the  wound  soaked  with 
peroxid  of  hydrogen  for  twenty  minutes,  and  bathed  with  sublimate 
solution,  1  :  1000,  followed  by  the  same,  1  :3000,  and  antitetanic  serum 
injected  on  the  proximal  side  of  the  lesion.  In  Mixter's  case  this  technic 
was  quite  successful. 

THE  SURGERY  OF  SCARLET  FEVER. 

The  complications  of  scarlet  fever  in  which  the  advice  and  cooper- . 
ation  of  the  surgeon  may  be  sought  are  numerous  and  important,  often 
demanding  the  exercise  of  mature  judgment,  prompt  decision,  and  con- 
siderable resource. 

The  same  may  be  said  of  ulceration  appearing  on  the  tonsils.  The 
ulcerative  stomatitis,  promptly  recognized  and  appropriately  treated, 
can  usually  be  brought  under  control.  More  difficult  is  the  treatment 
of  noma,  which  is  more  common  when  scarlet  fever  succeeds  measles. 

The  extensive  adenitis  and  peri-adenitis  seems  to  be  inhibited  some- 
what by  the  continuous  application  of  an  ice-bag.  It  is  certainly 
soothing  and  grateful  during  the  first  forty-eight  or  seventy-two  hours, 
when,  if  suppuration  seems  inevitable,  it  should  be  replaced  by  hot 
fomentations  or  a  good  thick  hot  linseed  poultice.     When  pus  forms, 
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a  small  incision  and  drainage  are  sufficient,  especially  when  supplemented 
by  the  suction-cups  of  Bier. 

The  joint  affections,  the  so-called  scarlatinal  rheumatism,  involving 
by  preference  the  smaller  joints  and  the  upper  extremity,  are  usually 
relieved  by  rest  and  cold  or  heat.  Whenever  effusion  takes  place, 
accompanied  by  increased  temperature,  the  exploring  needle  should 
be  used  to  demonstrate  the  character  of  the  fluid,  which  should  also 
be  examined  bacteriologically.  If  purulent,  no  time  should  be  lost 
in  making  one  or  two  incisions,  through  which  the  pus  may  escape 
and  the  joint  be  irrigated.  Caiger70  speaks  highly  of  injecting,  to  the 
point  of  distention,  a  solution  of  carbolic  acid  1  :  20.  After  it  is  allowed 
to  escape,  the  openings  are  closed  by  gauze  soaked  in  collodion  and 
firm  elastic  pressure  applied  by  means  of  alembroth  wool  and  bandage, 
and  the  limb  placed  upon  a  splint.  This  treatment  was  entirely  success- 
ful and  no  re-collection  of  pus  ensued.  Gentle  passive  motion  was 
allowed  at  the  end  of  two  or  three  weeks,  and  a  sound  joint  was  a 
result  in  all.     The  salicylates  are  useless. 

In  regard  to  the  acute  nephritis  occurring  in  scarlet  fever,  this  much 
may  be  said,  that  if,  in  spite  of  the  usual  remedies,  the  urine  lessens 
in  quantity  until  a  condition  approaching  anuria  obtains,  renal  capsu- 
lotomy  would  be  justifiable,  logical,  and  advisable,  barring  contra- 
indications. The  hot-air  or  steam  bath,  dry  or  wet  cupping,  probably 
acts  by  relieving  the  blood-pressure  in  the  renal  vessels.  Capsulotomy 
is  certainly  a  more  direct  and  effective  means  of  attaining  this  result, 
and  while  attended  by  obvious  objections,  should  be  given  a  free  trial 
in  cases  that  are  going  down  and  in  which  the  freezing-point  of  the 
blood  is  low.  In  the  anginose  form,  incision  through  the  skin  relieves 
tensions,  provides  drainage  by  oozing,  and  inhibits  the  formation  of 
sloughs  which,  in  separating,  have  caused  fatal  hemorrhages  from  large 
vessels.     In  some  cases  even  the  carotid  has  been  opened. 

THE  SURGERY  OF  RHEUMATISM. 

The  investigations  regarding  the  nature  of  rheumatism  have  been 
of  more  than  passing  interest  to  surgeons,  particularly  the  question 
of  its  resemblance  to  an  attenuated  pyemia.  The  sweats,  the  temper- 
ature curve,  the  involvement  of  serous  membranes,  and  the  anemia 
resemble  an  acute  infection. 

Cole  claims  to  have  produced  in  rabbits,  by  injection  of  streptococci, 
articular  and  endocardial  lesions  similar  to  those  found  in  rheumatism. 
Beattie  could  not  confirm  these  experiments.  On  the  contrary,  he 
found  that  when  he  injected  into  rabbits  the  micrococcus  obtained 
from  a  rheumatic  fever  patient,  joint  lesions  and  sometimes  endo- 
carditis occurred,  and  the  animals  frequently  recovered.  When,  how- 
ever, he  injected  pyogenic  streptococci,  the  joint  lesions  were  suppura- 
tive, endocarditis  rare,  and  the  animals  generally  died.  Beattie's74 
experiments  would  seem  to  harmonize  with  clinical  observation  and 
demonstrate  the  specific  nature  of  the  infection  in  articular  rheu- 
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matism.  Undoubtedly,  pyogenic  organisms  have  been  obtained  from 
the  joints  in  the  severer  type  of  articular  rheumatism,  but  are  they  to 
be  regarded  as  a  normal  accompaniment  of  the  disease,  a  constant 
etiologic  factor,  or  a  complication?  Instances  of  arthrectomy,  lavage, 
and  drainage,  followed  by  amelioration  of  symptoms  and  cure,  have 
been  reported.  This  heroic  treatment  may  well,  for  the  present  at 
least,  be  reserved  for  those  intensely  severe  cases  that  do  not  yield  to 
internal  medicine.  In  such  cases,  when  the  effusion  is  found  to  con- 
tain staphylococci  or  streptococci,  and  is  purulent,  there  should  be  no 
delay  in  evacuating  the  fluid  and  washing  out  and  draining  the  joint. 
It  should  be  done,  moreover,  under  the  most  rigid  and  perfect  technic 
possible. 

The  Bier  treatment  by  hyperemia  has  been  found  useful,  more 
especially  in  the  acute  forms. 

THE  SURGERY  OF  MUMPS. 

Suppuration  being  rare  in  the  epidemic  parotitis  known  as  mumps, 
the  surgeon  is  seldom  called  upon  to  interfere.  The  metastatic  involve- 
ment of  the  testes  and  ovaries,  especially  about  the  age  of  puberty, 
is  well  known. 

Hutchinson  reports  2  cases  in  which  traumatic  orchitis  was  followed 
by  mumps,  and  asks  the  question,  "Do  the  parotid  and  testes,  when 
inflamed,  develop  elements  which  are  mutually  infective?" 

Parotitis  occurs  in  a  little  less  than  1  per  cent,  of  cases,  the  infec- 
tion reaching  the  gland  through  the  duct  or  in  the  blood-stream.  It 
is  thought  to  be  less  frequent  since  the  importance  of  frequently  cleans- 
ing the  mouth  has  been  generally  recognized.  In  the  suppurative  cases 
the  typhoid  bacillus  may  be  found  in  pure  culture,  or,  as  is  more  common, 
in  association  with  the  staphylococcus  or  streptococcus,  or  the  latter 
two  alone.  Fortunately,  suppuration  is  rare,  but  if  threatening,  early 
incision  is  advisable.  In  a  few  instances  there  has  been  extensive 
necrosis  of  the  gland,  with  resulting  disfigurement.  The  facial  nerve 
may  be  paralyzed. 

Suppuration  is  usually,  but  not  always,  unilateral.  It  is  attended 
by  the  usual  symptoms,  and  must  be  regarded  as  a  serious  complication. 

The  employment  of  passive  hyperemia  as  a  therapeutic  agent  and 
as  a  preventive  measure  against  the  occurrence  of  suppuration  is  cer- 
tainly worthy  of  consideration.  When  pus  has  formed,  a  small  incision, 
followed  by  dry  cupping,  should  prove  efficient.  A  similar  infection 
may  occur  in  the  submaxillary  glands,  but  here  it  is  of  less  serious 
import. 

THE  SURGERY  OF   MEASLES- 

The  chief  interest  to  the  surgeon  in  measles  lies  in  its  role  as  an 
etiologic  factor  in  cancrum  oris,  noma,  or  gangrenous  stomatitis.  It 
would  seem  that  catarrhal  inflammation  of  the  mucous  membrane  of 
the  mouth,  almost  invariably  present  in  the  prodromal  and  early 
stages  of  measles,  paved  the  way  for  secondary  infections.     No  single 
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germ  is  constantly  present.  Under  favorable  circumstances,  and  also 
in  lowered  conditions  of  the  system  alone,  it  would  seem  that  more 
than  one  germ  may  be  capable  of  producing  gangrenous  stomatitis. 
Among  the  more  important  and  virulent  are  the  streptococci,  staphylo- 
cocci, and  Klebs-Loffler  bacilli. 

Blumer  and  McFarlane  believe  the  disease  due  to  a  thread-like 
organism  of  the  leptothrix  type,  and  would  exclude  the  diphtheria 
bacilli  as  a  cause  or  factor.  Antitoxin  has  not  proved  to  be  of  value 
in  the  treatment  of  the  condition  and  is  not  indicated.  Membranous 
laryngitis  is  a  much-dreaded  complication.  It  is  generally  due  to 
streptococci,  but  the  differentiation  from  diphtheritic  laryngitis  can 
be  made  only  by  bacteriologic  examination. 

THE  SURGERY  OF  DIPHTHERIA. 

The  chief  surgical  interest  is  in  the  obstructive  dyspnea.  This, 
though  usually  due  to  stenosis  of  the  larynx,  is  occasionally  the  result 
of  extension  of  the  disease  to  the  pharynx,  with  the  formation  of  a 
pharyngeal  abscess,  or  into  the  trachea  and  larger  bronchi.  It  is  thus 
apparent  that  varied  measures  are  needed  to  meet  varied  conditions. 
The  relative  efficiency  of  tracheotomy  and  intubation  would  seem  to 
be  fairly  well  determined.  Each  is  particularly  adapted  to  certain 
conditions.  In  a  general  way  it  may  be  said  that  intubation,  together 
with  antitoxin  serum  treatment,  is  giving  results  hitherto  unattained 
by  any  other  method,  yet,  particularly  in  Germany,  intubation  has 
attained  its  present  status  only  after  a  considerable  and  varied  fluctu- 
ation of  opinion  in  the  estimate  of  its  relative  value.  The  lower  level 
of  the  tracheotomy  tube,  the  larger  opening,  and  the  greater  facility 
afforded  for  the  extraction  of  loose  and  detached  portions  of  membrane 
are  advantages  not  readily  passed  by,  yet  against  these  advantages 
must  be  placed  the  occasional  ulceration  of  the  anterior  wall  of  the 
trachea  from  the  pressure  of  the  lower  end  of  the  tube  or  the  posterior 
wall  from  the  pressure  of  the  convexity  of  the  tube,  objections,  however, 
which  may  be  largely  overcome  by  careful  adaptation  of  the  tube  in  size 
and  form.  The  swelling  around  the  lower  end  of  the  tube  may  in  itself 
be  obstructive,  and  the  granulations  springing  from  the  decubitus 
ulcer  may  be  sufficiently  exuberant  to  obstruct  the  lower  end. 

Koenig75  mentions  an  instance  of  a  child  dying  of  hemorrhage  from 
these  granulations,  the  immediate  cause  being  the  reintroduction  of 
the  tube,  after  cleaning,  by  the  parents.  It  must  be  admitted  also 
that  a  very  considerable  number  of  children  have  died  from  extra- 
tracheal  hemorrhage  during  the  performance  of  the  operation  of  tra- 
cheotomy. In  addition  to  this,  one  must  consider  the  phlegmonous 
processes  that  may  arise  from  infection  of  the  wound,  the  cartilage 
necrosis,  and  the  fistula*  which  develop  when  the  tube  remains  too 
long  a  time  and  the  mucous  membrane  and  skin  unite.  These  com- 
plications must  not  be  disregarded  in  forming  a  comparative  estimate 
of  the  value  of  tracheotomv. 
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One  of  the  great  advantages  of  intubation  is  its  freedom  from  the 
objections  of  a  cutting  operation.  For  this  reason  the  consent  of  the 
parents  is  much  more  readily  obtained,  and,  therefore,  it  may  be  used 
before  the  general  condition  of  the  child  has  been  materially  impaired  by 
the  imperfect  aeration  of  the  blood.  Very  seldom  does  any  injury  result 
from  the  insertion  or  removal  of  the  tube,  as  in  tracheotomy,  but  a 
decubitus  sore  occasionally  develops,  and  more  commonly  on  the  anterior 
wall.  In  only  rare  instances  is  the  intubation  followed  by  necrosis 
of  cartilages  and  stenosis.  In  Germany  intubation  has  now  the  support 
of  Bokai,  Ranke,  von  Muralt,  and  Kroenlein.  According  to  Ranke, 
41  per  cent,  of  cases  of  primary  diphtheria  of  the  larynx  have  recovered 
after  intubation,  as  against  32^  per  cent,  after  tracheotomy.  The 
earlier  use  of  the  tube  and  its  employment  in  milder  and  less  extreme 
cases  may  quite  possibly  have  contributed  to  the  better  results  obtained 
after  its  use.  The  better  results  from  intubation  have  been  largely 
achieved  since  the  introduction  of  the  serum.  In  fact,  it  is  impossible 
to  get  a  large  series  of  cases  for  comparison  with  tracheotomy  before 
the  introduction  of  serum  as  a  therapeutic  agent.  It  is  quite  clear 
that  antidiphtheritic  serum  and  intubation  together  give  better  results 
than  were  ever  obtained  by  tracheotomy  and  other  forms  of  treatment, 
and  it  is  also  clear  that  intubation  and  serum  together  are  giving  better 
results  than  tracheotomy  and  serum.  Trump  collected  from  56  physi- 
cians 5468  cases  of  intubation,  with  36  per  cent,  of  cures  before  the 
serum  period,  and  81.98  per  cent,  of  cures  after  the  introduction  of 
serum  in  the  treatment. 

THE  SURGERY  OF  WHOOPING-COUGH. 

Intubation  in  the  treatment  of  pertussis  has  been  employed  by 
Saunders76  in  one  case,  and,  it  is  said,  with  flattering  results. 

THE  SURGERY  OF  PLAGUE. 

Plague  presents  many  features  of  interest  to  the  surgeon  other  than 
its  long  and  ancient  history  of  conquest  and  destruction.  The  demon- 
stration of  the  cause  of  the  disease  by  Kitasato  and  Yersin  in  1894 
must  rank  as  one  of  the  most  important  discoveries  in  bacteriology. 
It  suggested  that,  in  the  bubonic  variety  at  least,  the  disease  was  com- 
municated by  local  infection,  and  the  enlargement  of  the  nearest  group 
of  lymphatic  glands,  in  the  groin,  axilla,  or  elsewhere,  and  the  frequent 
involvement  of  the  femoral  group,  harmonized  with  this  view.  Marshall77 
says  that  the  point  of  entrance  can  frequently  be  determined  to  have 
occurred  through  wounds,  pricks,  bites  of  insects,  etc.,  usually  on  the 
feet,  legs,  arms,  and  hands;  that  sometimes  small  red  spots  mark  the 
point  of  infection  and  become  successively  vesicles  and  pustules;  and, 
furthermore,  that  a  series  of  vesicles  may  mark  the  passage  of  the  infec- 
tion along  the  lymphatic  vessels.  Nevertheless,  removal  of  the  glands 
has  not  contributed  much  to  the  progress  of  recovery.     The  point  of 
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infection  can  be  found  in  only  a  minority  of  cases,  and  evidence  of  the 
spread  of  the  infection  along  the  lymphatics  is  more  often  conspicuous 
by  its  absence.  It  would  seem  that  the  disease  may  enter  by  a  wound 
in  some  cases,  but  may  also  enter  by  the  respiratory  passages  and  by 
the  food.  In  the  bubonic  form  enlargement  of  the  glands,  as  described 
by  Cantlie,  is  sometimes  accompanied  by  a  marked  edema  of  the 
adjacent  tissue,  over  an  area  of  five  or  six  inches,  the  whole  forming 
an  elevated  doughy  mass.  Over  such  masses  hot  poultices  are  grateful, 
and  when  suppuration  occurs  the  pus,  which  contains  bacilli,  should 
be  evacuated.  This  is  often  followed  by  a  general  improvement.  The 
technic  should  be  perfect,  else  a  mixed  infection  may  occur  and  a 
general  septicemia.  In  other  cases  the  overlying  skin  becomes  red 
and  finally  gangrenous,  breaking  down  and  leaving  a  condition  resem- 
bling a  boil  or  a  carbuncle.  Here,  as  in  other  glandular  infections, 
incision  and  drainage  give  better  results  than  excision  or  incision  and 
curettage,  which  often  carries  the  infection  to  surrounding  healthy 
tissue.  The  petechiae,  purpuric  patches,  and  ecchymoses,  the  epis- 
taxis,  the  hematemesis,  melena,  and  hematuria  occasionally  observed, 
are  evidences  of  alterations  in  the  quality  and  coagulability  of  the 
blood.  Indeed,  the  French  physicians  in  Egypt  in  1835-36,  when  bleed- 
ing was  customary,  noted  that  the  blood  coagulated  imperfectly  and 
did  not  form  the  usual  buffy  coat.  The  success  obtained  by  Yersin 
and  others  with  the  serum,  both  as  a  therapeutic  and  prophylactic 
agent,  has  been  so  great  that  all  other  remedies  are  relegated  to  the 
background.  Wright  and  Windsor,  using  methods  of  high  precision, 
have  shown  that  normal  human  serum  is  devoid  of  bactericidal  action 
on  the  Bacillus  pestis.  Papules  may  appear,  starting  as  a  red  or  brown 
spot,  accompanied  by  a  burning  sensation.  They  sometimes  enlarge, 
become  indurated,  and  vesicles  develop,  which  contain  plague  bacilli 
in  numbers.  When  the  vesicles  are  invaded  by  ordinary  cutaneous 
microorganisms,  the  contents  become  pustular.  Hunter78  regards  these 
cutaneous  eruptions  "as  evidences  of  local  growth  of  the  Bacillus  pestis, 
similar  to  that  found  in  enteric  fever  where  the  typhoid  rash  is  the 
result  of  focal  multiplication  of  typhoid  bacilli. "  The  vesicles  and 
pustules  are  to  be  regarded  rather  as  an  evidence  of  the  blood  infec- 
tion and  of  the  septicemic  nature  of  plague  than  as  points  of  entry  of 
the  infection,  although  the  latter  may  be  the  correct  interpretation 
in  some  cases.  The  bubo,  also,  is  more  commonly  an  evidence  of 
infection  of  the  blood,  occurring  frequently  in  lymphatic  glands  not 
in  direct  connection  with  the  area  of  the  skin  through  which  the  in- 
fection is  supposed  to  have  occurred.  Often  it  is  the  deep  and  not 
the  superficial  glands  that  are  affected,  as,  for  example,  the  iliac  lym- 
phatics. The  surgeon  when  operating  on  these  cases  should  wear 
rubber  gloves  himself  and  insist  upon  his  assistants  and  all  the  nurses 
associated  with  the  case  wearing  them  as  a  protection  against  in- 
fection. 
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THE  SURGERY  OF  SCURVY  (SCORBUTUS). 

That  scurvy  was  the  result  of  an  infection  was  first  suggested  by 
Torup  in  1877.  Torup  thought  it  came  from  the  use  of  decomposed 
food,  bad  hygiene,  and  unsanitary  surroundings — in  other  words,  a 
form  of  ptomain  poisoning.  Babes72  thinks  it  the  result  of  a  specific 
infection,  and  this  view  has  many  adherents.  Babes  succeeded  in  pro- 
ducing in  rabbits  many  of  the  characteristic  features  of  scurvy  by 
injecting  them  with  cultures  taken  from  the  gums  of  patients  suffer- 
ing from  the  disease,  and  describes  a  bacillus  which  he  believes  to  be 
the  cause  of  scurvy.  The  experience  obtained  during  the  siege  of 
Paris  favored  the  infection  theory,  and  Coplans  observed,  during  the 
Boer  War,  that  those  camps  that  were  kept  in  good  sanitary  condition 
were  comparatively  free  from  scurvy,  while  it  was  prevalent  in  those 
camps  where  favorable  hygienic  conditions  did  not  obtain,  although 
the  food-supply  was  the  same.  He  has  demonstrated  the  importance 
of  the  local  treatment  of  the  gingivitis. 

In  the  case  of  infants,  in  whom,  about  the  age  of  eight  or  ten  months, 
the  disease  sometimes  occurs,  the  ihfectious  origin  is  not  30  apparent, 
as  in  the  absence  of  teeth  the  gums  are  but  little,  if  at  all,  altered. 
Certain  it  is  that  in  children,  as  in  adults,  a  diet  of  fresh  food  and  the 
organic  salts  of  potash  is  followed  by  the  happiest  results. 

The  deep  subcutaneous  hemorrhages  are  tender,  painful,  pit  on 
pressure,  and  the  overlying  skin  is  discolored.  They  may  occur  with- 
out trauma,  a  point  to  be  remembered  in  medicolegal  cases.  Under 
rest  and  gentle  massage  they  usually  disappear. 

Thick-bordered  ulcers  sometimes  result  from  slight  trauma  and  may 
extend  into  vessels  and  give  rise  to  serious  hemorrhages.  Gangrene 
of  the  lung,  if  localized,  might  be  treated  surgically. 

The  joint  condition  in  infants  has  been  frequently  mistaken  for 
rheumatism — a  disease  rare  under  two  years  of  age.  Hemorrhages 
may  occur  into  the  joints,  the  pleura,  or  pericardium. 

The  question  of  the  lessened  coagulability  of  the  blood  is  perhaps 
not  yet  definitely  settled.     If  it  ever  occurs,  it  does  so  but  rarely. 

Hemorrhages  occur  beneath  the  periosteum,  particularly  of  the 
femur  and  tibia;  seldom  beneath  that  of  the  bones  of  the  arms.  If 
near  the  epiphyseal  line,  they  may  be  mistaken  for  osteomyelitis  or 
epiphysitis.  It  should  be  differentiated  from  the  latter  by  the  absence 
of  fever  and  by  its  diffuseness.  It  is  usually  absorbed  under  constitu- 
tional treatment.  Fractures  of  the  femur  and  tibia  sometimes  occur  in 
infants,  and  occasionally  separation  of  the  epiphysis. 

The  essential  treatment  is  dietetic  and  hygienic. 

Many  of  the  surgical  complications  of  scurvy,  influenza,  small-pox, 
varicella,  and  whooping-cough,  including  arthritis,  gangrene,  abscess, 
and  nephritis,  have  been  referred  to  in  speaking  of  similar  conditions 
associated  with  typhoid,  pneumonia,  rheumatism,  and  pneumococcus 
infection,  and  but  little  more  need  be  added. 
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THE  SURGERY  OF  INFLUENZA. 

The  influenza  bacillus  has  a  special  aptitude  for  inducing  thrombosis, 
both  arterial  and  venous,  as  demonstrated  by  Flexner.  Thrombosis 
is  more  common  in  epidemics  and  severe  cases,  and  generally  appears 
about  the  time  of  the  crisis.  The  femoral  vein  is  more  commonly 
affected.  The  condition  is  not  serious,  but,  relatively  speaking,  is 
benign  and  of  short  duration. 

Small  pulmonary  abscesses  sometimes  occur.  Several  may  unite 
and  form  one  of  some  size.  The  pleura  may  become  infected  and  an 
empyema  develop. 

Pulmonary  gangrene  also  occurs.  It  is  recognized  by  the  usual 
signs  and  the  presence  of  elastic  tissue  in  the  sputum. 

Surgical  treatment,  when  indicated,  should  be  followed  by  favor- 
able results.  One  case  of  spondylitis  following  influenza  and  going  on  to 
suppuration  has  been  reported.  The  entire  arch  of  the  fourth  thoracic 
vertebra  was  found  decayed  (Fluss37). 

THE  SURGERY  OF  SMALL-POX. 

As  might  be  expected,  the  numerous  foci  of  suppuration  in  the 
later  stage  of  the  disease  may  give  rise  to  boils  and  abscesses.  The 
boils  may  arise  from  infection  from  the  pustules  or  through  the  hair- 
follicles.  Fortunately,  deep  abscesses  are  rare.  When  one  remembers 
that  the  pustules  usually  contain  streptococci,  it  is  surprising  that 
erysipelas  is  so  seldom  seen  as  a  complication. 

There  is  occasionally  a  metastatic  purulent  inflammation  of  the 
joints,  especially  in  children,  and  particularly  of  the  elbow-joint.  When 
it  occurs  drainage  and  antiseptics  should  be  employed  promptly. 

Thanks  to  modern  nursing,  bed-sores  and  gangrenous  areas  of  skin 
are  mostly  matters  of  history. 

Councilman73  reports  that  "noma  following  acute  parotitis  was 
seen  in  3  cases  in  the  Boston  epidemic." 

THE  SURGERY  OF  VARICELLA. 

The  complications  of  varicella  are  often  of  more  immediate  interest 
to  the  dermatologist  than  to  the  surgeon.  An  ailment  usually  classed 
as  "minor"  may  develop  severe  constitutional  symptoms,  high  fever, 
septicemia,  and  pyemia.  Varicella  gangrenosa  (Hutchinson71);  "der- 
matitis gangrenosa  infantum"  (Crocker);  ecthyma  ter^brant  is 
one  of  the  most  important  of  the  cutaneous  complications.  Mr. 
Hutchinson  states  that  it  is  not  connected  in  any  way  with  debility 
on  the  part  of  the  patient,  but  rather  with  idiosyncrasy  in  reference 
to  the  specific  poison.  In  extreme  cases  the  whole  body  from  the 
head  to  the  foot  has  been  covered  with  gangrenous  areas. 

A  similar  condition  may  occur  at  the  site  of  vaccination,  in  associa- 
tion with  hydroa,  miliaria,  or  any  cutaneous  lesion  with  abraded 
epithelium  and  open  doors  for  infection  to  enter.     It  has  been  thought 
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by  some  that  it  occurred  especially  in  children  the  subjects  of  rickets 
or  tuberculosis. 

In  other  cases  the  infection  may  perforate  the  deep  fascia,  particu- 
larly about  the  scalp,  beneath  the  occipitofrontalis  aponeurosis. 
Staphylococci,  streptococci,  and  pneumococci  predominate.  In  the 
treatment  one  might  consider  the  use  of  small  incisions,  followed  by 
the  Bier  cups,  and  the  opsonic  treatment  of  Wright. 

Erysipelas  has  appeared  in  a  few  cases  and  proved  fatal. 

In  addition  to  the  usual  remedies,  incision,  suction-cups,  and  the 
opsonic  treatment  are  indicated  in  suitable  cases.  No  satisfactory 
explanation  has  been  offered  to  explain  the  common  exemption  of  the 
four  extremities,  the  disease  being  confined  to  the  face,  head,  and  trunk. 

THE   SURGERY  OF  DYSENTERY.- (See  Vol.  IV.,  p.  1101.) 
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CHAPTER  LXXXIII. 
THE  USE  OF  THE  Jf-RAY  AND  RADIUM   IN  SURGERY. 

By  Ernest  Amory  Codman,  M.  D., 

BOSTON. 

INTRODUCTION. 

In  May,  1900,  a  committee  of  the  American  Surgical  Association, 
after  discussing  the  medicolegal  relations  of  the  x-ray,  made  the  follow- 
ing statement:  'The  technicalities  of  its  production,  the  manipulation 
of  the  apparatus,  etc.,  are  already  in  the  hands  of  specialists,  and  with 
that  subject  also  it  has  not  seemed  worth  while  to  deal.  But  it  is 
earnestly  recommended  that  the  surgeon  should  so  familiarize  himself 
with  the  appearance  of  skiagraphs,  with  their  distortions,  with  the 
relative  values  of  their  shadows  and  outlines,  as  to  be  himself  the  judge 
of  their  teachings,  and  not  to  depend  upon  the  interpretations  of  others, 
who  may  lack  the  wide  experience  with  surgical  injury  and  disease 
necessary  for  the  correct  reading  of  these  pictures."  To-day  this 
recommendation  is  more  than  ever  worthy  of  acceptance,  and  in  the 
following  chapter  the  writer  has  aimed  to  omit  technicalities  and, 
instead,  to  discuss  only  those  accepted  facts  and  general  principles 
with  which  every  student  and  practitioner  of  surgery  should  be  familiar. 

The  discovery  of  the  x-ray  was  announced  by  Professor  Rontgen 
in  a  paper  before  the  Physico-medical  Society  at  Wurzburg  in  December, 
1895.  The  rapidity  with  which  the  whole  world  took  advantage  of 
this  new  agent  is  a  good  illustration  of  the  power  of  modern  science. 
Within  the  next  year  it  was  the  common  property  of  the  medical  pro- 
fession, and  was  in  practical  use  for  diagnosis  in  every  large  city  and 
in  many  of  the  smaller  towns  throughout  the  civilized  world,  and  yet 
the  year  before  a  form  of  light  which  could  penetrate  opaque  objects 
and  never  undergo  refraction  was  absolutely  unknown  in  nature  and 
almost  unthinkable  philosophically.  It  seemed  at  first  extraordinary 
that  the  x-ray  should  easily  traverse  wood  and  that  glass  was  relatively 
opaque  to  it.  Now,  however,  so  much  does  familiarity  take  away 
wonder,  that  the  x-ray  worker  thinks  it  quite  as  remarkable  that 
ordinary  light  manages  to  get  through  dense  glass  as  that  x-rays  should 
penetrate  wood.  And,  after  all,  is  it  not  even  more  simple  to  imagine 
a  light  which  penetrates  any  object  and  all  objects  in  straight  lines 
and  is  only  checked  in  proportion  to  the  density  of  the  object,  than 
to  imagine  a  light  which  passes  directly  through  some  dense  materials, 
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but  which  is  twisted  about,  reflected  and  refracted  by  other  materials 
in  different  degrees  according  to  the  texture  and  contour  of  the  material 
and  not  according  to  density? 

Physical  Experimentation  Leading  to  the  Discovery  of  the 
x-Ray. — As  must  always  be  the  case  in  a  truly  scientific  discovery, 
Rontgen  must  share  his  glory  with  the  workers  in  the  same  field  who 
have  prepared  the  way  for  him.  In  this  instance  the  two  essential 
factors  for  the  production  of  the  x-ray  were  two  previous  scientific 
inventions  which  were  practically  unknown  except  in  laboratories — 
the  high-tension  electric  discharge  and  the  vacuum  bulb.  A  long  series 
of  electric  experimentation  had  led  to  the  production  of  a  convenient 
form  of  apparatus  known  as  the  Ruhmkorff  coil  for  producing  a  high- 
tension  discharge.  Such  coils  were  to  be  found  in  every  physical 
laboratory.  Another  series  of  experiments  had  led  to  the  production 
of  glass  bulbs  or  tubes  from  which  the  air  had  been  exhausted  to  vary- 
ing degrees  of  vacuum.  These  bulbs  were  used  by  physicists  to  demon- 
strate certain  phenomena  produced  by  the  passage  of  high-tension 
currents  of  electricity  through  different  gases  in  various  degrees  of 
rarefaction.  Bulbs  or  tubes  of  this  kind  were  also  in  every  well-equipped 
laboratory  and  were  not  infrequently  experimented  with.  Crookes 
(oy  whose  name  these  tubes  have  since  been  called)  had  shown  that 
at  a  certain  degree  of  vacuum  the  transmission  of  such  a  current  through 
a  tube  containing  two  metal  terminals  which  he  called  anode  (  +  )  and 
cathode  (  — ),  was  capable  of  exciting  another  discharge  which  radiated 
in  all  directions  from  the  cathode.  He  made  many  most  interesting 
observations  on  the  character  of  this  discharge,  which  came  to  be  called 
cathode  rays.  Among  other  facts  he  showed  that  these  rays  proceeded 
in  all  directions  from  the  surface  of  the  cathode,  and  could,  therefore, 
to  a  certain  extent  be  focused  by  shaping  the  cathode  like  a  concave 
reflector.  When  they  were  thus  focused,  he  demonstrated  that,  at  the 
point  of  their  impact  on  any  object  inside  the  tube  or  on  the  wall  of 
the  tube,  their  energy  was  transformed  into  heat  and  light.  Shortly 
afterward  Lenard,  while  repeating  these  experiments,  showed  that 
the  effects  of  the  cathode  rays,  or  some  closely  allied  rays  generated 
by  the  excited  tube,  were  capable  of  demonstration  outside  the  tube. 
Lenard's  experiments  brought  him  to  the  verge  of  the  discovery  of  the 
x-rays,  but  it  remained  for  Rontgen  to  observe  that,  besides  heat  and 
light,  rays  (which  he  called  x — i.  e.,  of  unknown  nature)  were  also 
generated. 

PHYSICAL  PROPERTIES  OF  THE  JT-RAY. 

It  is  greatly  to  Rontgen's  credit  that  his  original  announcement 
of  his  discovery  was  so  thorough  and  his  description  of  the  physical 
properties  of  the  rays  so  complete  that  other  physicists  have  been  able 
to  add  but  little  since.  In  brief,  his  experiments  showed  that,  when  a 
Crookes'  tube  was  excited,  besides  heat  and  light,  certain  rays  were 
generated  at  the  point  of  impact  of  the  cathode  rays.  The  new  rays 
were  invisible,  radiated  in  straight  lines  from  their  point  of  origin,  and 


PLATE  III. 


Projection  of 

*l»»y  sloped 

plKilriizrnplita' 

plate. 


Projection  of 
fluoroscopic 
image. 


Diagram  of  Crookes's  Tubes  Illustrating  Anode,  Cathode  and  Focus  Point, 
and  the  Paths  of  the  Cathode  Rays  and  x-Rays. 
In  the  paths  of  the  x-rays  are  shown  a  diagram  of  a  fluoroscope  with  the  pro- 
jection of  the  shadow  of  a  hand  and  also  a  diagram  of  a  plate  in  a  plate-holder 
with  the  projection  of  the  shadow  of  a  hand:  Red,  focus  point  and  paths  of  x- 
rays;  blue,  paths  of  cathode  rays;  yellow,  barium  platinocyanid  screen  with 
projection  of  bones  of  hand;  green,  fluorescence  of  glass  excited  by  x-rays. 
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could  not  be  reflected,  refracted,  or  otherwise  turned  from  their  paths 
by  the  interposition  of  sheets  of  black  cardboard,  blocks  of  wood,  thin 
layers  of  metal,  or  any  other  substance  at  his  command,  although  their 
effect  was  diminished  according  to  the  amount  and  density  of  the 
substance  interposed.  Their  existence  was  proved  by  the  fact  that 
they  had  the  power  of  producing  fluorescence  of  certain  salts  (in  a  dark 
room)  and  of  producing  changes  in  a  photographic  film  similar  to  those 
produced  by  ordinary  light.  Among  the  salts  in  which  fluorescence 
was  produced,  barium  platinocyanid  appeared  to  be  the  most  sensitive, 
and  a  sheet  of  cardboard  washed  with  this  salt  he  used  as  an  indicator 
of  the  presence  of  the  rays.  He  found  that  dense  objects  interposed 
between  the  tube  and  this  cardboard  cut  off  the  rays  behind  them, 
thus  leaving  a  portion  of  the  barium  platinocyanid,  corresponding 
to  the  shape  of  the  dense  object,  more  or  less  unexcited  to  fluorescence. 
The  effect  produced  would  correspond  to  a  shadow  or  silhouette  of  the 
object,  since  the  part  of  the  screen  unprotected  by  the  object  would 
fluoresce  in  contrast  to  the  protected  part.  This  screen  was  the  proto- 
type of  the  fluoroscope,  which  is  merely  a  similar  fluorescent  screen 
inclosed  in  a  convenient  light-tight  box.     (Plate  III.) 

Ilontgen  controlled  and  recorded  his  observations  on  the  fluorescent 
screen  by  also  using  a  photographic  plate  in  its  place.  In  a  similar 
manner  dense  objects  protected  parts  of  the  film  from  the  action  of 
the  rays,  and  when  the  plate  was  developed,  the  silhouette  of  the  object 
appeared  contrasted  to  the  parts  of  the  film  unprotected  from  the  action 
of  the  rays. 

When,  among  other  objects,  he  exposed  the  human  hand,  the 
developed  plate  naturally  indicated  the  outlines  of  the  bones,  since, 
being  more  dense,  they  allowed  less  rays  to  pass  than  the  fleshy  tissues. 
This  experiment  was  the  beginning  of  the  science  of  skiagraphy  or  radi- 
ography; x-ray  pictures  are  to  day  taken  in  essentially  the  same  manner 
as  described  by  Rontgen,  except  that  increased  experience  in  the  making 
and  management  of  the  apparatus  has  made  it  possible  to  make  these 
pictures  with  almost  mathematic  accuracy.  The  forms  of  apparatus 
which  produce  the  high-tension  current  are  now  controlled  so  readily 
that  the  discharge  is  delivered  to  the  tube  with  the  greatest  precision 
and  speed.  The  tube  itself  is  so  constructed  that  the  degree  of  its 
vacuum  can  be  altered  at  will,  and  the  cathode  rays  accurately 
focused  at  one  small  point,  thus  rendering  the  radiating  lines  of  x-rays 
more  exact  and  the  shadows  they  cast  sharper.  The  technic  of  making 
and  developing  the  photographic  plates  used  for  this  work  1ms  also 
greatly  advanced. 

Notwithstanding  all  these  improvements,  however,  the  fundamental 
fact  remains  the  same,  that  the  x-rays  cannot  be  reflected,  refracted, 
or  deviated  in  any  manner  from  their  course,  and  consequently  cannot 
be  focused,  in  the  sense  that  ordinary  light  can,  by  lenses.  The  best 
that  science  can  do  is  to  make  as  small  as  possible  the  focus  point  from 
which  they  are  generated.  Practically,  in  the  most  perfect  tube  this 
point  is  now  small  enough  to  give  very  definite  outlines,  but  since  this 
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point  has  some  width,  the  detail  is  never  absolutely  accurate  for  objt 
at  a  little  distance  from  the  plate. 

In  this  chapter  it  is  not  thought  advisable  to  describe  the  for 
of  apparatus  in  common  use,  since  whatever  their  form,  conveniens 
or  price,  they  at  best  can  only  produce  a  radiation  from  a  single  poii 
which  must  give  the  same  important  advantages  and  disadvantag 
for   surgical   work.      Indeed,   the  mere  fact  that  the  x-light  alwa} 
radiates  from  one  small  point  in  straight  lines  according  to  the  absc 

lute  laws  of  geometric  projec 
tion,  makes  its  use  really  ver) 
simple  when  one  once  under- 
stands that  a  skiagraph  is  not 
a  picture,  but  "a  record  of 
density,  produced  by  the  Ront- 
gen  rays,  and  made  accord- 
ing to  the  laws  of  projection" 
(Hickey). 

Thus,  if  he  wishes,  the  sur- 
geon may  leave  to  the  skia- 
grapher  the  knowledge  of  the 
details  of  the  arrangement  of 
the  whole  apparatus  up  to  the 
stage  at  which  the  x-rays  radiate 
from  one  point,  but  beyond  this 
he  must  understand  thoroughly 
what  may  be  expected  from  their 
use.  The  reader  should  care- 
fully study  Plate  IV.,  which 
shows  a  few  of  the  common 
causes  of  x-ray  distortion.  Prac- 
tically, these  distortions  are 
seldom  exaggerated  enough  to 
be  noticeable,  but  are  always 
present  to  a  certain  degree. 

For  convenience  of  expres- 
sion we  say  that  the  penetra- 
tion of  the  x-ray  varies  accord- 
ing to  the  density  of  an  object. 
This  is  not  strictly  true,  for  the 
opacity  of  an  object  to  these 
rays  varies  according  to  atomic 
weight,  not  exactly  according  to  density.  Since,  as  a  rule,  dense  objects 
have  a  heavy  atomic  weight,  we  find  it  more  convenient  to  speak  of 
density  when  we  really  mean  atomic  weight.  In  some  cases  this  docs 
not  hold — for  example,  the  density  of  a  substance  may  vary  according 
to  its  physical  state,  whether  hot  or  cold,  solid,  liquid,  or  gaseous,  but 
its  atomic  weight  and  its  penetrability  to  the  x-ray  remain  constant  if 
its  quantity  and  volume  are  constant. 


Fig.  504. — Diagram  Explaining  Cause  ok 
Poor  Definition. 
A,  Focus  point  on  anode.  B\  B",  and  B"\ 
objects.  C,  (/',  and  C",  projections  of  objects 
as  th»y  would  app  ar  on  plates.  It  will  be  ob- 
served that  the  projection  of  B'  is  nearly  the  same 
sizp  as  the  object,  and  iN  outlines  are  clear  cut, 
whil»  C"  C",  are  greatly  enlarged,  their  outlines 
poorly  defined,  and  their  density  diminished. 
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It  is  also  thought  best  in  this  chapter  to  disregard  the  difference 
between  what  are  called  "soft"  and  "hard"  x-rays.  Under  certain 
conditions  the  penetrating  power  of  Rontgen  rays  varies  greatly  and 
consequently  the  projections  which  they  cast  also  vary  greatly  in  den- 
sity. Tubes  which  give  x-rays  of  low  penetrating  power  are  called 
"soft,"  and  tubes  which  give  rays  of  a  high  penetrating  power  are 
called  "hard." 

COMPARISON  OF  SKIAGRAPH  AND  PHOTOGRAPH. 

Since  a  skiagraph  is  a  record  of  the  densities  of  the  different  portions 
of  an  object,  it  only  in  some  cases  resembles  the  picture  of  an  object. 
Compare  the  skiagraph  of  the  bones  of  the  foot  with  the  photograph 
(Figs.  505  and  506). 


Fig.  505. — Skiagraph  or  Normal  Foot.     (Compare  with  Fig.  506.) 

The  photograph  gives  to  the  mind  only  the  data  which  are  reflected 
by  the  surface  of  the  bones  toward  the  eye;  on  the  other  hand,  in  the 
skiagraph  we  do  not  see  the  surface  of  the  object  at  all,  but  certain 
details  of  its  internal  structure  are  seen.  In  the  skiagraph  the  arching 
structure  of  the  bony  fibers  of  the  os  calcis  resembles — but  is  not — a 
picture  of  a  median  section.  In  the  photograph  the  surface  shows 
roughnesses  which  are  not  visible  at  all  in  the  skiagraph.  The  outlines 
are  present  in  both  pictures,  but  in  the  photograph  those  outlines  which 
are  overlapped  are  not  visible,  while  in  the  skiagraph  both  overlapping 
and  overlapped  are  often,  but  not  always,  seen.  Compare  the  os  calcis 
in  the  two  pictures — the  outlines  are  about  the  same,  but  observe  the 
astragali  and  look  at  the  superior  outline — in  the  photograph  it  does 
not  show.  On  the  other  hand,  in  the  skiagraph  the  tip  of  the  external 
malleolus  does  not  show. 

It  is  from  the  fact  that  the  outlines  in  the  x-ray  pictures  are  the  same 
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as  in  ordinary  pictures  of  the  same  bones  that  confusion  has  arisen, 
and  that  most  people  fail  to  understand  skiagraphs.1  As  the  outlines 
are  the  same,  we  expect  them  to  bound  surfaces  or  median  sections 
instead  of  bounding  charts  of  the  whole  bone.  Look  at  Fig.  506  again, 
and  notice  the  tibiotarsal  joint.  Why  does  it  show  in  the  skiagraph? 
Because  the  rays  which  pass  through  it  meet  less  obstruction  than 
those  which  pass  above  or  below  it.  Those  which  are  just  above  it 
meet  the  articular  surface  of  the  tibia,  which,  as  it  is  more  dense  than 
the  spongy  tissue  above  it,  is  registered  as  a  dark  line.     In  the  same 


Fig.  506.— Photograph  of  Normal  Foot.     (Compare  with  Fig.  505.) 

way  the  articular  surface  of  the  astragalus  just  below  is  registered. 
These  outlines,  of  course,  represent  the  bony  outlines,  and  not  those  of 
the  articular  cartilages,  which  are  transparent  to  the  x-rays. 

JT-RAY  ANATOMY. 

The  important  conclusion  to  be  drawn  from  these  facts  is  that,  to 
interpret  skiagraphs  correctly,  we  must  be  familiar  with  the  interior 
anatomy  of  bones,  as  well  as  their  surface  appearances — at  least,  with 
so  much  of  their  interior  as  appears  in  the  skiagraph.  For  instance, 
in  the  skiagraph  of  the  os  calcis  which  we  have  already  taken,  some  por- 
tions will  be  observed  to  be  lighter  and  some  darker.  The  sustentaculum 
tali  is  represented  by  a  more  or  less  oval  dark  area,  while  just  beneath 
it  is  a  lighter  one,  representing  a  portion  of  the  bone  which  gives  less 
resistance  to  the  rays.  In  the  same  way  all  the  other  bones  have  their 
more  or   less  dense   portions,  and   a  knowledge  of   these  portions  is 

1  It  is  for  this  reason  that  the  stereoscope  and  "fluoroscopic  spectacles"  are 
unsatisfactory  for  x-ray  work.  The  value  of  the  stereoscope  depends  theoretically 
on  the  outlines  bounding  surfaces.  Tliis  is  never  true  in  skiagraphs;  x-ray  outlines 
also  differ  from  ordinary  outlines  in  point  of  perspective,  for  the  nearer  ones  are 
the  smaller  and  best  denned. 
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essential  to  correct  interpretation.  Pathologic  conditions  character- 
ized by  increase  of  bone  will  show  darker  shadows  (i.  e.,  in  the  print); 
those  characterized  by  decrease  or  destruction  of  bone  will  show  lighter 
shadows  and  obliteration  of  the  finer  details. 

Fig.  507  illustrates  a  skiagraph  of  a  number  of  denuded  bones,  reen- 
forcing  the  point  that  the  outlines  are  like  the  photograph,  but  that 


Fio.  607. — Skiagraph  of  Normal  Denuded  Boneh. 

the  picture  within  the  outlines  is  a  record  of  density,  not  a  picture  of  the 
surface  or  of  the  median  section. 

Our  x-ray  anatomy  should,  therefore,  comprise  a  knowledge  of — 
1.  The  outline.  2.  The  cortex.  3.  The  cancellous  tissue  and  shape. 
4.  The  medulla.     5.  The  epiphyseal  line. 
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The  Outline. — It  is  important  to  know  the  irregularities  of  normal 
outline,  since  certain  diseases  are  characterized  either  by  erosion  or 
increase  of  surface  bone.  Occasionally  the  attachments  of  tendons  are 
normally  represented  either  by  depressions  or  by  prominences,  per- 
haps by  both.  For  instance,  at- the  superior  posterior  angle  of  the 
os  calcis  we  see  a  slight  depression  for  the  tendo  Achillis,  and  at  the 
tip  of  the  olecranon  we  often  find  a  little  angle  of  bone  projecting  into 
the  triceps  tendon.  It  is  not  unusual  in  people  of  a  strong  muscular 
type  to  find  the  insertion  of  the  larger  tendons  marked  by  these  small 
osteophytes.  The  condition  may  be  associated  with  osteo-arthritis, 
and  the  upward  growth  into  the  tendon  be  so  great  as  to  cause  dis- 
ability. The  attachment  of  ligaments  may  cause  elevations  or  rough, 
irregular  depressions  which  must  not  be  confused  with  the  erosions  of 
disease.  Attention  to  the  outline  of  the  articular  surfaces  is  of  especial 
importance,  for  here  any  slight  departure  from  a  uniform  outline, 
especially  in  adults,  is  very  strong  evidence  of  disease.  In  a  tuber- 
culous knee  I  was  able  to  locate  almost  exactly  the  regions  in  which 
ulceration  of  the  bone  had  occurred  by  the  careful  study  of  three 
skiagraphs  made  from  different  directions.  The  interpretation  was 
recorded,  and  after  excising  the  joint,  the  description  was  found  correct 
in  every  particular. 

The  Cortical  Bone. — A  comparison  of  the  bones  in  Fig.  507  will 
show  that  in  different  bones,  and  in  different  regions  in  the  same  bone, 
the  cortex  varies  to  a  great  degree.  In  the  lower  extremity  of  the  radius 
it  is  indistinguishable  except  as  outline,  but  as  we  go  up  the  shaft  it 
increases  rapidly  in  thickness,  reaching  a  maximum  a  little  over  half- 
way up.  It  is  of  egg-shell  thinness  in  the  square  bones  and  the  upper 
extremity  of  the  tibia,  etc  In  certain  planes  we  may  see  the  canals 
of  the  nutrient  arteries.  The  importance  of  the  study  of  the  cortex 
will  be  illustrated  in  the  diagnosis  of  hereditary  syphilis. 

The  Cancellous  Structure  and  the  Shape  of  the  Bone.— Shape 
and  structure  should  properly  be  studied  together,  for  where  there  are 
ridges  or  elevations,  as  in  the  borders  of  the  fibula  or  the  sustentaculum 
tali,  the  whole  mass  of  the  bone  is  projected  into  one  plane.  In  Fig. 
507,  if  we  did  not  remember  the  irregular  surfaces  and  borders  of  the 
fibula,  the  dark  streaks  in  the  upper  part  of  the  medullary  canal  might 
be  mistaken  for  an  increased  amount  of  cancellous  tissue  in  the  in- 
terior of  the  bone.  A  more  exaggerated  example  would  be  the  olec- 
ranon fossa  in  the  lower  extremity  of  the  humerus.  If  a  skiagraph 
of  the  upper  end  of  the  tibia  should  present  a  similar  light  area,  we 
might  justly  suspect  an  abscess-cavity.  The  amount  of  what  might 
be  called  normal  detail  in  the  cancellous  tissue  is  also  important  We 
expect  to  see  the  structure  more  plainly  marked  in  the  lower  end  of 
the  radius  than  we  do  in  the  shaft  of  the  humerus.  Any  localized 
area  where  the  detail  does  not  show  well,  while  that  immediately 
about  it  does  not  appear  clear  cut,  suggests  absorption  of  bone  and 
disease;  therefore,  we  must  know  where  this  condition  normally  exists 
(see  the  styloid  of  the  radius  in  Fig.  507). 
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The  Medullary  Canal. — Familiarity  with  the  normal  appearance 
of  the  medullary  canal  of  the  long  bones  is  also  important,  as  changes 
in  its  shape  are  found  in  certain  diseases. 

The  Epiphyseal  Lines. — In  studying  an  epiphyseal  line,  as  in 
Fig.  508,  we  must  bear  in  mind  that  the  epiphyseal  cartilage  itself  does 
not  show.  We,  therefore,  have  the  adjoining  sur- 
faces of  two  bones  to  study.  If  the  skiagraph  is 
taken  at  a  slightly  oblique  angle,  the  appearance 
of  the  edge  of  these  two  surfaces  will  be  like  two 
irregular  ellipses  overlapping  each  other. 

I  have  several  times  seen  these  lines  mistaken 
for  fractures.  Generally,  though  irregular  in  outline, 
the  edge  is  well  defined  and  clear  cut.  When  affected 
by  a  pathologic  process,  as  tuberculosis,  however, 
the  detail  is  lost  and  the  erosions  have  a  distinctive 
character.  The  appearance  of  the  different  stages 
of  normal  development  of  the  centers  of  ossification 
of  the  epiphyses  should  also  be  studied. 

CONDITIONS   NECESSARY    FOR    CLEAR   DETAILS 
IN  SKIAGRAPHS. 

Before  proceeding  to  the  study  of  pathologic 
conditions,  a  few  words  may  be  said  on  the  condi- 
tions necessary  for  obtaining  definite  skiagraphs. 
For  fractures  and  foreign  bodies  a  very  poor  skia- 
graph is  often  as  good  as  a  clear  one,  but  for  the 
definition  of  diseased  areas  in  the  bone,  accuracy  is 
of  far  greater  importance.  Experience  formulates 
the  following  conditions  to  be  observed  in  obtain- 
ing accurate  detail: 

1.  Keep  the  limb  absolutely  quiet  in  such  a  posi- 
tion that  no  muscular  tension  is  required  on  the  part 
of  the  patient. 

2.  Place  the  tube  as  far  away  from  the  plate  as  is  consistent  with 
obtaining  a  full  exposure  in  a  reasonable  time —    e.,  usually  two  feet. 

3.  Place  the  patient  or  limb  in  such  a  position  that  the  portion  of 
bone  suspected  to  be  diseased  shall  be  in  the  closest  possible  proximity 
to  the  plate. 

4.  Use  a  tube  with  as  small  a  focal  point  as  can  be  obtained. 

5.  Be  sure  that  the  plane  of  the  plate  is  at  right  angles  to  the  paths 
of  the  rays  which  strike  its  center. 

USE  IN  DETECTING  FOREIGN  BODIES. 

To  surgeons  who  have  recognized  the  limitations  of  Rontgen  pictures 
and  have  appreciated  the  fact  that  they  are  "  records  of  density  made 
according  to  the  laws  of  projection, "  the  x-ray  has  been  no  disappoint- 
ment; to  others,  who  have  lacked  a  clear  understanding  of  its  physical 
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properties,  it  has  often  proved  deceitful  and  misleading.  Mistakes  in 
regard  to  the  location  of  foreign  bodies  have  been  especially  common, 
and  have  been  due  to  inaccuracy  in  the  technic  of  making  the  skiagraphs 
or  of  interpreting  them.  The  error  has  generally  been  on  the  part  of  the 
surgeon,  who  has  perhaps  been  disappointed  because  large  pieces  of 
wood  do  not  show  or  has  failed  to  use  the  x-ray  for  bits  of  glass  which 
make  very  clear  projections.  As  a  general  rule,  objects  which  at 
once  sink  in  water  show  well  in  contrast  to  the  tissue;  those  that  sink 
slowly  or  float  only  show  if  contrasted  to  surrounding  tissues  of  greatly 
different  density.  Thus  the  lungs  contrast  with  the  diaphragm  and 
heart,  and  coils  of  intestine  distended  with  gas  contrast  with  the  other 
abdominal  contents.     Areas  of  consolidation  show  in  the  lung  which 

would  not  show  in  the  liver. 

To  avoid  errors  of  localization 
various  devices  have  been  recom- 
mended which  permit  the  object 
to  be  located  with  mat  hematic 
precision.  Most  of  these  de- 
vices, however,  are  so  compli- 
cated in  their  nature  that  they 
are  seldom  of  practical  value,  but 
in  especial  instances,  as  in  locat- 
ing bullets  imbedded  in  the,  brain 
or  foreign  bodies  in  the  interior 
of  the  eye,  they  may  be  of  para- 
mount importance.  Some  ap- 
paratus of  this  kind  has  become 
absolutely  necessary  to  the  oph- 
thalmic surgeon.  Perhaps  the 
most  practicable  method  is  that 
recommended  by  Sweet,  of  Phila- 
delphia. In  ordinary  surgery,  in 
most  instances,  it  suffices  to  care- 
fully study  the  relations  of  the 
foreign  body  and  the  bony  land- 
marks, as  shown  in  two  or  more 
skiagraphs  taken  at  as  nearly 
right  angles  as  possible.  If  the  surgeon  knows  the  relative  positions  of 
focus  point,  patient,  and  plate  at  the  time  the  skiagraphs  are  taken, 
he  should  be  able  to  locate  the  relation  of  the  foreign  body  to  the  bony 
landmarks  with  sufficient  accuracy.  I  have  frequently  been  able  to 
locate  the  plane  of  a  bit  of  needle  in  the  hand  or  foot  with  sufficient 
precision  to  cut  down  at  right  angles  to  it  by  an  incision  the  width  of 
a  knife-blade  and  then  with  hemostatics  to  grasp  it  and  force  its  end 
out  through  the  skin.  As  a  rule,  it  is  better  to  plot  out  with  the  eye 
the  relation  of  the  foreign  body  to  the  bony  landmarks  which  appear 
in  the  picture;  than  to  attempt  to  locate  it  by  the  aid  of  metallic  sub- 
stances attached  to  the  skin.     Any  object  attached  to  the  skin  may 


12  3 

Fig.  509.— x-Ray  of  Three  Test-tubes. 
1.   Containing    plain    water;    2,  containing 
one  corrosive  tablet    in   solution  ;   3,  containing 
two  corrosive  tablets  in  solution. 


RENAL    AND    URETERAL    CALCULI.  1153 

change  its  relative  position  as  regards  the  foreign  body,  since  the  position 
of  the  part  or  the  retraction  on  the  wound  shift  the  soft  parts  about 
to  a  certain  extent. 

In  some  portions  of  the  body  the  anatomic  conditions  determine  the 
position  of  the  foreign  body,  e.  g.,  coins  in  the  esophagus  always  lie  in 
the  sagittal  plane,  in  the  median  line  or  to  the  left  of  it,  whereas  if  they 
are  in  the  air-passages,  they  will  be  found  (probably  in  the  right  bron- 
chus) to  the  right  of  the  median  line.  If  their  axis  lies  diagonally  to 
the  vertical  axis  of  the  body,  they  are  probably  in  the  right  bronchus 


Fia.  510. — Reduced  Skiagraph  op  Tack  in  Bronchi. 
The  figure  shows  the  position  of  a  tack  in  the  first  primary  division  of  the  right  bronchus,  the 
point  projecting  about  one-quarter  inch  into  the  right  bronchus  itself.     I  was  able  to  remove  the 
tack  by  introducing  a  urethroscope  through  a  tracheotomy  wound. 

itself;  if  their  axis  is  transverse,  they  are  probably  in  the  first  primary 
branch  of  the  right  bronchus.  A  nail  which  was  in  one  of  the  lower 
left  primary  bronchi  was  seen  to  lie  with  its  long  axis  vertical. 

RENAL  AND  URETERAL  CALCULI. 

One  of  the  most  important  branches  of  skiagraphy  is  its  use  in  the 
location  of  renal  and  ureteral  calculi.  It  is  in  this  branch  of  the  work 
that  excellence  of  technic  is  of  the  utmost  importance.  No  surgeon 
should  be  satisfied  with  a  skiagraph  taken  to  determine  the  diagnosis 
of  such  calculi,  unless  its  detail  throughout  is  sufficiently  clear  to  show 
definitely  the  entire  outline  of  the  last  rib,  for  even  small  stones  have 
about  the  same  density  as  the  twelfth  rib,  and  should  show  as  easily  as  it. 
The  ureteral  and  pelvic  regions  should  strictly  demand  greater  detail 
than  the  renal  regions.  Plates  of  these  regions  cannot  be  too  clear,  for 
errors  in  both  the  positive  and  negative  diagnosis  are  not  infrequent. 
vol.  v— 73 
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In  stout  people  clear  pictures  are  sometimes  almost  impossible,  and 
thus  small  calculi  may  escape  detection.  In  others  a  heavy  mass  of 
dense  inflammatory  tissues  about  the  diseased  kidney  may  obscure 
the  picture.  On  the  other  hand,  positive  shadows,  on  the  plate  may 
be  deceptive.  The  shadows  of  inspissated  scybala,  atheromatous 
arteries,  phleboliths,  calcified  appendical  concretions,  caseous  glands, 
and  ossifications  in  the  sacrosciatic  ligaments  may  be  mistaken  for 
calculi.  Shadows  which  do  not  lie  in  the  known  course  of  the  ureters 
should  give  rise  to  suspicion.  As  a  rule,  it  may  be  said,  however,  that 
the  x-ray  expert  seldom  makes  an  error  nowadays  either  in  a  positive 
or  negative  diagnosis.     It  is  the  duty  of  the  surgeon,  nevertheless,  care- 


Fig.  511. — An  x-Ray  and  Photograph  of  Twenty-eight  Calculi  in  the  Ureter. 
Removed  by  myself  by  the  intravesical  method. 

fully  to  study  the  plates  and  assure  himself  that  they  are  definite  in 
detail.  Leonard,  who  has  been  a  pioneer  and  leader  in  this  branch  of 
x-ray  work,  reports  only  nine  known  errors  in  320  cases,  but  in  a  con- 
siderable percentage  the  subsequent  history  has  not  been  obtained. 

Before  taking  skiagraphs  for  renal  or  ureteral  stones,  the  bowels 
should  be  thoroughly  evacuated.  A  positive  diagnosis  should  be 
verified  by  a  second  plate,  taken  at  a  later  date.  The  intensity  of  the 
shadows  cast  by  calculi  varies  with  the  atomic  weight  of  the  salts  of 
which  the  calculi  are  composed. 

Although  the  existence  of  vesical  calculi  can  ordinarily  be  readily 
determined  by  the  cystoscope  and  by  clinical  methods,  the  x-ray  is  a 
great  boon  to  the  patient  in  these  cases,  for  its  use  saves  the  pain  of  the 
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introduction  of  an  instrument.  Occasionally,  encysted  stones  in  the 
prostate  or  in  diverticula  of  the  bladder  which  escape  detection  by  the 
cystoscope  are  shown  in  the  skiagraph. 

Unfortunately,  biliary  calculi,  as  a  rule,  are  of  about  the  same  density 
as  the  soft  parts,  and  hence  do  not  show.  Occasionally  one  contains 
enough  lime  salts  to  give  a  faint  shadow,  but  this  is  not  the  case  often 
enough  to  make  attempts  to  detect  them  in  this  manner  of  much 
practical  value. 

Calculi  are  exceptionally  located  in  other  glands,  for  instance,  in  the 
testicle,  the  ovaries,  and  the  salivary  glands.  Caseous  and  calcified 
lymphatic  nodes  in  any  part  of  the  body  may  show  on  the  x-ray  plate, 
since  the  salts  of  calcium  are  of  heavy  atomic  weight. 

In  the  knee-joint  those  loose  bodies  which  contain  lime  salts  (e.  g., 
chips  from  the  articular  surface  known  as  "mice")  may  be  expected  to 
show  in  the  skiagraph,  while  those  which  are  composed  of  fibrocartilage 
or  fatty  tissue  (e.  g.,  loose  semilunar  cartilages  and  synovial  villi)  do 
not  show,  as  a  rule.  To  render  the  contrast  between  such  structures 
and  the  surrounding  parts  greater,  Hoffa  has  injected  oxygen  into  the 
joint  with  a  special  apparatus. 

USE  IN  FRACTURE. 

The  value  of  the  x-ray  in  the  diagnosis  and  treatment  of  fractures  has 
been  aptly  expressed  by  Cotton:  "The  greatest  direct  service  of  the 
x-ray  in  my  opinion  has  been  that  it  has  given  us  a  clearer  idea  of  the 
lesions  in  ordinary  fractures,  and  has  cleared  up  the  pathology  of  various 
less  usual  fractures  that  previously  were  obscure.' '  Certainly  it  is 
true  that  surgeons  of  to-day,  particularly  of  the  younger  generation, 
have  a  better  idea  of  the  pathology  of  most  fractures  than  they  did 
fifteen  years  ago.  The  ability  to  prove  or  disprove  our  clinical  diag- 
noses by  the  skiagraph  has  brought  greater  skill  in  diagnosis.  On  the 
other  hand,  there  is  at  present  too  great  a  tendency  for  the  surgeon 
to  become  dependent  on  the  x-ray  for  his  diagnosis  and  his  indications 
for  treatment.  The  surgeon  should  not,  in  his  desire  to  spare  his 
patient,  neglect  to  make  his  clinical  examination  as  careful  as  possible 
without  causing  undue  pain.  On  the  other  hand,  after  the  x-ray  has 
been  taken,1  he  should  not  allow  himself  to  be  blinded  to  the  clinical  facts 
by  the  information  it  gives  him.  For  instance,  in  fractures  of  both  bones 
of  the  leg,  if  the  general  alignment  of  the  bones  is  good  and  the  fractured 
ends  fairly  approximated,  it  is  folly  to  endeavor  to  try  to  obtain  end- 
to-end  approximation  instead  of  a  slight  overlapping.  In  fact,  the  x-ray 
itself  is  constantly  showing  us  bones  which,  although  overlapped  at  the 
time  the  fracture  was  set,  after  a  few  years  present  only  a  slight  jog  in 
the  contour  of  the  bone  at  the  point  of  fracture.  Instances  of  the  use  of 
the  x-ray  in  fractures  are  too  numerous  to  mention  here,  and  are  given  in 
the  chapters  devoted  to  these  lesions. 

1  One  must  not  look  for  callus  to  show  in  the  *-ray  until  lime  salts  are  deposited 
in  it,  t.  e.,  until  it  begins  to  be  "bony"  callus.  This  process  seldom  begins  before 
the  fourth  week,  and  frequently  not  until  many  months  have  elapsed.  Union  may 
be  firm  and  yet  callus  not  appear  in  the  skiagraph. 
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USE  IN  BONE-DISEASE. 

In  the  early  years  of  the  use  of  the  x-ray  its  evident  value  in  cases  of 
foreign  bodies  and  fractures  drew  attention;  gradually  it  was  found 
that  it  was  capable  of  also  giving  us  assistance  in  the  diagnosis  of  dis- 
eases which  affect  the  bones.  At  first  we  were  greatly  pleased  that 
in  certain  cases  we  were  able  to  differentiate  in  a  given  swollen  limb 
between  fracture  and  disease,  but  gradually  it  became  apparent  that 
certain  x-ray  appearances  were  more  or  less  characteristic  of  certain 
diseases.  As  in  fractures,  constant  use  of  the  x-ray  has  lead  to  a  better 
pathologic  knowledge  of  bone-disease.  We  are  able,  by  the  skiagraph, 
to  acquire  readily  and  easily  facts  which  in  previous  times  were  most 
difficult  to  obtain.  Even  by  their  scanty  opportunity  at  operation 
and  post-mortems,  our  predecessors  accumulated  for  us  a  vast  amount 
of  knowledge  as  to  how  different  diseases  affect  the  bones.  By  applying 
this  knowledge  as  far  as  it  concerns  the  inorganic  portion  (i.  e.,  the  por- 
tion composed  of  lime  salts)  of  the  bones  we  may,  in  a  given  instance, 
use  the  x-ray  to  great  advantage.  It  shows  us,  for  instance,  that  bone 
substance  has  been  lost  or  gained,  that  such  loss  or  gain  is  in  the  shaft 
or  epiphysis  or  other  portion  of  the  bone.  It  further  shows  us  whether 
this  loss  or  gain  has  occurred  in  any  especial  form — whether  it  has 
occurred  irregularly  or  homogeneously.  In  this  way  we  may  gain  data 
which  are  of  great  value  as  aids  in  clinical  diagnosis.  Although  it  is 
thus  a  great  help  in  telling  us  how  the  disease  has  affected  the  inorganic 
portion  of  the  bone,  we  must  realize  that  this  is  all  it  does  tell  us.  We 
cannot  expect  it  to  tell  us  how  the  surface  of  the  bone  or  its  cross- 
section  looks  to  the  eye,  any  more  than  how  it  smells  or  how-  it  feels. 
The  x-ray  may  tell  us  that  the  lime  salts  in  a  given  area  have  disappeared 
and  have  been  replaced  by  tissue  of  less  atomic  weight,  but  it  cannot 
tell  us  whether  this  tissue  is  sarcoma,  chondroma,  hypernephroma, 
myeloma,  gumma,  pus,  or  clear  fluid.  Nevertheless,  if  each  one  of 
these  lesions  has  its  characteristic  way  of  attacking  the  bone  and  causes 
its  local  destruction  in  a  certain  manner,  we  may  infer  with  more  or  less 
certainty  what  are  the  contents  of  the  space  in  which  the  lime  salts 
have  disappeared.  As  a  matter  of  fact,  experience  has  shown  that 
these  different  lesions  do  affect  the  inorganic  part  of  the  bone  in  more 
or  less  typical  ways.  For  instance,  the  effect  of  true  medullary  giant- 
cell  sarcoma  has  a  characteristic  appearance  in  the  x-ray,  and  although 
this  appearance  might  be  confused  with  that  of  benign  bone-cyst  or 
metastatic  new-growth,  it  can  readily  be  distinguished  from  the  effect 
of  periosteal  sarcoma  or  of  bone-abscess  or  gumma.  As  far  as  we  knowr, 
metastatic  hypernephroma  and  carcinoma  attack  the  bone  in  a  similar 
way  to  medullary  sarcoma,  but  it  is  likely  that  increased  experience 
will  call  attention  to  some  essential  point  of  difference  which  the  skia- 
graph will  register.  A  skiagraph  properly  taken  is  mathematically 
correct  within  a  very  small  limit  of  error;  it  gives  correct  data  for  infer- 
ence, and  it  is  our  own  fault  if  our  deductions  are  incorrect. 

The  following  are  certain  pathologic  facts  concerning  the  usual 
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manner  in  which  some  of  the  commoner  diseases  affect  the  inorganic 
portions  of  bone,  and  which  the  skiagraph  may  be  of  assistance  in  deter- 


Fig.  512. — Early  Tumor  Albub,  bhowino  Density  of  Soft  Parts  and  Squaring  of  Epiphtbib 

ok  Tibia. 

mining.     Exceptions  to  these  rules  occasionally  occur,  but  in  the  vast 
majority  of  cases  of  bone-disease  the  x-ray  will  give  the  key  to  the  diagno- 


Fio.  513. — Active  Tuberculous  Dibeabe  op  Tibia. 
Tarsal  joint  showing  penciled  outline*  of  tarsal  bones. 

sis  to  the  student  who  combines  a  fair  knowledge  of  pathologic  anatomy 
and  the  simple  principles  of  skiagraphy. 
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Tuberculosis  affects  the  joint  surfaces,  short  bones,  or  epiphyses,  and  only 
secondarily  runs  up  the  shaft.  Characterized  by  loss  rather  than  increase  of  bone 
substance.  Sequestra  and  abscesses  are  small  {smaller  than-hazel  nut)  and  poorly 
defined.     Adjacent  bones  show  afrophy. 


Fig.  514. 


-Old  Tuberculosis  of  Elbow,  showing  New  Bone  Formation  and  a  Focus  with 
Well-defined  Walls  in  Ulna. 


In  the  early  stages  of  tuberculosis  in  children  the  centers  of  ossification  of  the 
affected  epiphyses  are  enlarged  and  rectangular  instead  of  pyramidal.  Trabecular 
structure  cloudy  and  ill  defined.  Foci  not  definitely  marked  off  from  surrounding 
spongy  bone.     Infiltrated  soft  parts  are  more  dense  than  normal  (Fig.  .512). 

In  active  stayes  trabecular  ill  defined.  Caseous  detritus  in  surrounding  tissue. 
Marked  atrophy  of  surrounding  bones  (showing  penciled  outline  in  .r-ray).  Destruc- 
tion may  allow  dislocation.     Sequestra  poorly  defined  (Fig.  513). 


Fig.  olo. — Caries  Sicca  of  Mumehus,  showing  Erosion  about  Anatomic  Neck. 


In  healing  stage.  Irregular  compensatory  new  bone  formation  about  disease. 
Dense  and  better  defined  walls  about  foci.  Sequestra  relatively  clearly  defined, 
often  wedge  shaped. 

In  Caries  Sicca. — Local  erosion  of  bone  at  margins  of  articular  cartilage  where 
synovial  membrane  is  reflected.     Adjacent  bones  not  so  atrophic  as  in  usual  form. 
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Fig.    516. — Late    Form    of  Congenital    Syphilis,    showing    Cortical    Thickening. 
Blister",  and  "Saher-shaped  Tibia." 


"Bone 


Fig.  517. — Late   Form  of  Congenital  Syphilis,  showing    Juxta-epiphykeal  Loss  of  Sub- 
stance and  Relative  Shortening  of  Ulna. 
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Syphilis  rarely  affects  joint  or  epiphysis,  but  cortex  of  shaft.  Characterized  by 
increase  rather  than  diminution  of  bone  substance.  Abscesses,  if  any,  in  cortex,  not 
in  medulla.    Rarely,  if  ever,  leads  to  sequestration. 


Fio.  518. — Tertiary  Acquired  Syphilis,  showinu   "Furred"    Appearance  of  New-formed 
Cortical  Bone  near  Lower  End  of  Humerus. 


In  the  late  form  of  hereditary  syphilis  it  is  rare  to  find  other  bones  affected 
unless  tibia?  are  also.  Extreme  cases  give  "saber-shaped"  tibia,  but  when  this 
condition  is  present,  fibula  also  usually  shows  localized  areas  of  cortical  thickening. 
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There  may  be  a  "bone  blister,"  due  to  localized  gummatous  formation  under  the 
periosteum.  Occasionally  there  is  localized  destruction  of  bone  substance  on  the 
diaphyseal  side  of  the  epiphyseal  line,  but  when  this  is  so  there  is  also  increase  of 
cortical  bone  in  some  portions  of  the  shaft.  Interference  with  epiphyseal  growth 
may  cause  relative  shortening  of  ulna  or  radius. 

In  tertiary  forms  of  acquired  syphilis  the  cortical  enlargement  is  apt  to  be  more 
irregular  and  is  commonly  toward  the  lower  ends  of  the  long  bones  just  above  the 
joints.  The  cortical  bone  is  deposited  by  the  periosteum  irregularly,  so  that  the 
outline  in  the  x-ray  has  a  furred  appearance  (in  the  dried  specimen  the  surface  is 
worm-eaten).  Loss  of  bone  substance  except  in  the  cortex  is  rare — t.  e.,  central 
gumma. 


Fig.  519. — Dried  Specimen  or  Osteomye- 
litis of  Radius,  showing  Large  Se- 
questrum and  Involucrum.  (Warren 
Museum.) 


Fig.  520. — Osteomyelitis  in  Spongy  Bone 
at  Ixjwer  End  of  Tibia,  Forming  a 
Large  "Bone- abscess"  with  Dense 
Walls. 


Osteomyelitis  due  to  staphylococcus  and  other  pus-producing  organisms 

affects  diaphysis  far  more  than  epiphysis.  In  early  stages  does  not  affect  inorganic 
constituents  of  the  bone.  Usually  characterized  by  both  increase  and  loss  of  bone  sub- 
stance. Sequestra  large  and  clearly  defined.  Abscesses  large  and  with  dense  walls  in 
proportion  to  their  age. 

During  acute  and  painful  stage  there  is  no  change  in  the  inorganic  bone,  but 
when  the  infection  has  existed  for  a  few  weeks,  there  is  solution  of  trabecular  where 
the  spongy  bone  is  affected,  and  deposits  of  new  bone  where  the  periosteum  is 
lifted  by  pus  and  where  the  line  of  demarcation  exists  in  the  spongy  bone.  Old 
eburnated  sequestra  are  very  dense  and  lie  embedded  in  granulation  tissue  or  pus, 
which  have  very  little  density,  and  separate  them  from  the  involucrum. 

Sequestra  are  usually  composed  of  the  whole  cortex  or  portions  of  the  cortex, 
and  preserve  the  same  outline  as  the  original  shaft.     They  do  not  become  dissolved 
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in  the  pus,  as  do  the  trabecule  in  the  spongy  portion  of  the  bone.  In  some  old  cases 
they  are  even  more  dense  than  normal  bone. 

Bone-abscesses  due  to  infection  of  the  spongy  tissue  become  larger  (e.  g.,  larger 
than  hazel-nut)  than  tuberculous  abscesses  and  have  little  density  in  their  centers 
and  increased  density  in  the  wall  of  healthy  bone  which  surrounds  them.  Such 
abscesses,  when  old,  may  be  surrounded  by  a  thick,  dense,  eburnated  wall. 

Old  cases  of  septic  osteitis  sometimes  present  a  bizarre  appearance,  due  to 
solution  of  bone  in  some  places  and  excessive  deposit  of  lime  salts  in  others.     The 


Fk; 


521. — Bone-abscess     op    Many    Years' 
Duration  in  Upper  End  of  Tlbia. 
Wall  is  so  dense  that  cavity  is  barely  shown. 


Fig.    522. — Typhoid  Osteomyelitis  of 
Timia,  showing  "Bone  Blister." 


joints  are  rarely  involved.  Adjacent  parts  of  the  bone  are  more  often  hypertrophic 
than  atrophic. 

Typhoid  osteomyelitis  is  usually  subperiosteal,  causes  a  localized  cortical 
hypertrophy  and  a  "bone  blister"  resembling  syphilis,  but  without  as  much  general 
cortical  thickening  in  the  neighborhood. 

Chronic  Arthritis. — The  clinical  division  of  the  forms  of  chronic  arthritis 
which  have  been  called  gouty  and  rheumatic  has  never  been  satisfactory.  It  seems 
likely  that  the  .r-ray  will  help  to  bring  about  a  more  rational  classification.  From 
an  .r-ray  point  of  view  it  is  not  difficult  to  divide  these  cases  into  three  types  which, 
to  a  certain  extent,  may  also  be  distinguished  clinically. 
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Hypertrophic,  in  which  there  is  new  bone  formation  in  the  form  of  rims  and 
spurs  at  the  articular  edges  and  well-marked  density  in  the  bones. 

Atrophic,  in  which  the  bones  are  below  normal  in  density,  and  the  articular 
cartilage  is  atrophied  so  that  the  normal  joint  space  is  obliterated. 

These  two  types  are  occasionally  mixed. 

True  gout,  where  tophi  of  little  density  occur  and  erosions  of  the  sides  of 
phalanges  are  present. 

In  the  non-suppurative  joint  infections  there  is  usually  no  change  in  the 
articular  surfaces  to  be  seen  in  the  plate.  In  some  cases,  however,  there  is  marked 
destruction  of  articular  surfaces  almost  resembling  tuberculosis. 


Fi<;.  523. — Hypertrophic  Arthritis  of 
Thumb. 


Fie.  524. — Atrophic  Arthritis. 


Bone  Atrophy. — The  use  of  the  x-ray  has  made  obvious  the  fact  that  bone^ 
like  other  tissues,  shrinks  and  dwindles  from  disease  and  disuse.  The  inorganic 
structure  of  the  bones  of  an  inactive  old  man  differs  almost  as  much  as  his  muscular 
condition  from  that  of  a  young  man.  The  trabecular  spacing  is  more  widely  meshed 
and  more  clearly  marked.  In  the  atrophy  consequent  on  disease  the  reverse  is  the 
case,  and  the  trabecular  marking  is  less  distinct.  The  penciled  outlines  of  the 
bones  adjacent  to  tuberculous  disease  has  already  been  mentioned.  Sudeck  has 
called  attention  to  an  essential  acute  inflammatory  bone  atrophy.  In  this  condition 
there  is  an  absorption  of  lime  salts.  It  is  frequently  seen  in  gonorrheal  arthritis 
and  in  the  bones  adjacent  to  septic  joints,  and  is  probably  the  condition  present  in 
some  cases  of  "infectious  arthritis. " 
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Fig.  525.— Rachitic  Knees. 


Rickets. — The  long  bones  are  bowed  and  the  cortex  on  the  concave  side 
thickened.  The  epiphyseal  ends  of  the  diaphyses  are  broadened  and  frequently 
contain  small  irregular  areas,  filled  with  tissue  of  little  density.  The  center  of 
ossification  of  the  epiphysis  is  small,  and  presents  a  smooth  contour  toward  the 
joint  and  an  irregular  one  toward  the  epiphyseal  line.  The  epiphyseal  cartilage 
it-self  is  much  thicker  than  normal,  and  its  demarcation  from  the  diaphysis  very 
indefinite 
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Fig.  526. — Chondrodystrophia  Fcbtalis. 

Chondrodystrophia  Foetalis. — The  bones  of  the  limbs  are  shorter  than  normal 
but  straight  (except  in  infants).  The  epiphyseal  ends  of  the  long  bones  are  sharply 
broadened  (see  rickets,  in  which  the  broadening  is  gradual).  The  epiphyseal  line 
is  abnormally  narrow  and  the  structure  of  the  adjacent  bone  is  normal. 
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Fig.  527. — Periosteal  Dysplasia.     (Warren  Museum.) 

Periosteal  Dysplasia. — The  epiphyses  are  of  normal  size  and  shape,  while  in 
the  shaft  there  is  an  absence  or  great  diminution  of  cortical  bone  formation,  so  that 
bending  and  fracture  are  common. 
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Fig.  528. — Osteitis  Deformans  of  Femur. 


Osteitis  deformans  usually  affects  the  long  bones,  which  are  frequently 
bowed.  Characterized  by  great  increase  of  width  of  cortex,  but  for  its  size  the  bone 
has  often  less  density  than  normal  and  may  appear  laminated  in  the  x-ray  picture. 

Osteomalacia.— General  and  local  loss  of  density,  so  that  the  medulla  increases 
in  width  at  the  expense  of  the  cortex.  Cyst  formation  without  dense  wall.  Some- 
times sharp  angulation;  fractures  common. 
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Fia.  529. — Multiple  Chondral  Exostoses. 


Fig.   630. — Isolated  Chondroma  or 
Metacarpal. 


Multiple  Chondral  Exostoses.— Commonest  near  the  epiphyseal  lines,  but 
may  occur  on  shaft.  Usually  contain  lime  salts,  particularly  next  to  their  capsule. 
Bases  of  tumors  may  displace  true  bone  at  point  of  origin,  so  that  cortex  is  indented 
with  cartilage.  Outlines  of  tumors  irregular,  but  smooth.  Disturbance  of  growth 
at  epiphyseal  lines  may  lead  to  asymmetric  growth  of  bones  (manu  radioflexa). 
Since  cartilage  has  little  density,  it  does  not  show  in  the  skiagraph  except  when  there 
is  ossification  in  it,  or  by  contrast,  where  it  has  displaced  normal  bone.  Most  chon- 
dromata  contain  a  framework  or  core  of  bone  and  have  islands  of  bone  in  their 
substance. 
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Fio.  531. — Osteoma  of  Femur.     (Exostosis  bursata  ) 

Osteomata  vary  greatly  in  shape  and  density  according  to  the  clinical 
varieties  of  osteoma  eburneum,  spongiosum,  etc.  Their  structure  bears  the  same 
relation  to  the  x-ray  as  ordinary  bone. 


Fig.  532. — Medullary  Sarcoma  ok  Humeri's. 


Fig.  533.— Bone-cyst  of  Finger. 


Medullary  giant-cell  sarcoma  originates  in  the  spongy  tissues  or  medulla, 
and  in  its  growth  destroys  the  cortex  from  within  outward.     Encapsulated  in  a 
vol.  v— 74 
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thin  shell  of  dense  new  bone.  Fine  trabecule  may  pass  through  its  substance  from 
wall  to  wall  of  the  capsule.  Adjacent  bone  beyond  capsule  normal.  Myeloma, 
metastatic  hypernephroma,  and  carcinoma  and  simple  bone-cyst  affect  the  inorganic 
bone  in  much  the  same  way  and,  therefore,  may  present  similar  appearances  in 
the  x-ray  picture. 

Sarcoma  of  Bone  Other  than  Medullary.— Remnants  of  the  old  shaft  may 
be  found  in  the  center  of  the  tumor.  In  some  forms,  e.  g.,  in  periosteal  or  ossifying 
sarcoma,  the  bone  is  stimulated  to  grow  and  there  is  a  deposit  of  new  spicules  which 
radiate  from  the  cortex  into  the  tumor.  In  these  cases  the  old  shaft  preserves  its 
normal  contour.1     In  other  forms,  e.  g.,  in  certain  round-cell  types,  there  is  no  new 


Fig.  534. — Periosteal  Sarcoma  of  Lower  End  of  Femur. 

formation  of  lime  salts,  but  the  old  cortex  is  gradually  dissolved.  In  these  cases 
the  x-ray  shows  that  the  density  of  the  shaft  is  diminished  or  there  are  islands  of 
old  bone  remaining  in  the  tumor. 

The  following  example  is  arranged  to  show  the  proper  logical  use 
of  the  x-ray  in  diagnosis: 

Clinical  Case. — A  girl  of  twelve  years  is  lame  and  complaining  of  pain,  but  is 
unable  to  give  a  clear  history.  Examination  shows  that  the  left  lower  leg  is  swollen 
and  tender.     Clinically,  it  is  impossible  to  tell  whether  there  is  a  fracture  present, 

1  In  many  cases  near  the  junction  of  the  healthy  bone  with  the  tumor  there  is 
reactive  new  bone  formation  beneath  the  periosteum.  At  the  edge  of  the  tumor 
this  layer  of  new  bone  ends  abruptly  and  gives  a  characteristic  appearance  in  the 
skiagraph. 
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whether  the  bone  is  affected  at  all  or  only  the  soft  parts,  or  whether  we  are  dealing 
with  syphilis,  tuberculosis,  rickets,  osteomyelitis,  or  new-growth  of  the  bone;  x-rays 
are  taken  and  show  no  indications  of  fracture,  but  they  do  show  that  the  bone  is 
affected  in  the  following  manner: 


e.g. 


or  e.  g.  - 


x-Ray  Findings; 

A  focus  the  size  of  a  pea, 
in  which  the  trabecular 
marking  sare  indistinct 
and  the  walls  of  which 
are  ill  defined,  exists  in 
the  epiphysis  of  the  tibia. 
The  adjacent  soft  parts 
are  thickened  and  the 
bones  of  the  foot  show 
marked  atrophy  and  pen- 
ciled outlines. 


'  Fibula,  joint,  and  epiphysis 
of  tibia  normal.  Great 
thickening  of  shaft  of 
tibia.  A  portion  of  the 
old  cortex,  somewhat 
more  dense  than  the  rest 
and  several  inches  long, 
is  surrounded  by  a  zone 
of  less  dense  tissue,  and 
outside  of  this  new- 
formed  cortical  bone — 
sequestrum. 


Syph. 


Ty.O% 


f  The  cortex  of  the  shaft  of 
the  tibia  is  thickened. 
A  bone  blister  is  present 
on  anterior  surface. 
or  e.  g.  -\  There  is  increase  of  cor- 
tical bone  on  a  limited 
area  of  fibula.  Joint  sur- 
faces and  epiphyses  are 
normal. 


Sep.  Ot 


We  may  Eliminate — 

'  Because  the  epiphysis  is  affected 

instead  of  the  diaphysis,  etc. 
No  cortical   thickening  or  bone 

blister,  etc. 
Focus  is  small   and  wall  is  not 

dense,  etc. 
Epiphyseal  end  of  diaphysis  not 

broadened  or  epiphyseal  zone 

wide,  etc. 
Inflammatory  thickening  in  soft 

parts    and    atrophy    of   other 

bones,  etc. 
Tuberculosis — entirely  consistent 

appearances. 

Because  of  the  presence  of  a 
sequestrum,  etc. 

Because  it  is  usually  only  sub- 
periosteal. No  4 '  bone  blister, " 
etc. 

Septic  osteomyelitis  —  entirely 
consistent  appearances. 

Epiphyseal  end  of  diaphysis  and 
epiphyseal  zone  normal,  etc. 

They  do  not  cause  sequestra,  etc. 

Sequestrum  is  in  cortex,  is  too 
large  and  well  defined,  etc. 

Syphilis — entirely  consistent  ap- 
pearances. 

Not  inconsistent,  but  too  exten- 
sive, etc. 

No  sequestra  or  abscess  and  pres- 
ence of  bone  blister,  etc. 

Epiphyseal  zone  normal,  etc. 

No  new-growth  is  known  to  cause 
similar  appearance,  etc. 
,    Epiphyses  normal  and  shaft  af- 
l      fected,  etc. 


DELETERIOUS  EFFECTS  OF  THE  X-RAY. 

During  the  early  months  of  the  use  of  the  x-ray  it  was  supposed  that 
it  traversed  living  tissue  without  causing  any  effect  whatever  either 
for  good  or  ill.  In  the  spring  of  1896,  however,  reports  appeared  in 
the  medical  journals  of  cases  in  which  a  dermatitis  resembling  a  burn 
followed  within  a  few  days  or  weeks  after  x-ray  exposures.  In  some 
cases  these  '  burns' '  were  so  severe  as  to  amount  to  a  malignant  ulcera- 
tion with  little  tendency  to  heal.  During  1896,  55  such  cases  of 
all  grades  of  severity  were  reported;  12  more  were  reported  in  1897; 
6  in  189S,  and  occasional  cases  since.  Fortunately,  the  medical  press 
published  and  republished  these  early  cases  again  and  again.  One 
journal  copied  the  description  from  another,  so  that  although  the 
number  of  burns  which  had  occurred  was  greatly  exaggerated,  never- 
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theless  they  served  to  spread  the  warning,  and  such  cases  in  a  few  years 
became  very  rare. 

In  1902  I  collected  all  the  cases  which  had  been  reported  up  to 
that  time  and  only  succeeded  in  finding  about  200.  From  a  calcu- 
lation of  the  probable  number  of  exposures  made  during  that  time  it  was 
evident  that  not  one  case  in  10,000  suffered  injury.  With  modern 
methods  the  danger  to  the  patient  is  far  less  than  this  in  diagnostic 
exposures,  since  they  are  made  more  rapidly  and  with  the  tube  at  a 
greater  distance  from  the  skin. 

The  following  extracts  are  from  my  article  published  in  1902: 

"The  injurious  effects  of  the  x-ray  fall  naturally  in  five  classes: 

(a)  Skiagrapher's  dermatitis  occurs  chiefly  on  the  hands  or  faces 

of  x-ray  workers — in  those  who  are  frequently  exposed  to  the  action 

of  the  rays,  in  tube-makers,  experimenters,  exhibitors,  and  professional 


Fig.  535. — Result  of  Chronic  x-Rat  Dermatitis. 

Hand  showing  extreme  degree  of  skiagrapher's  dermatitis*  which  has  led  to  loss  of  nails,  keratoses, 

and  epitheliomata,  requiring  amputation  of  fingers. 

skiagraphers.  It  results  from  repeated  short  exposures,  usually  in  the 
use  of  the  fluoroscope  or  from  demonstration  of  the  bones  of  the  hands 
to  an  audience.  It  is  most  often  of  a  mild  degree,  but  with  continued 
exposure  may  go  on  to  ulceration  and  gangrene  of  the  skin,  even  to 
involvement  of  the  tendon  sheaths  and  joints.  In  the  less  pronounced 
forms  the  skin  appears  chapped  and  roughened  and  the  normal  markings 
are  destroyed;  at  the  knuckles  the  folds  of  skin  are  swollen  and  stiff, 
while  between  there  is  a  peculiar  dotting  resembling  small  capillary 
hemorrhages.  The  nutrition  of  the  nails  is  affected,  so  that  the  longi- 
tudinal striation  becomes  marked  and  the  substance  becomes  brittle. 
If  the  process  is  more  severe  there  is  a  formation  of  blebs,  exfoliation 
of  epidermis,  and  loss  of  the  nails.  In  the  worst  form  the  skin  is 
entirely  destroyed  in  places,  the  nails  do  not  reappear,  and  the 
tendons  and  joints  are  damaged." 

(Since  this  description  was  written  a  number  of  well  authenticated 


PLATE   V. 


Result  of  Chronic  x-Ray  Dermatitis. 
Characteristic  striation  of  finger-nails  and  mottling  of  skin.  A  portion  of  the 
skin  of  the  ring  finger  was  protected  by  a  ring  and,  therefore,  does  not  show  any 
change.  The  other  light  areas  over  the  knuckles  are  the  results  of  skin  grafts  on 
places  from  which  keratoses  have  been  removed.  On  the  index,  ring,  and  little 
fingers  are  seen  small  keratoses.  The  reddish  mottling  is  due  to  loops  of  dilated 
capillaries  which  lie  close  beneath  the  atrophic  skin.  This  condition  is  the  result 
of  exposures  more  than  five  years  ago. 
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cases  have  been  published,  showing  that  epithelioma  may  spontaneously 
develop  in  these  ulcerations  and  in  several  cases  have  required  ampu- 
tation. There  have  also  been  a  few  cases  reported  in  which  the  eyes 
have  been  injured,  but  such  cases  are  extremely  rare.) 

'The  next  three  classes  of  cases  occur  accidentally  in  patients  who 
are  exposed  one  or  several  times  at  short  intervals  for  skiagraphs.  They 
vary  in  intensity  and  may  be  directly  compared  with  burns  of  the  first, 
second,  and  third  degree.  They  are  essentially  the  same  as  the  forms 
occurring  in  skiagraphers  spoken  of  above. 

"(b)  The  mild  cases  are  simply  a  transient  erythema  lasting  perhaps 
a  few  days,  followed  by  an  exfoliation  of  superficial  epidermis.  There 
may  be  hyperesthesia  of  the  skin  and  a  slight  burning  sensation,  but  no 
real  pain.  In  the  hairy  portions  depilation  may  occur  without  inflam- 
matory signs. 

"(c)  In  cases  of  the  second  degree  there  is  a  formation  of  blisters 
following  the  erythema;  these  may  be  serous  or  purulent;  the  condition 
resembles  a  scald,  but  is  slower  in  healing  and  less  acute  in  character. 

"(d)  In  the  worst  cases  the  process,  instead  of  disappearing  in  a  few 
weeks,  seems  to  extend  to  the  deeper  layers  of  the  skin  and  subcutaneous 
tissues.  There  is  a  formation  of  leathery  slough,  surrounded  by  a 
brawny,  indurated  swelling  with  ill-defined  limits.  The  process  is 
exceedingly  slow  and  obstinate  and  possesses  an  almost  malignant  tend- 
ency to  progress.  It  is  very  painful  at  times  and  resists  treatment  in 
a  remarkable  way.  The  reader  is  referred  to  the  case  of  Cassidy  and  to 
the  report  of  Orleman,  which  are  typical  cases  of  this  kind. 

"(e)  The  fifth  group  of  cases  is  composed  of  those  in  which  some 
internal  lesion  is  attributed  to  the  x-ray.  There  have  been  few  such 
cases  recorded,  and  these  have  been  in  such  an  inexact  and  hypothetic 
way,  with  the  exception  of  that  of  Gilchrist,  that  they  seem  to  the  writer 
to  be  undeserving  of  record." 

In  the  light  of  more  recent  observations  the  last  clause  of  this  extract 
needs  modification.  Recently  evidence  has  come  out  which  tends  to 
show  that  the  x-ray  may  have  insidious,  injurious  effects  on  the  internal 
organs  as  well  as  on  the  skin.  Dr.  F.  Tilden  Brown  has  called  attention 
to  the  frequency  of  azoospermia  in  x-ray  wrorkers,  and  Frieben  and 
Bergonie  have  shown  that  by  repeated  x-ray  exposures  it  is  possible  to 
cause  a  suspension  of  function  and  ultimately  partial  atrophy  of  the 
testicles  or  ovaries  of  guinea-pigs  and  rats.  It  is  not  unlikely,  as  pointed 
out  by  Edsall,  that  other  organs  may  be  affected,  especially  the  bone- 
marrow  and  the  kidneys.  The  experiments  of  Rollins,  Allen,  Warthin, 
Heineke,  and  others  tend  to  show  that  the  x-ray  may  have  a  very  power- 
ful and  at  times  selective  action  on  the  different  tissues  of  the  body. 
This  is  evidently  of  especial  importance  in  certain  diseases,  for  ski- 
agraphers in  all  parts  of  the  world  have  reported  the  occurrence  of 
toxemic  symptoms  in  patients  exposed  to  the  x-ray  for  the  treatment 
of  Hodgkin's  disease. 

On  the  other  hand,  in  healthy  patients,  or  even  in  patients  with 
serious  constitutional  disease,  symptoms  following  x-ray  exposures  for 
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diagnostic  purposes  have  been  so  seldom  noted  among  the  millions  of 
exposures  that  have  been  made,  that  it  would  be  folly  to  argue  that  a 
mere  diagnostic  exposure  of  a  few  minutes  is  dangerous.  The  reports 
have  been  so  few  that  for  the  present  they  may  be  regarded  as  mere 
coincidences.  Even  in  the  experiments  by  which  such  deleterious 
effects  in  animals  have  been  produced,  the  exposures  have  had  to  be 
long  and  at  close  range.  Nevertheless,  as  pointed  out  by  Edsall,  it 
is  well  to  have  due  regard  to  the  possibility  of  such  results,  especially 
in  cases  in  which  the  function  of  the  bone-marrow,  spleen,  lymphatic 
glands,  or  kidneys  is  already  abnormal. 

Forsterling  has  shown  that  even  a  single  exposure  of  moderate 
strength  (ten  minutes  at  20  cm.)  produces  a  pronounced  inhibition  to 
development  in  growing  puppies — e.  g.,  the  growth  of  one  leg  could  be 
stunted.  His  experiments  indicate  that  especial  caution  should  be 
used  in  exposing  children  to  the  x-ray  even  for  diagnosis. 

There  is  little  doubt  of  the  frequency  of  sterility  and  azoospermia  in 
skiagraphers,  yet  it  must  require  a  considerable  amount  of  exposure  to 
bring  about  this  result,  for  in  a  number  of  instances  personally  known 
to  the  writer  living  spermatozoa  can  be  demonstrated  in  the  seminal 
fluid  of  individuals  who  some  years  ago  worked  a  great  deal  and  un- 
protected in  the  presence  of  strong  radiation.  In  one  of  these  cases 
there  had  been  an  x-ray  dermatitis  about  the  outer  side  of  one  thigh. 
In  two  other  cases  physicians  who  had  used  the  x-ray  to  a  considerable 
extent  have  since  become  fathers  of  healthy  children. 

While  it  is  true  that  nowadays  danger  to  the  patient  in  diagnostic 
exposures  is  scarcely  to  be  feared,  the  danger  to  the  patient  undergoing 
therapeutic  treatment  by  the  x-ray  is  still  very  great  and  the  danger  to 
the  skiagrapher  is  greatest  of  all.  Aside  from  the  risk  of  depilation,  con- 
junctivitis, dermatitis,  loss  of  finger-nails  and  phalanges,  sterility,  epider- 
moid cancer,  and  nephritis,  there  can  be  little  doubt  that  the  general 
health  and  well  being  may  become  affected  in  time  unless  the  greatest 
precautions  are  taken.  As  a  rule,  eager,  enthusiastic  young  men  who 
in  their  devotion  to  their  work  are  careless  of  their  personal  danger 
from  so  insidious  an  enemy,  take  up  this  occupation.  None  should 
undertake  it  without  due  consideration  of  its  risks. 

The  responsibility  for  selecting  persons  to  do  x-ray  work  and  for  the  use 
of  proper  precautions  in  its  practical  application  rests  with  the  executive 
officers  and  trustees  of  hospitalsy  which  nowadays  set  the  example  for  the 
community  in  such  ynatters. 

The  details  for  the  construction  of  appliance  to  give  adequate  pro- 
tection to  the  patient  and  skiagrapher  would  be  out  of  place  here,  but 
this  general  principle  might  be  insisted  upon.  While  his  apparatus 
is  in  action,  the  skiagrapher  should  stand  in  such  a  position  in  relation 
to  it  that  the  rays  are  entirely  excluded,  as  demonstrated  by  a  photo- 
graphic plate  exposed  for  ten  minutes'  time.  It  is  not  difficult  to 
arrange,  with  the  aid  of  sheet  lead,  lead-glass  plates,  and  mirrors,  a 
screen  which  will  thus  protect  the  operator  and  still  allow  him  to 
observe  the  action  of  his  tube.     The  use  of  the  fluoroscope  should  be 
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abandoned,  except  in  cases  of  great  importance  or  when  protected  with 
the  greatest  care. 

The  protection  of  the  patient  is  more  difficult,  though  not  so  neces- 
sary, since  the  exposures  are  so  short.  A  protection  of  the  parts  of  the 
body  not  necessarily  exposed  by  a  screen  equivalent  to  a  ^inch  of 
sheet  lead  may  be  considered  a  practical  amount  of  precaution. 

BENEFICIAL  EFFECTS  OF  THE  RONTGEN  RAY. 

Not  long  after  it  was  observed  that  the  Rontgen  ray  had  a  harmful 
effect  on  the  tissues,  the  possibility  of  its  having  a  beneficial  effect 
naturally  suggested  itself,  and  its  action  on  all  forms  of  disease  was 
tried.  Such  a  mass  of  literature  has  accumulated  on  this  branch  of  its 
application  that  it  would  be  difficult  to  eview  it  in  a  large  volume,  but 
all  writers  agree  that  it  is  of  more  or  less  value  in  the  treatment  of  certain 
conditions.  At  present  the  therapeutic  use  of  the  x-ray  is  rightly  falling 
into  the  hands  of  the  dermatologist  and  the  medical  clinician.  To 
dermatology  especially  it  has  been  a  great  boon  in  the  treatment  of 
obstinate  diseases  of  the  skin,  such  as  psoriasis,  chronic  eczema,  and 
sycosis.  The  internist  finds  it  a  help  in  certain  cases  of  leukemia,  but, 
owing  to  the  obvious  difficulty  in  using  such  a  powerful  remedy,  is  pro- 
ceeding with  caution. 

There  are  few  diseases  in  which  enough  has  yet  been  accomplished 
to  interest  the  surgeon.  In  lupus,  epithelioma,  keloid,  carcinoma  and 
sarcoma,  both  before  and  after  operation,  exophthalmic  goiter,  tuber- 
culous adenitis,  and  Hodgkin's  disease  its  results  have  been  somewhat 
encouraging. 

Lupus  and  scrofuloderma  may  unquestionably  be  sometimes 
cured,  but  the  improvement  is  uncertain  and  slow — a  matter  of  months 
or  years — and,  therefore,  necessitates  tedious  and  expensive  treatment. 
The  dermatitis  resulting  from  long  treatment  is  likely  to  leave  as  con- 
spicuous a  condition  of  the  skin  as  a  surgical  scar.  Obviously,  in  some 
cases  where  excision  is  impracticable  the  x-ray  may  be  of  great  help. 

Keloid  may  or  may  not  yield  to  the  x-ray.  A  few  exposures  will 
usually  show  improvement  if  any  may  be  expected.  If  prolonged  use 
of  the  x-ray  is  necessary,  surgical  treatment  is  preferable. 

Superficial  epithelioma  and  rodent  ulcer  may  be  cured  by 
the  x-ray  in  many  cases,  but  where  the  subcutaneous  tissue  or  fascia 
is  involved,  cure  is  very  rare,  although  superficial  healing  may  take 
place.  In  treating  these  diseases  both  surgery  and  the  x-ray  are  under- 
taken too  lightly.  The  desire  of  the  dermatologist  or  practitioner  to 
avoid  ugly  scar  formation  leads  him  too  often  to  recommend  caustics, 
curettage,  radium,  the  x-ray,  or  an  inadequate  excision*  It  is  not  infre- 
quent nowadays  to  find  patients  with  these  lesions  who  have  had  both 
repeated  operations  and  repeated  x-ray  treatments.  It  is  altogether 
too  common  in  hospital  work  to  find  epithelioma  being  treated  by 
assistants  in  out-patient  departments  or  inexperienced  surgeons  who 
remove  the  growth  with  too  narrow  a  margin.     While  Rontgen  therapy 
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compares  favorably  with  the  results  of  such  inadequate  excision,  a 
proper  plastic  radical  operation  in  competent  hands  is  preferable  in 
most  instances.  In  inoperable  cases,  in  cases  which  are  not  susceptible 
to  plastic  repair,  in  the  timorous,  in  the  aged,  and  in  the  feeble  the  x-ray 
has  an  undoubted  field  of  usefulness;  in  ordinary  cases  excision  with  a 
wide  margin  is  surer,  quicker,  and  less  expensive. 

Epitheliomata  of  the  mucous  membranes  are  less  susceptible  to 
the  x-ray  than  those  of  the  skin,  and  it  is  unjustifiable  to  waste  time 
with  its  use  if  operation  can  be  considered.  It  is  not  unlikely  that  the 
x-ray  even  stimulates  some  of  these  cases  to  grow  more  rapidly. 

In  spite  of  the  thousands  of  at- 
tempts which  must  have  been  made 
to  cause  the  disappearance  of  car- 
cinoma and  sarcoma  primary  in 


Fro.  536. — Epithbliomata    before    Treat- 
ment.    (W.  A.  Pusey.) 


Fig. 


537. — Same  case  as  Fig.  536,  after  treat- 
ment.    (W.  A.  Pusey.) 


"the  deeper  parts  of  the  body,  so  few  successful  cases  have  been 
reported  that  operation,  where  possible,  must  still  be  preferred.  In 
inoperable  cases  the  x-ray  may  be  used  with  a  little  real  hope,  for  a 
number  of  authentic  cures  have  been  reported.  I  have  seen  a  large 
sarcoma  of  the  clavicular  region  practically  disappear  under  x-ray  treat- 
ment, although  it  reappeared  again  some  months  later.  Similar  cases 
have  been  reported  by  others,  as  Coley,  Pusey,  and  Beck.  Such  results 
have  been  too  few,  however,  to  show  clearly  that  they  are  not  cases  of 
spontaneous  disappearance  or  erroneous  diagnosis. 

The  x-ray  sometimes  affords  a  temporary  relief  in  post-operative 
recurrent  cancer.  Ah  experienced  skiagraphers  have  observed  the 
disappearance  of  nodules  of  recurrent  cancer  in  and  about  scars.  There 
is  some,  but  not  sufficient,  evidence  to  show  that  metastases  in  lymphatic 
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glands  may  disappear  under  its  use.  It  is  probable  that  in  many 
instances  such  shrinkage  in  the  glands  is  due  to  the  subsiding  of  inflam- 
matory conditions.  I  have  observed  the  steady  enlargement  of  metas- 
tases in  the  lymphatic  glands  to  be  coincident  with  the  disappearance 
of  a  large  superficial  recurrent  cancer  in  the  same  subject,  while  both 
lesions  were  under  treatment. 

It  is  meddlesome  to  advise  pre-operative  x-ray  exposure,  and  my 
experience  makes  me  disinclined  to  advise  post-operative  treatment 
for  the  sake  of  mere  prophylaxis.  In  two  cases  in  which  such  an  effort 
was  consistently  and  conscientiously  made,  no  good  was  obtained. 
Where  the  surgeon  is  conscious  that  he  has  not  removed  the  whole 
growth  and  fears  immediate  recurrence,  it  is  rational  to  advise  post- 
operative exposures,  but  where  there  is  a  reasonable  hope  that  the 
disease  has  been  eradicated,  part  of  the  benefit  of  the  operation  is  lost 
by  nagging  the  patient  by  a  treatment  from  which  no  great  good  can 
be  expected  and  which  only  reminds  him  of  his  danger. 

In  exophthalmic  goiter  the  use  of  the  x-ray  has  been  encouraging, 
but,  owing  to  the  fluctuating  character  of  this  disease,  the  reports  of 
success  in  any  form  of  treatment  must  be  especially  favorable  to  be 
convincing.  Reports  of  its  use  in  Hodgkin's  disease  have  been  so 
uniform  that  it  may  be  stated  with  a  fair  degree  of  certainty  that  the 
glandular  enlargements  may  be  made  to  shrink  and  even  disappear, 
but  that  during  this  process  such  a  toxemia  becomes  evident  that  the 
fatal  termination  of  the  case  may  be  hastened. 

In  simple  or  tuberculous  adenitis  a  decidedly  favorable  action 
has  been  reported,  but  this  result  is  not  always  obtained  and  the  treat- 
ment must  be  so  long  continued  in  most  cases  that  the  danger  of  ill 
effects  counterbalances  the  good  obtained. 

In  spite  of  the  fact  that  as  yet  it  must  be  confessed  that  the  x-ray 
has  not  proved  a  great  success  as  a  therapeutic  agent,  one  must  admit 
that  it  is  a  powerful  agent,  and  that,  as  the  knowledge  of  its  administra- 
tion increases,  we  may  look  for  it  to  take  a  more  definite  place  in  the 
treatment  of  disease. 

MISCELLANEOUS  USES. 

In  the  limited  space  in  this  volume  devoted  to  the  x-ray  it  has  seemed 
best  to  speak  mainly  of  the  proved  and  acknowledged  uses  of  this  remark- 
able form  of  energy.  Nevertheless,  surgical  science  also  profits  by  its 
help  in  many  important  contributions  to  other  kindred  branches  of 
medical  science.  For  instance,  it  has  aided  the  advance  of  surgical 
anatomy,  since  the  condition  of  the  bones  can  now  be  studied  more 
easily  in  the  living  than  formerly  in  the  dead.  Such  an  important 
contribution  as  Rohm's  explanation  of  lateral  curvature  has  been 
directly  a  consequence  of  the  use  of  the  x-ray.  In  physiology  it  has 
made  it  possible  for  Cannon  to  describe  the  hitherto  unexplained  move- 
ments of  the  stomach  and  intestines.  His  method  of  using  emulsions 
of  bismuth  has  already  been  utilized  by  Rieder  in  determining  the  loca- 
tion of  strictures  of  the  esophagus,  stomach,  and  intestine  in  man. 
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By  the  same  procedure  diverticula  in  the  bladder  (Wolff)  and  laby- 
rinthine sinuses  about  diseased  joints  (Lovett)  may  be  graphically 
shown. 

On  the  border  line  between  medicine  and  surgery  it  is  of  great  assist- 
ance in  the  diagnosis  of  aneurysm,  mediastinal  tumors,  abscesses  in 
the  lung  and  below  the  diaphragm.  In  pathology  it  is  helping  to  clear 
up  the  confusion  of  classification  in  the  various  forms  of  arthritis,  of 
osteomalacia,  and  of  sarcomata  of  the  bone. 

RADIUM* 

Since  the  discovery  that  Rontgen  rays  could  be  produced  by  labora- 
tory methods  it  has  been  found  that  certain  mineral  substances  possess 
the  property  of  emitting  rays  similar  to,  if  not  identical  with,  the  x-rays. 
The  most  powerful  of  these  substances  are  uranium,  thorium,  polonium, 
radium,  and  their  salts.  These  substances  are  most  interesting  from  a 
physical  point  of  view,  but  as  yet  are  not  of  much  importance  to  the 
surgeon.  Radium  alone  seems  to  have  sufficient  power  to  make  it  of 
value  for  therapeutic  purposes.  At  present  its  price,  if  pure  enough 
to  b 2  of  value,  prohibits  its  general  use,  although  experiments  have 
already  been  undertaken  with  it  to  a  certain  extent.  Abbe  and  others 
report  that  its  effects  on  living  tissues,  whether  normal  or  pathologic, 
are  similar  to  those  of  the  x-ray.  It  is  not  clear  that  it  is  superior  to 
the  x-ray,  except  that  it  is  far  more  convenient  to  use  and  that  it  is 
possible  to  administer  it  much  more  accurately  as  regards  dosage.  It 
is  relatively  useless  for  skiagraphic  work. 

Owing  to  the  disappointments  occasioned  by  the  use  of  impure  and 
weak  radium  salts  which  have  been  put  on  the  market,  the  use  of  radium 
probably  has  not  even  received  the  credit  that  it  deserves  from  con- 
servative members  of  the  profession.  It  is  to  be  hoped  that  those 
who  have  undertaken  to  find  the  way  with  radium  will  make  certain 
of  their  path  before  urging  the  rest  of  the  profession  to  follow. 

Latest  Researches. 

Lately  there  has  been  established  in  Paris  an  Institute  of  Radio- 
Activity  which  is  fortunate  enough  to  have  associated  with  it  Madame 
Curie,  the  discoverer  of  radium,  and  a  number  of  active  medical  men 
who  are  investigating  the  possibilities  of  radio-activity  in  the  treatment 
of  disease.  The  result  of  their  investigations,  especially  in  the  treat- 
ment of  cancer,  have  been  sufficiently  encouraging  to  warrent  the 
establishment  of  a  Radium  Institute  in  London  under  the  patronage 
of  the  King.  Connected  with  it  are  such  well-known  men  as  Sir 
Lauder  Brunton,  Sir  Frederick  Treves,  and  others. 

Those  who  desire  further  information  about  both  these  Institutions 
will  find  it,  perhaps,  best  stated  in  English  up  to  date  (September,  1909) 
bv  referring  to  the  British  Medical  Journal,  vol.  i.,  1909,  pp.  242,  301, 
356,  437,  609,  614,  797,  912  (2  papers),  1131,  1250,  1557,  the  very 
interesting  Croonian  lectures  of  Lazarus-Barlow,  in  the  same  journal 
for  June  19  and  26,  1909,  and  the  important  paper  by  Wickham  in  its 
issue  for  August  21,  1909. 
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At  present,  in  cases  of  malignant  disease,  it  would  be  very  pre- 
mature to  rely  upon  radium  rather  than  upon  complete  surgical 
operation,  but  it  is  not  improbable  that  within  the  next  few  years 
the  exact  status  of* this  wonderful  therapeutic  agent  will  be  given  to 
the  world  by  eminent  scientific  authority. 

BIBLIOGRAPHY. 

REFERENCES  IN  TEXT. 

Albere-Schdnberg:  Munch,  med.  Woch.,  October  27,  1903. 

Abbe,  Robert:    Med.    Rec,   December   31,    1904.     Jour.    Amer.    Med.   Assoc.. 

July  21,  1906,  183. 
Allen,  Seabury  W. :   Effects  of  ar-Ray  on  Living  Tissue,  Jour,  of  Med.  Research, 

1903,  iv.,  p.  462. 
American  Surg.  Assoc.,  Transactions  of  1900. 

Bergonie,  J.:  Compt.  rend.  Soc.  de  Biol.,  1905,  lviii.,  154-158;  also  678-680. 
Bohm,  M.:    Boston  Med.  and  Surg.  Jour.,  civ.,  No.  21,  pp.  598-611,  November 

22,  1906. 
Brown,  F.  Tilden:    Amer.  Jour.  Surg.,  April,  1905. 
Cannon:  Jour.  Amer.  Med.  Assoc,  1903,  xl.,  pp.  749-753. 
Cassidy,  P.:    Med.  Rec.,  1900,  lvii.,  p.  180. 
Codman,  E.  A.:   Phila.  Med.  Jour.,  March  8,  1902. 
Coley,  W.  B.:  Annals  of  Surgery,  1905,  xlii.,  pp.  161-184. 
Cotton,  F.  J.:    Boston  Med.  and  Surg.  Jour.,  cliii.,  p.  109. 
Dock:  American  Medicine,  1904,  viii.,  1083. 
Edsall,  D.  L.:    Jour.  Amer.  Med.  Assoc,  1906,  xlvii.,  p.  1425,  9. 
Fdrsterling,  K.:   Zeit.  f.  Chir.,  No.  19,  p.  521. 
Frieben:  Munch,  med.  Woch.,  1903,  Hi.,  p.  2295. 
Heineke:   Munch,  med.  Woch.,  May  13,  1904. 
Hoffa:   Berl.  Win.  Woch.,  1906,  xliii.,  pp.  940-945. 

Krause,  P.:  Fort.  a.  d.  Gebiete  der  Rontgen-strahlen,  Bd.  viii.,  S.  383  (leukemia). 
Leonard,  C.  L. :  American  Medicine,  June  4,  1904. 
Orleman,  Daisy  M.:    N.  Y.  Med.  Rec,  July  1,  1899,  p.  8. 
Osgood,  R.  B. :    Amer.  Jour.  Orthoped.   Surg.,   Philadelphia,    1904-05,  ii.,   pp. 

390-415. 
Rieder,  H.:   Fort.  a.  d.  Gebiete  der  R&ntgen-strahlen,  Bd.  x.,  H.  4,  S.  207,  and 

Bd.  viii.,  S.  141. 
Rollins,  Win.:   Boston  Med.  and  Surg.  Jour.,  February  14,  1901. 
Rontgen,  W.  C:     Sitz-bericht  Wurzburger  phys.-med.,  Gesellschaft,    December, 

1895.     (Translation  in  Appendix  I.  of  Walsh's  text-books.) 
Sudeck,  P.:    Arch.  f.  klin.  Chir.,  Bd.  lxii.,  p.  147. 
Sweet,  W.  M.:    Jour.  Amer.  Med.  Assoc,  1906,  xlii.,  pp.  770-775. 
Warthin:  Internat.  Clin.,  Philadelphia,  1906,  15  S.,  iv.,  pp.  243-277. 
Wolff,  P.:  Fort,  der  Rontgen-strahlen,  Bd.  viii.,  S.  173. 

SPECIAL  BOOKS. 

1.  Albers-Schonberg:  Die  ROntgentechnik,  Hamburg. 

2.  Allen,  C.  W.:   Radiotherapy  and  Phototherapy,  1904. 

3.  Belot:   Radiotherapy  in  Skin  Disease. 

4.  Bouchard:    Trait6  de  Radiologie  Medical,  Paris. 

5.  Freund:    Elements  of  General  Radiotherapy,  1904. 

6.  Grashey,  Rudolf:  Atlas  of  Normal  r-Ray  Anatomy,  1905. 

7.  Hoffa  and  Rauenbusch:    Atlas  of  Orthopedie  in  Rontgen  Pictures. 

8.  Pusey  and  ('aid well:   The  Practical  Application  of  the  R&ntgen  Rays. 

9.  Walsh:  The  Rontgen  Rays  in  Medical  Work,  London,  1902. 

SPECIAL  JOURNALS. 

(a)  Archives  of  the  R6ntgen  Ray,  London. 

(b)  Fortschritte  aus  dem  Gebiete  der  Rontgen-strahlen,  Hamburg. 

(c)  Practitioner,  London,  1906.     (Extra  number  for  x-ray.) 


CHAPTER  LXXXIV. 
THE  LEGAL  RELATIONS  OF  THE  SURGEON. 

By  Hampton  L.  Carson,  Esq., 

Or   THE    PHILADELPHIA    BAR. 


THE  SURGEON  AS  A  WITNESS. 

As  Ordinary  Witness. — The  primary  meaning  of  the  word 
"witness"  is  "one  who  sees  or  knows  personally."1  The  surgeon  may 
at  any  time  be  summoned,  under  subpoena,  as  an  ordinary  witness, 
for  the  ordinary  fees,  to  speak  of  facts  actually  within  his  own  personal 
knowledge  and  observation,  based  on  his  own  senses;  he  must  not  tell 
what  others  have  seen  or  heard  or  told  him. 

His  Attendance  in  Court  is  Compulsory. — If  acquainted  with  a 
case  through  attendance  or  observation,  professional  or  casual,  he  may 
be  required,  in  civil  or  criminal  proceedings,  to  tell  what  he  has  seen  or 
heard,  subject  only  to  the  privileges  hereinafter  mentioned.  He  is  not 
bound  to  attend,  to  operate,  or  to  consult,  but  if  he  does  so,  or  if  he  be 
but  an  accidental  witness,  he  cannot  withhold  his  knowledge  of  the 
facts  when  under  subpana  in  a  judicial  investigation.2  Disobedience 
may  mean  attachment  for  contempt  of  court  and  the  imposition  of  a 
fine. 

Original  Notes. — The  predicament  of  a  witness  depends  upon  the 
chances  of  life.  The  first  hour  of  his  practice  or  his  busiest  employ- 
ments may  hear  the  call.  Hence,  he  should  be  prepared  to  testify 
fully  and  accurately.  As  to  facts:  he  should  be  clear  as  to  dates,  times, 
distances,  size,  measurement  of  objects,  direction,  depth  and  character 
of  wounds,  fractures,  etc.  He  should  not  confuse  facts  and  opinions. 
His  statement  should  be  methodical,  chronological,  and  complete  in 
detail,  based  upon  an  orderly  and  methodical  inspection  and  examina- 
tion. Virchow  dwells  upon  and  prescribes  an  order.3  He  should 
cultivate  the  faculty  of  minute  detailed  observation,  and  form  the  habit  of 
making  accurate  and  full  notes  at  the  time,  or  at  the  earliest  moment  after- 
ward, so  as  not  to  suffer  from  indistinctness  of  memory.  These  notes,  no 
matter  how  rough,  should  be  preserved  as  originally  made,  unchanged  and 
without  later  additions.  Full,  or  even  scrappy,  memoranda  made  at 
the  time,  or  so  soon  thereafter  as  is  practicable,  are  of  real  value. 
Their  function  is  to  refresh  the  memory,4  even  if  made  by  an  assistant, 
under  the  conditions  stated.  If  the  witness,  though  believing  in  their 
accuracy,  cannot  recall  what  they  refer  to,  or  has  no  recollection  outside 
of  them,  they  cannot  be  received  or  read  aloud  as  a  substitute  for 
testimony. 
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Notes  should  be  accurate  in  day,  hour,  place,  circumstances;  sur- 
rounding conditions,  disturbed  or  otherwise;  the  absence  or  presence  of 
persons;  the  results  of  inspection,  both  external  and  internal;  corporal 
effects  and  symptoms;  the  absence  of  usual  symptoms;  the  presence 
of  the  abnormal;  measurements  of  wounds,  depth,  direction,  and  char- 
acter; the  signs  of  hemorrhage;  the  indications  of  violence,  self-imposed 
or  otherwise;  the  relations  of  weapons  to  a  body,  proximity,  caliber,  or 
direction;  signs  of  the  operation  of  a  drug,  poison,  or  disease;  the 
character,  size,  and  appearance  of  fractures,  and  all  means  resorted  to 
in  their  reduction,  adjustment,  and  treatment,  and  their  results,  with 
particularity.  If  the  scene  be  one  of  possible  crime,  a  rough  sketch  may 
be  added.  Destruction  or  loss  of  original  notes  casts  suspicion  upon 
testimony  and  upon  "  copies, "  which  may  have  been  added  to  or 
" written  up."     Neatness  is  no  substitute  for  authenticity. 

The  accurate  observations  of  Sir  Astley  Cooper,  as  noted,  led  to  the 
conviction  of  a  left-handed  murderer;  and  Koch's  analytic  and  orderly 
testimony  in  the  Speichert  poisoning  case  convicted  the  prisoner. 

Dying  Declarations  (Ante-mortem  Statement). — Surgeons,  as  well  as 
laymen,  may  be  called  to  testify  to  what  they  heard  a  dying  man 
declare:3  (a)  Death  must  actually  ensue  and  be  that  of  the  declarant. 
(6)  There  must  be  consciousness  of  the  certainty  of  death  and  no  hope 
of  recovery  on  the  part  of  the  patient,  (c)  The  actual  period  of  sur- 
vival after  the  declaration  is  immaterial.  The  expectation  of  death  at 
the  time  of  the  declaration,  the  pressure  of  impending  doom,  gives  the 
declaration  its  solemnity,  (d)  The  declaration  should  be  noted  in  the 
exact  words  of  the  declarant;  do  not  paraphrase;  if  circumstances  permit , 
write  out  the  declaration;  have  it  signed  by  declarant  or  attested  by 
witnesses  present.  Call  in  a  notary  or  a  magistrate  to  swear  declarant. 
If  impossible,  reduce  the  declaration  to  writing  at  the  earliest  practicable 
moment. 

Manner  of  Testifying. — Conduct  yourself  with  patience,  dignity, 
courage,  and  self-possession.  With  the  consequences  of  testimony 
you  have  nothing  to  do:  that  is  for  the  judge  and  jury.  State  facts 
exactly  as  you  saw  or  found  them.  Discard  opinions,  hearsay,  and 
conjectures.  Repress  partisanship  or  sympathy.  Give  strict  attention 
to  the  questions  put,  answer  responsively,  and  within  the  limits  of  the 
question.  Beware  of  double-barreled  questions.  If  unintelligible,  or 
containing  confusing  elements,  risk  no  answer  which  may  be  misunder- 
stood or  misapplied.  Either  state  an  inability  to  answer  the  question 
as  put,  or,  if  forced  to  a  precise  answer  in  form,  add  the  necessary 
qualification  or  explanation.  Avoid  argument  or  disputation;  be  plain 
of  speech;  avoid  technical  terms,  or,  if  their  use  be  necessary,  translate 
them  into  intelligible  terms.  Do  not  call  a  "blood  clot"  "an  apoplectic 
extravasation."  Neither  judges  nor  jurors  are  medical  men.  Be 
simple,  straightforward,  and  direct.  Keep  your  temper  under  galling 
fire.  If  objection  be  made  by  counsel,  never  answer  until  the  court  has 
overruled  the  objection.  The  cross-examination  will  involve  tests  of 
observation,  memory,  and  bias. 
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Privileged  Communications. — For  centuries  surgeons  had  no  privi- 
leges as  to  disclosures  made  to  them  by  their  patients,  or  as  to  facts 
learned  by  them  while  in  attendance,  or  as  to  symptoms  or  scars  of  a 
secret  nature  observed  by  them.  At  present,  in  New  York,  a  statute 
forbids  the  disclosure  by  the  surgeon  of  "any  information  which  he  has 
acquired  in  attending  a  patient  in  a  professional  capacity,  and  which  was 
necessary  ty}  enable  him  to  act  in  that  capacity."  In  Pennsylvania 
"no  person  authorized  to  practice  physic  or  surgery  shall  be  allowed, 
in  any  civil  case,  to  disclose  information  which  he  acquired  in  attending 
a  patient  in  a  professional  capacity,  and  which  was  necessary  to  enable 
him  to  act  in  that  capacity,  and  which  shall  tend  to  blacken  the  char- 
acter of  the  patient,  without  his  consent."  Most  of  the  States  have 
statutes  similar  in  substance,  but  varying  in  phraseology.  In  other 
States,  notably  in  Massachusetts,  the  common  law  rule  prevails  that 
communications  from  patients  are  not  privileged.9  As  distinctions 
exist  between  civil  and  criminal  proceedings;  as  murder,  abortion,  and 
other  crimes  involve  public  interests;  as  the  relation  of  patient  and 
surgeon  may  be  open  to  legal  construction;  as  the  character  of  the 
knowledge  and  the  manner  of  its  acquisition  may  be  open  to  dispute; 
and,  further,  as  the  cases  may  vary  as  to  whether  they  affect  character, 
contracts,  matrimonial  engagements,  insurance,  or  accident  law, 
insanity,  testamentary  capacity,  or  malpractice,  it  would  be  unsafe  to 
attempt  the  statement  of  a  general  rule  as  to  the  extent  of  privilege. 
The  safest  course  in  all  cases,  in  all  jurisdictions,  is  for  the  surgeon, 
when  checked  by  his  ethical  sense,  before  answering  any  question  touching 
privilege,  to  appeal  to  the  court  to  decide  whether  the  question  shall  be 
answered.  Counsel  will  be  quick  to  argue.  If  the  judge  rules  that  it 
must  be  answered,  the  responsibility  for  the  disclosure  is  upon  him.7 

Four  points  must  be  borne  in  mind:  (a)  In  no  State  does  the 
privilege  protect  consultations  for  the  purpose  of  committing  an  act 
forbidden  by  law.  Infanticide,  abortion,  abandonment  of  infants, 
baby-farming,  conspiracies  to  commit  crime  or  to  defame,  attempts 
at  suicide  or  invitations  to  euthanasia,  and  other  crimes,  are  all  outside 
the  pale.8  (b)  Confessions  of  past  crimes,  conditions  existing  subse- 
quent to  criminal  acts,  and  the  fact  of  the  possession  of  suitable  instru- 
ments for  the  commission  of  crime  are  not  privileged,  (c)  In  no  juris- 
diction does  the  privilege  belong  to  the  surgeon.  It  is  the  privilege  of 
the  patient,  and  may  be  waived  by  him.  If  waived,  the  surgeon  may 
and  must  testify  fully.  What  amounts  to  a  waiver,  express  or  implied, 
is  a  question  for  the  court,  (d)  The  admissibility  of  any  evidence  or 
of  any  question  or  answer  is  always  for  the  court. 

As  Expert  Witness. — The  secondary  meaning  of  the  word  "wit- 
ness" is  "one  who  gives  testimony  or  evidence."  From  necessity,  in 
matters  beyond  common  knowledge,  an  opinion  may  be  requested  of 
one,  fitted  by  special  experience  and  by  scientific  training,  to  aid  a 
court  and  jury  in  reaching  a  result,  based  on  his  general  knowledge  and 
experience,  or  upon  the  significance  of  facts  testified  to  by  others,  the 
truth  of  which  he  is  asked  to  assume.     The  basis  of  the  opinion  must  be 
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found  in  the  hypothetical  question.  Where  personal  observation  is  had, 
hypothetical  presentation  is  unnecessary;  where  personal  observation  is 
lacking,  hypothetical  presentation  must  be  resorted  to  for  the  premises 
to  support  the  conclusion.  Only  skilled  witnesses  may  be  asked  hypo- 
thetical questions.  As  the  witness  is  invited  to  draw  a  conclusion,  the 
premises  must  be  considered.  If  the  premises  fail,  the  conclusion  must 
be  disregarded.  If  the  premises  are  insufficient,  the  conclusion  should 
not  be  hazarded.  Be  careful  that  the  hypothetical  question  states  all 
the  facts  necessary  to  support  the  opinion.  Do  not  let  the  answer  topple 
for  want  of  support.  Give  the  closest  attention  to  the  facts  which  you 
are  asked  to  assume  as  true  before  stating  a  conclusion.  Here  the 
province  of  the  expert  ends.  With  the  effect  upon  the  case,  or  with  the 
final  result,  he  has  nothing  to  do.  If  the  verdict  is  adverse  to  the  side 
which  calls  him,  he  should  feel  no  chagrin,  for  if  the  facts  assumed  are 
not  found  by  the  jury,  the  conclusion  necessarily  falls.  This  is  no 
impeachment  of  the  expert,  who  is  not  responsible  for  the  facts,  nor 
should  he  usurp  the  functions  of  the  jury  or  make  himself  a  partisan. 
The  form  and  scope  of  the  question  and  the  data  assumed  under  the 
evidence  already  presented  must  be  passed  on  by  the  court.  The 
important  point  to  be  observed  by  the  expert  is  whether  the  premises  as 
stated  are  sufficient  to  justify  his  conclusion.  The  cross-examination  will 
soon  put  him  to  the  test.  Never  hazard  an  opinion  without  preparation. 
Read  the  authorities.  Be  familiar  with  the  opinions  held  and  expressed 
by  them  and  the  grounds  on  which  they  rest.  If  your  own  experience 
leads  you  to  different  results,  say  so,  but  do  not  ridicule  authority. 
Remember  that  the  authorities  will  be  thrust  at  you  on  cross-examination. 

The  Skill  Required  of  an  Expert. — Experts  are  the  severest 
critics  of  each  other,  and  they  chafe  under  the  willingness  of  the  courts 
to  hear  men  of  moderate  rank.  The  expert  is  not  called  on  to  decide  the 
point  at  issue ,  nor  to  give  an  opinion  as  to  the  merits  of  the  case;  he  is 
called  to  aid  a  legal  tribunal.  Where  there  are  so  many  grades  of 
knowledge,  the  only  safe  rule  is  to  ascertain  the  extent  of  the  witness* 
qualifications  and  within  their  range  to  permit  him  to  speak.9  Cross- 
examination  and  the  corrective  testimony  of  others  will  test  his  value. 
Specialists  are  in  most  communities  few  and  far  between.  It  is  only  in 
large  cities  that  they  are  readily  had.  Hence  the  ordinary  practitioner 
is  received  in  all  matters  as  to  which  a  regular  surgical  training  neces- 
sarily involves  some  general  knowledge.  Whether  the  witness  is 
sufficiently  qualified  is  for  the  discretion  of  the  judge,  and  before 
permitting  an  expert  to  testify,  he  may  examine  him  or  hear  evidence 
to  satisfy  himself  that  he  is  what  he  assumes  to  be.  A  decision  that  a 
professional  nurse  who  had  nursed  in  20  or  30  cases  of  bone  felon,  but 
who  was  not  a  student  of  surgery,  was  not  competent  to  speak  as  to 
whether  a  felon  was  cut  to  the  bone,  has  been  criticized  severely  as 
unwise  interference  with  the  discretion  of  a  trial  court.10 

An  expert  may  be  qualified — (a)  by  special  and  peculiar  experience, 
i.  e.,  more  than  common  experience  in  the  matter;  (b)  by  practical 
experience  obtained  casually,  but  steadily  and  adequately  in  the  course 
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of  practice;  (c)  by  scientific  training  directed  to  the  acquisition  of  a 
knowledge  of  a  branch  of  science;  (d)  while  claiming  superior  and  special 
knowledge,  he  is  not  presumed  to  know  everything;  but  he  ought  to  be 
fully  acquainted  with  the  latest  and  most  exact  knowledge  of  the 
scientific  matters  of  which  Jie  testifies.11 

Demeanor  of  Expert. — Attend  to  the  premises;  think  deliberately; 
reach  conclusions  cautiously;  state  opinions  honestly;  avoid  dogmatism; 
avoid  partisanship;  do  not  sit  at  the  elbow  of  counsel  to  suggest  the 
line  of  cross-examination  of  an  expert  on  the  other  side.  A  surgical 
coach  should  not  take  the  witness-stand,  or,  if  he  has  been  on  the  stand 
as  a  witness,  he  should  not  remain  to  defend  himself.  Much  of  the 
discredit  attaching  to  the  well-known  "war  of  experts''  is  due  to  this 
practice.  When  surgeons  become  the  active  allies  of  counsel,  their 
credit  with  the  jury  is  seriously  if  not  wholly  impaired. 

Cross-examination  of  Expert. — The  expert  will  be  asked  to  analyze 
his  conclusions;  to  restate  his  premises;  to  admit  that  if  the  premises 
vary  the  conclusion  will  be  different;  and  he  will  be  asked,  upon  the 
assumption  of  a  different  state  of  facts  (usually,  though  not  necessarily, 
those  contended  for  by  the  cross-examiner  as  being  the  true  facts  made 
by  the  evidence  or  about  to  be  presented  in  evidence) ,  to  state  a  con- 
clusion inconsistent  with  the  views  expressed  in  chief. 

Books. — The  expert's  conclusions  may  be  based  in  part  on  books 
which  he  has  studied,  but  it  is  established  that  he  cannot  quote  opinions 
from  professional  books,  however  standard  the  authority,  in  support 
of  his  owrn  view,  the  reason  being  that  the  authors  did  not  write  under 
oath,  and  their  grounds  of  belief  and  processes  of  reasoning  cannot  be 
tested  by  cross-examination.12  Besides,  the  application  of  the  text  to 
the  case  in  hand  may  be  disputable.  On  cross-examination,  an  expert 
may  be  asked  if  he  recognizes  a  certain  author  as  a  standard,  and  a 
quotation  may  be  called  to  his  attention  which  appears  to  contradict 
him.  As  a  precaution,  ask  to  see  the  book,  to  insure  accuracy  of 
quotation  and  the  limitations  of  the  context.  Law  cases  differ  as 
strangely  as  surgical  cases,  and  the  use  of  books  must  be  left  to  the 
discretion  of  the  trial  judge.  A  charlatan  is  sometimes  trapped  by 
avowing  knowledge  of  the  works  of  a  fictitious  author. 

Fees  of  Experts. — The  term  "fee"  has  been  much  misunderstood. 
It  does  not  mean  adequate  compensation  for  service  rendered,  but  the 
statutory  per  diem  allowance  payable  to  all  witnesses,  such  an  item  of 
u costs"  as  may  be  taxed  against  the  losing  party.  After  much  argu- 
ment the  stronger  opinion,  based  upon  the  weight  of  legal  authority, 
is  that  in  the  absence  of  a  statute  allowing  additional  compensation  to 
experts  an  expert  is  not  entitled  to  demand  additional  compensation,  other 
than  the  ordinary  witness  fees,  before  giving  testimony  upon  the  stand.13 
The  reader  cannot  safely  rely  upon  the  text  of  many  writers.  The  equity 
seems  strong  in  favor  of  the  surgeon,  but  the  common  law  makes  no 
distinction  as  to  witnesses.  Every  man,  no  matter  what  his  calling, 
owes  a  duty  to  the  administration  of  justice.  A  statute  alone  can 
change  this,  and  but  few  States  have  statutes  on  this  point,  and  these 
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are  inadequate.  Time  is  as  important  and  knowledge  as  valuable  to 
the  laborer,  the  banker,  the  lawyer,  the  manufacturer,  the  actuary, 
the  boiler-maker,  or  the  engineer,  if  called  as  an  expert,  and  none  of 
these  are  favored.14 

Dealing  with  the  law  as  it  is,  the  surgeon  called  as  an  expert  must 
obey  the  subpana  and  answer  the  questions  put  to  him.  He  is  not 
obliged,  however,  to  examine  the  case  or  reflect  upon  it,  or  to  give  more  than 
an  offhand  opinion;  nor  can  he  be  required  to  attend  the  trial  so  as  to 
qualify  himself,  by  listening  to  the  testimony ,  to  give  a  deliberate  opinion 
as  an  expert;  nor  can  he  be  required  to  make  any  examination  or  preliminary 
preparation.1*    He  can  state  his  position  to  the  judge. 

The  practical  result  is  more  satisfactory  than  any  change  in  the  law 
could  make  it.  As  parties  to  a  cause,  if  wise,  intrust  to  counsel  the 
adequate  preparation  of  a  case,  no  prudent  counsel  will  subpoena 
reluctant  or  unprepared  witnesses  as  experts.  There  is  entire  freedom 
then  for  the  expert  to  arrange  by  contract  in  advance  for  his  compensation. 
This  is  not  a  "  fee."  It  is  a  contract,  and  can  be  sued  upon,  if  reasonable 
in  amount  and  free  from  the  taint  of  contingency  upon  the  result  of 
the  suit  in  which  the  surgeon  was  called  as  a  witness.  If  the  agree- 
ment be  for  an  indefinite  amount  and  suit  be  brought,  the  recovery 
will  depend  upon  what  a  jury  may  consider  reasonable  under  the  cir- 
cumstances. 

Sometimes  the  surgeon  called  as  an  ordinary  witness  may  be  ques- 
tioned as  an  expert.  He  can  protect  himself  by  declining  to  answer  in 
that  capacity,  on  the  ground  that  he  is  not  prepared  to  express  such  an 
opinion,  or  he  may  appeal  to  the  court  on  the  ground  that  he  has  not 
been  summoned  as  an  expert,  and  that  he  prefers  not  to  answer  until 
he  has  been  properly  protected  by  a  contract  with  the  party  calling 
him.  The  law  will  differ  in  various  States.  The  prudent  course  would 
be  in  all  cases  to  consult  counsel  in  advance  as  to  the  attitude  to  be  taken. 
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MALPRACTICE, 

A  suit  for  malpractice  is  dreaded  by  the  surgeon.  It  means  bad 
practice,  either  of  commission  or  omission;  unskilful  treatment,  resulting 
in  permanent  or  temporary  injury  to  the  patient;  practice  contrary  to 
established  rules,  either  of  method  or  precaution;  recklessness,  careless- 
ness.1 

Negligence. — The  legal  responsibilities  of  surgeons  are  determined 
by  a  law  applicable  to  every  skilled  profession:  every  man  must  exercise 
diligence  and  care  in  the  practice  of  his  craft.  He  must  have  knowledge 
fit  for  the  occasion,  and  must  bring  that  knowledge  to  bear  upon  the  case 
in  his  hands.  Not  only  must  he  be  possessed  of  skill,  but  he  must  exert  iL 
An  ignoramus  attempting  an  operation  beyond  his  skill,  and  the  most 
learned  and  skilful  operator  failing  to  exercise  his  knowledge,  skill, 
judgment,  and  care,  are  alike  negligent.  A  bungler,  using  improper 
instruments  or  those  which  he  cannot  handle,  or  accepting  an  assistant 
whom  he  ought  to  reject;  the  operator  who  selects  or  accepts  an  un- 
skilled anesthetist,  or  the  operator  who,  with  knowledge  of  his  own 
lack  of  skill,  administers  an  anesthetic;  a  brilliant  but  hasty  operator 
cutting  off  the  wrong  finger;  the  man  with  unclean  hands,  or  who  fails  to 
guard  against  contagion;  the  intoxicated  man;  the  man  who  accepts 
unsterilized  instruments;  who  laughs  at  approved  methods  and  reck- 
lessly experiments;  the  man  who  considers  convenience  and  opportunity 
as  equivalent  to  emergency  and  danger;  who  assumes  consent  to  a  major 
operation,  or  who  transcends  the  limits  of  express  authority;  who  fails  to 
discover  what  could  have  been  discovered  as  to  conditions;  who  violates 
the  rules  as  to  extension  and  counter-extension ;  who  omits  to  instruct 
nurse  and  patient  as  to  their  conduct  and  care;  who  abandons  a  case 
without  notice  or  suitable  provision  for  a  substitute;  the  man  who 
makes  no  notes  or  imperfect  notes,  but  trusts  to  memory;  in  short,  the 
man  who  is  careless,  reckless,  or  unskilful;  these  are  the  men  who  invite 
verdicts  for  damages. 

On  the  other  hand,  the  earnest,  diligent,  well-read,  scientific  surgeon, 
who  has  a  library  and  reads  his  journals,  who  uses  instruments  of 
precision,  who  observes  approved  methods;  the  "good,"  "reliable" 
surgeon,  who  knows  how  to  reduce  dislocations,  adjust  fractures,  tie 
arteries  and  treat  wounds,  to  supervise  the  use  of  anesthetics,  and  to 
prescribe  or  conduct  the  after-treatment,  who,  after  a  careful  examina- 
tion, uses  his  best  judgment  and  skill  in  operating,  who  is  exacting  as 
to  prior  assent,  and  who  instructs  nurse  and  patient  as  to  conduct, 
while  not  immune,  has  little  to  dread  in  the  courts. 

Negligence  consists  in  not  doing  the  thing  which  ought  to  be  done, 
or  in  doing  that  which  ought  not  to  be  done:2  in  doing  some  act  which 
a  cautious  and  prudent  man  would  not  do,  or  in  neglecting  some  act 
which  a  cautious  and  prudent  man  would  not  neglect:3  in  doing  or 
omitting  to  do  something  which  a  surgeon  of  ordinary  prudence  and 
care  would  not  have  done,  or  would  not  have  omitted  to  do,  under 
like  or  similar  circumstances.*  The  duty  is  dictated  and  measured  by 
the  occasion.5    The  degree  of  care  must  be  in  proportion  to  the  known 
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apparent  danger  of  the  situation.6  This  does  not  mean  that  a  slight 
case  may  be  neglected.  Negligence  is  the  breach  or  omission,  the 
non-performance  or  the  inadequate  performance  of  a  legal  duty.1 

What  the  Surgeon  Undertakes.— General  Standard  of  Require- 
ments.— A  surgeon  in  practice  invites  the  public  to  employ  him,  and 
impliedly  promises  that  he  possesses  the  requisite  knowledge  and  skill 
and  that  he  will  use  his  best  skill  and  judgment  in  treatment  and  sub- 
sequent care.  He  must  have  both  knowledge  and  skill,  and  he  must 
apply  them.     He  is  liable  for  want  of  skill  and  for  failure  to  use  it.8 

He  must  possess  and  exercise  such  reasonable  skill  and  diligence  as 
are  ordinarily  possessed  and  exercised  in  his  profession,  and  regard 
must  be  had  to  the  advanced  stale  of  the  profession  at  the  time.9  He  must 
employ  such  skill  and  diligence  as  are  ordinarily  exercised  in  his  pro- 
fession by  thoroughly  educated  surgeons.10  He  does  not  stipulate  for  the 
highest  degree  of  skill,  or  that  he  is  the  equal  of  the  renowned  in  the 
profession,  but  he  must  use  the  ordinary  skill  and  care  of  the  pro- 
fession.11 If  he  knows  himself  to  be  incompetent  to  treat  the  case, 
he  should  recommend  another  surgeon.  If  he  knows  that  he  is  com- 
petent, but  is  uncertain  as  to  the  nature  or  extent  of  the  injury,  he 
must  use  his  best  judgment  as  to  consultation.12  In  many  cases  care 
and  skill  are  involved  as  much  in  the  selection  of  the  point  of  amputation 
as  in  the  manner  of  performance.13  If  he  attempts  an  operation  as  a 
specialist,  as  upon  the  eye,  ear,  or  abdomen,  he  must  have  that  degree 
of  skill  and  knowledge  which  is  ordinarily  possessed  by  those  who  have 
made  such  operations  a  specialty,  and  he  must  exercise  his  best  judgment 
in  the  application  of  his  skill,  and  use  ordinary  care  in  the  performance 
of  the  operation.14 

Ordinary  Skill.— What  is  meant  by  "ordinary,"  "proper," 
"reasonable"  skill  and  care  has  been  much  discussed.  Although  a 
protest  against  a  too  high  standard  is  to  be  found  in  an  Iowa  case,16 
where  it  was  said  "the  average  reasonable  skill  and  diligence  exercised 
by  the  profession  as  a  whole"  is  the  true  measure,  yet  this  has  been 
denounced  as  an  impracticable  average.  The  true  rule  is  that  while 
not  requiring  the  highest  degree  of  skill,  the  law  does  require  such  skill 
as  will  bring  proper  and  judicious  treatment  to  the  c^se.,tt  Diligence, 
skill,  and  attention  must  be  adequate  to  the  performance  of  the  under- 
taking; it  is  his  own  fault  if  he  undertakes  without  sufficient  skill,  or 
applies  less  than  the  occasion  requires.17  The  average  is  not  to  be 
struck  by  considering  the  uneducated,  occasional,  or  officious.  It 
must  be  the  ordinary  skill,  learning,  and  experience  of  the  profession 
generally,18  tested  by  the  consensus  of  surgical  opinion  as  to  what  is 
proper  under  the  circumstances,  and,  if  disputed,  must  be  established 
by  witnesses  of  skill  and  experience  as  surgeons. Ip 

Location  to  be  Considered. — Country  practitioners  are  not  held 
to  the  degree  of  skill  required  of  those  having  extensive  city  or  hospital 
practice;  but  they  must  have  the  average  skill  and  ability  ordinarily 
possessed  by  surgeons  in  similar  localities.™  Hut  this  does  not  mean  in 
a  particular  locality,  where  there  might  be  but  few,21  and  in  an  age  of 
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surgical  periodicals,  improvements  in  instruments,  and  the  use  of 
antiseptics,  they  must  keep  pace  with  professional  advancement.22 
Gratuitous  service  does  not  absolve  from  the  duty  to  exercise  reasonable 
and  ordinary  care,  skill,  and  diligence.23  The  law  guards  alike  charity 
patients  and  pay  patients. 

Additional  Undertakings.— (a)  Must  Obtain  Consent  to  Operation. 
— This  has  become  of  importance.  In  an  early  Massachusetts  case,24  where 
a  cancer  was  removed,  it  was  held  that  a  surgeon  is  presumed  to  have 
authority  to  do  all  such  acts  as  are  in  his  opinion  necessary,  without 
notifying  the  husband  of  an  intended  operation  or  showing  that  the 
operation  was  necessary,  or  that  it  would  be  dangerous  to  wait,  and  so 
in  an  English  case25  Mr.  Justice  Hawkins  charged  a  jury  that  there  was 
tacit  consent  by  the  patient  to  a  major  operation,  where,  in  the  face  of 
directions  from  the  patient  as  to  the  removal  of  ovaries,  the  surgeon 
said,  "you  must  leave  that  to  me."  This  doctrine  was  justly  criticized, 
for  it  is  one  thing  for  a  surgeon  to  refuse  to  operate  unless  unlimited 
discretion  be  confided,  and  quite  another  thing  to  deliberately  disobey 
express  instructions.  It  would  have  been  wise  for  the  surgeon  to 
refuse  to  operate  unless  the  scope  of  his  authority  was  agreed  on  in 
advance.26  The  doctrine  is  now  established  that  a  surgical  operation  is 
wrongful  and  unlawful  where  -performed  without  the  express  or  implied 
consent  of  the  patient.  A  surgeon  was  consulted  as  to  a  difficulty  in  the 
right  ear;  after  examination  an  operation  was  advised  and  consented  to; 
under  anesthetics  it  was  found  the  left  ear  was  in  greater  need.  The 
family  physician  made  no  objection,  and  the  operation  was  performed 
on  the  left  ear.  It  was  held  that  the  operation  was  without  the  consent 
of  the  patient,  and  also  that  this  was  not  an  emergency  case.37  This 
doctrine  has  been  confirmed.28  The  bodily  integrity  of  a  patient  cannot 
be  violated  by  a  major  operation  without  consent.  Consent  may  be 
implied  from  circumstances.  Unexpected  conditions  may  develop 
or  be  discovered,  and  the  surgeon  must  act  on  his  discretion,  according 
to  the  demands  of  good  surgery,  to  preserve  life.  When  an  injury 
renders  the  patient  unconscious  and  prompt  surgical  action  is  required 
to  preserve  life  or  limb,  the  surgeon  must  act,  and  consent  will  be 
implied  ex  necessitate.29  The  "emergency  "  or  "danger, "  however,  must 
be  real.  In  a  surgical  operation  upon  a  married  woman  it  is  her  consent 
that  is  required,30  and  it  is  desirable  to  have  that  of  the  husband  also; 
under  special  circumstances,  other  adult  relatives  being  present,  an  opera- 
tion may  be  performed  on  a  minor  without  the  express  assent  of  the 
parent.31  Caution:  The  reader  is  advised  that,  whenever  practicable, 
it  is  best  to  obtain  written  consent  from  the  patient,  the  husband, 
wife,  parent,  or  nearest  person  in  apparent  control  of  the  situation. 
Oral  consent,  while  legal,  may  be  denied,  and  the  surgeon  embarrassed 
by  a  contradiction.     Litera  scripta  maneL 

(b)  Must  Obtain  Consent  to  Autopsy. — If  an  autopsy  is  per- 
formed without  the  consent  of  the  person  having  a  right  to  the  custody 
of  the  body,  the  surgeon  acts  at  his  peril.33  The  only  exception  is  where 
the  post  mortem  is  directed  by  law.33 
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(c)  Must  Use  His  Best  Judgment. — If  judgment  be  honestly 
exercised,  infallibility  is  not  exacted.  Intelligence  and  care  are  required. 
The  patient  must  be  fairly  dealt  with.  If  an  operation  be  unwise  or 
unnecessary,  the  surgeon  must  say  so,  even  though  not  asked.  If  the 
patient  be  of  sound  mind  and  mature  years  and  persists,  against  advice, 
in  demanding  an  operation,  the  surgeon  may  operate,  and  if  he  does  so 
with  skill,  he  is  not  responsible  for  having  yielded  unless  it  involves 
dangerous  consequences.**  But  consent  of  patient  should  be  put  in  writ- 
ing. If  there  be  symptoms  of  several  diseases,  he  must  balance  possible 
results,  and  do  that  which  he  considers  wisest  under  the  circumstances, 
consulting,  if  he  can.35 

(d)  Must  Follow  Established  Modes  of  Practice. — The  standard 
to  be  conformed  to  is  that  of  the  profession  generally ;  otherwise  experi- 
ment will  supplant  skill,  and  recklessness  displace  experience.  If  the 
case  be  new,  the  patient  must  trust  to  the  skill  and  experience  of  the 
surgeon,  but  if  there  be  an  established  mode,  there  should  be  no  depart- 
ure, unless  the  surgeon  takes  the  risk  of  success.*  An  established  mode 
is  not  necessarily  confined  to  those  stated  in  text-books. 

(e)  Must  Instruct  Patient  and  Nurse. — Necessary  and  reasonable 
instructions  must  be  given  to  both  nurse  and  patient  as  to  treatment 
and  conduct  after  an  operation,  so  as  to  guard  against  consequences  of 
careless  nursing,  or  imprudence  or  impatience  or  premature  efforts  to  use 
a  limb  or  to  return  to  work.87  The  duty  does  not  end  with  the  operation ; 
advice  and  instruction  must  be  given  as  to  the  care  and  use  of  an  injured 
part  of  the  body.  The  instruction  shoidd  be  in  vriting.  The  danger  of 
neglecting  this  is  illustrated  by  a  recent  case,  where  the  patient  denied 
the  instructions,  and  in  the  conflict  of  testimony  the  surgeon  was 
mulcted  in  damages.38 

(/)  Must  Continue  in  Attendance. — The  rule  is  fixed  as  to  physi- 
cians that  they  must  continue  in  attendance  so  long  as  the  patient's 
condition  requires  it,  and  abandonment  without  leave  or  notice  is 
inexcusable;  it  has  been  repeatedly  decided  that  it  is  the  duty  of  a 
surgeon  to  return  after  an  operation  to  see  how  the  patient  is  progressing, 
and  that  neglect  to  do  so  is  a  want  of  reasonable  care  and  diligence.30 
As  a  corollary  to  this,  in  case  of  inforced  absence,  there  must  be  a 
competent  substitute.40  The  principal  is  responsible  for  the  acts  of 
the  substitute,  unless  he  be  a  man  of  experience  and  in  independent 
practice  who  must  answer  for  himself.41 

(g)  Must  Guard  His  Patient  Against  Contagion. — This  duty  is 
imperative,  and  consists  of  care  in  the  use  of  instruments  and  the 
acceptance  of  assistance;  care  of  his  own  person,  whether  himself  the 
subject  of  disease  or  a  visitor  to  scenes  of  possible  danger.42 

(h)  Intoxication,  from  any  cause,  while  in  attendance,  if  leading 
to  injury  or  death,  in  some  States  will  subject  the  surgeon  to  a  charge 
of  manslaughter;  in  others  to  a  charge  of  criminal  misdemeanor,  while 
in  all  it  would  be  regarded  as  negligence.43 

(i)  Communications  Not  Privileged. — A  request  to  commit  a 
crime,  such  as  infanticide  or  abortion,  must  be  firmly  refused  unless 
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necessary  to  save  the  life  of  the  mother.  The  fact  that  such  a  request 
was  made  is  not  a  professional  secret  which  cannot  be  divulged.44  This 
does  not  mean  that  the  surgeon  is  to  act  as  a  detective  or  as  a  volunteer 
witness  or  as  an  informer.  He  must  use  his  eyes  and  ears,  but  need  not 
use  his  tongue  in  officious  questions  if  the  request  be  indefinite.  If  the 
crime  be  already  committed  and  he  observes  the  evidences  of  crime  or 
attempted  crime,  being  himself  free  from  participation,  he  cannot  avoid 
answering  on  the  ground  of  privilege  what  a  judicial  officer,  such  as  a 
coroner  or  committing  magistrate,  or  the  district  attorney,  may  ask.  A 
policeman  or  detective  has  not  the  right  to  interrogate  him.  If  a  sur- 
geon catches  an  abortionist,  or  observes  facts  which  may  lead  to  his 
detection,  he  should  communicate  them  to  the  district  attorney,  but 
he  should  not  tell  what  was  told  him  by  the  patient  unless  it  be  a  dying 
declaration.  Privilege  relates  only  to  what  is  necessarily  communicated 
by  the  patient  to  aid  intelligent  treatment:45  it  does  not  cover  crime,  A 
mere  apprehension  that  a  crime  may  be  intended  calls  for  nothing  but 
a  warning  to  the  patient.  Voluntary  revelations  of  secrets  are  a  breach 
of  honor  and  an  indiscretion,  but  information  required  by  the  law  to  aid 
public  justice  cannot  be  withheld.46  (See  Ante,  Sect.  I.,  Privileged  Com- 
munications, et  seq.) 

Restrictions  on  Liability. — The  law  does  not  require  impossi- 
bilities. //  a  fracture  cannot  be  discovered  by  a  careful  and  skilful 
examination,  because  of  conditions  such  as  excessive  swelling,  the 
surgeon  is  not  liable.47  Nor  does  the  surgeon  warrant  a  cure.4*  He 
may  make  a  contract  to  do  so,49  but  we  warn  him  against  such  folly. 
He  never  stipulates  for  success,  at  all  events,  and  he  is  never  to  be 
tried  by  the  defeat.50  When  he  exercises  his  best  judgment  in  a  case 
of  doubt,  he  cannot  be  held  liable  for  want  of  success.51  The  implied 
contract  is  not  to  cure,  to  restore  a  fractured  limb  to  its  natural  per- 
fectness,  but  to  treat  the  case  with  diligence  and  skill.  The  fracture 
may  be  so  complicated  that  no  skill  can  restore  original  straightness 
and  length;  or  the  patient  may,  by  wilful  disregard  of  the  surgeon's 
directions,  impair  the  effect  of  his  best  conceived  measures.  He  deals 
not  with  insensate  matter,  but  he  has  a  suffering  human  being  to  treat, 
a  nervous  system  to  tranquillize,  and  a  will  to  regulate  and  control.52 
So,  too,  he  is  not  responsible  for  an  error  of  judgment,  unless  so  gross  as 
to  be  tantamount  to  a  want  of  skill,53  nor  for  violations  of  his  instructions 
by  a  patient.**  If  a  patient  contributes  to  an  injurious  result  by  his  own 
behavior,  by  disregarding  or  violating  instructions,  the  surgeon  is  not 
liable;  so,  too,  if  the  patient's  age  or  blood  condition  produces  an 
unforeseen  result.55  Nor  where  there  is  an  intervening  cause  of  death.™ 
Injury  must  result  from  negligence  or  unskilfulness  of  the  surgeon,  and 
the  burden  of  proving  negligence  rests  on  the  patient,  who  must  be  free 
from  contributory  negligence.57  The  surgeon  may  refuse  proffered 
assistance;  his  refusal  is  an  implied  declaration  of  his  ability  to  treat 
the  case  properly.58  As  has  been  seen  (ante),  he  may  refuse  a  case  or 
withdraw  on  reasonable  notice. 

Responsibility  for    the    Acts  of    Others.— This   section  is  of 
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vital  interest  to  the  profession,  but  it  is  impossible  to  be  specific,  as 
cases  will  differ  radically  in  their  facts,  and  situations  will  vary  with 
locality  or  emergency.  Generally  speaking,  no  one  is  responsible  for 
the  acts  of  another  unless  that  other  be  so  far  in  the  employment  of 
the  surgeon,  or  so  far  under  his  direction  and  control,  as  to  make  him 
or  her  a  mere  subordinate,  or  agent,  or  instrument  of  the  surgeon's 
will  and  judgment.  Much  will  depend  upon  his  opportunities  of 
selection.  If  he  selects  his  assistants  and  pays  their  charges  or  is 
responsible  for  their  charges,  he  is  undoubtedly  responsible  for  all  that 
they  do  or  neglect  to  do.  If  they  are  in  the  exercise  of  an  independent 
occupation,  of  fair  reputation  for  skill  and  care,  are  selected  by  others 
and  paid  by  others,  and  the  surgeon  has  no  reasonable  opportunity  of 
substituting  others  of  his  choice,  it  would  take  a  strong  case  of  negligence 
on  his  part  to  make  him  liable.  If,  on  the  other  hand,  he  accepts  those 
whom  he  knows  to  be  unfit,  or  enters  a  hospital  which  he  knows  to  be 
improperly  equipped,  and  operates  under  conditions  which  his  better 
judgment  would  pronounce  to  be  unsafe,  then,  even  though  he  had  noth- 
ing to  do  with  the  employment  or  payment  of  nurses  or  assistants  or 
the  provision  of  instruments,  he  is  negligent  in  accepting  them  and 
must  take  the  risk. 

The  following  points  have  been  actually  ruled:  He  is  liable  for  the 
acts  of  his  partner,59  and  if  the  partner  dies,  the  action  will  survive 
against  him.  All  surgeon  partners  are  responsible  for  the  negligence 
of  any  one  of  them  in  the  partnership  business.60  A  surgeon  is  respon- 
sible for  want  of  proper  skill  in  his  apprentice  or  chosen  assistant.61 
If  he  is  about  to  operate  at  a  hospital,  he  must  know  whether  the 
hospital  is  equipped  properly  for  such  an  operation,  and  he  is  charged 
with  the  responsibility  of  knowing  that  they  are,  at  least,  equipped  up 
to  the  standard  that  the  profession  requires  for  the  performance  of  such 
work.  He  must  pass  on  the  question  of  whether  it  is  a  proper  place, 
and  if  he  negligently  makes  a  mistake,  he  is  responsible.  He  may 
operate  wherever  circumstances  compel  him,  and  he  may  do  the  best  he 
possibly  can  under  the  circumstances,  and  if  he  does  that,  and  does 
it  carefully,  he  is  not  responsible  for  disaster.62 

He  is  not  liable  for  injuries  resulting  from  too  great  heat  in  a  bath, 
ordered  for  a  patient,  and  left  to  the  nurse  to  administer,  if  he  was  not 
present  and  did  not  assist  in  preparing  the  bath.63  He  is  not  responsible 
for  the  acts  of  parents  who  attempted  to  nurse  the  patient  and  did  not 
follow  directions.64  He  is  not  liable  for  the  carelessness  of  nurses 
unless  his  own  carelessness  in  neglecting  to  instruct  them  contributed 
to  the  injury.66  He  is  not  liable  for  the  negligence  of  nurses  in  a  hospital 
over  whom  he  has  no  control,66  but  he  is  liable  for  his  own  acts,  although 
the  acts  of  others  may  aggravate  the  injury.67  He  is  not  liable  for 
injuries  caused  by  the  negligence  of  one  called  to  take  his  place.68  No 
case  has  as  yet  arisen  in  which  it  has  been  definitely  determined  as  to 
a  miscount  by  nurses  of  instruments  and  sponges;  nor  as  to  the  use  of 
hot-water  bags  at  the  close  of  an  operation.  The  question  will  turn 
upon  the  extent,  under  the  circumstances,  to  which  the  surgeon  ought  to 
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supervise.  If  the  treatment  be  so  closely  connected  with  the  operation 
as  to  form  a  part  of  it,  it  would  seem  that  the  surgeon  is  responsible 
for  a  burn.  Where  a  surgeon  is  summoned  to  a  distant  hospital  and 
the  local  doctor  or  hospital  provides  the  assistants,  it  may  well  be 
regarded,  so  far  as  he  is  concerned,  as  an  emergency  case,  and  in  the 
absence  of  knowledge  on  his  part  of  the  unfitness  of  those  supplied,  it 
would  require  the  strongest  evidence  of  negligence  on  his  part  to  hold 
him.  Of  course,  negligent  assistants,  nurses,  and  anesthetists  are 
themselves  responsible  if  they  be  worth  the  suing.  This  is  an  inde- 
pendent and  not  a  substitutionary  liability. 

The  desirability  of  insurance  against  these  risks  is  a  business  question 
to  be  determined  by  the  character  and  extent  of  the  surgeon's  practice. 
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SUPPLEMENTARY  MATTERS. 
Duty  in  Cases  of  Crime.— But  little  need  be  added  to  what  has 
been  said  under  Privileged  Communications  (p.  1182)  to  define  the  duty 
of  surgeons  where  they  are  casually  or  professionally  present  at  a  scene 
of  crime.  In  this  respect  they  stand  like  all  other  citizens  so  situated: 
they  owe  a  duty  to  the  administration  of  justice,  and  must  speak  when 
called  upon  by  the  proper  authorities.  In  abortions  or  attempts  to  kill 
or  maim  they  should  act  as  informers — not  against  their  patient — but 
against  an  apparently  guilty  third  party.  But  it  is  knowledge  and 
not  suspicion  that  is  to  be  communicated.  No  ethical  consideration 
can  affect  this  duty.  In  woundings,  not  committed  in  their  presence, 
surgeons  know  nothing  of  the  circumstances,  and  cannot  tell  what  the 
patient  said  unless  it  be  a  dying  declaration.  The  common  law  does 
not  allow  privilege  in  any  case;  the  statutes  in  most  States  confine  the 
privilege  to  civil  proceedings,  and  even  in  those  States  where  the 
privilege  is  not  so  limited,  these  results  are  established: 

(a)  Communications  for  the  purpose  of  an  unlawful  act  are  not 
protected,1  the  only  exception  being  that  the  life  of  a  child  may  be 
sacrificed,  when  necessary ,  to  save  the  life  of  the  mother,  and  as  to  this 
there  should  be,  if  possible,  a  consultation — at  all  events,  no  secrecy. 

(b)  The  privilege  being  for  the  welfare  of  the  patient,  cannot  be 
invoked  by  the  criminal  by  way  of  defense.2 

(c)  After  the  commission  of  crime,  knowledge  obtained  from  the 
sufferer  during  professional  visits  is  privileged,  if  the  patient  be 
indicted.3 

(d)  Whether  the  death  of  the  patient  would  unseal  the  lips  of  the 
surgeon  is  undetermined,  but  it  would  seem  that  if  speech  cast  dishonor 
on  the  dead,  silence  would  be  enjoined  unless  it  impeded  justice.4 

(e)  The  only  places  where  silence  can  be  broken  are  courts  of  justice, 
at  coroners'  hearings,  or  before  committing  magistrates. 

(/)  Nothing  less  than  the  interests  of  public  justice,  as  above  indi- 
cated, will  justify  a  breach  of  professional  confidence  or  the  disclosure, 
by  means  oral,  written,  or  published,  of  professional  secrets.5 

(g)  A  surgeon  is  not  the  gaoler  of  his  patient,  and  hence,  unless  he 
should  connive  at  an  escape,  he  would  not  be  responsible  if  a  wounded 
man,  under  his  care  charged  with  crime,  should  escape  or  jump  his 
bail. 

Ethical  Considerations. — The  law  has  not  spoken  upon  the 
matter  of  private  communications  to  parties  interested,  of  the  existence 
of  secret,  loathsome,  and  dangerous  diseases  in  nurses,  attendants,  or 
those  about  to  marry.  The  problem  is  ethical.  There  would  seem 
to  be  but  little  difficulty,  however,  in  sustaining  the  conclusion  that 
the  communication  could  not  be  regarded  as  a  proper  subject  for  legal 
condemnation,  if  communicated  upon  request  or  in  confidence  to  the 
medical  or  surgical  adviser  of  the  innocent  party.  Similar  confidential 
communications  are  often  made  respecting  the  integrity  and  capacity  of 
proposed  employes,  without  the  risk  of  damages.  A  statement  as  to 
syphilis  in  a  nurse  made  to  the  parent  of  an  infant  would  be  proper; 
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but  a  statement  to  the  father  of  a  bride  to  be  as  to  disease  in  the 
husband  to  be  stands  on  no  legal  ground  of  duty.  Ethics  must  govern. 
At  present  the  function  of  the  surgeon  is  to  treat,  rather  than  to  pre- 
vent, except  where  his  duty  is  clearly  defined  by  health  regulations. 

Business  Considerations. — The  surgeon  should  keep  books  in 
which  to  enter  his  charges  for  services;  the  entries  should  be  made 
daily,  under  the  exact  date,  and  show  the  name  and  residence  of  the 
party  charged,  the  character  of  the  service,  and  the  amount  of  the 
charge.  No  hieroglyphics,  abbreviations,  or  unintelligible  marks 
should  appear.  If  the  party  charged  should  die,  and  a  claim  be  made 
against  his  or  her  estate,  the  books,  if  not  daily  records,  or  if  unintel- 
ligible, would  be  useless  as  evidence,  and  the  claim  be  lost,  because  a 
living  claimant  cannot  personally  testify  against  a  dead  person.  The 
contest  would  be  unequal.  If  properly  kept,  the  books  would  sustain 
the  claim. 

The  person  to  whom  the  service  is  rendered  is  the  party  primarily 
liable.  A  husband  is  responsible  for  the  services  rendered  to  his  wife 
unless  she  be  separated  from  him  without  just  cause.  A  father  is 
responsible  for  necessary  services  rendered  to  minor  children;  if  the 
father  be  dead,  the  mother  is  liable  if  she  have  a  separate  estate  and  the 
minors  have  no  estate;  if  there  be  such  an  estate,  the  bill  should  be 
sent  to  the  guardian.  No  one  is  responsible  for  the  debt  of  another 
unless  he  agree  to  be  so  in  writing,  signed  by  him  or  by  his  duly  author- 
ized agent.  A  mere  messenger  to  call  the  surgeon  is  not  responsible 
for  the  bill;  an  employer  is  not  liable  for  his  injured  employ 6,  unless 
he  say  in  plain  terms,  "  attend  my  employe*  and  charge  the  bill  to  me." 
If  he  say,  "attend  him,  and  if  he  does  not  pay  you,  I  will,"  he  is  not 
responsible  unless  the  engagement  be  in  writing. 

The  Employers'  Liability  Statutes  do  not  make  the  employer  liable 
to  the  surgeon.  Though  surgeons*  bills  often  constitute  an  item  of 
damage  in  a  suit  brought  by  an  injured  employ^,  yet  the  liability  of 
the  employe*  to  the  surgeon  is  direct — and  legally  the  surgeon  and  the 
employer  are  strangers  to  each  other,  unless  there  be  such  an  arrange- 
ment as  is*  stated  in  the  preceding  paragraph. 

Drawing  Wills. — Nothing  but  grave  emergency  will  justify  a  sur- 
geon in  drawing  a  will  for  a  patient.  If  legal  assistance  can  be  had,  it 
should  never  be  dispensed  writh.  If  the  testator  be  in  articulo  mortis, 
write  down  the  exact  words  as  dictated,  have  the  testator  sign  at  the 
end  of  the  writing  in  the  presence  of  at  least  two  subscribing  witnesses, 
free  from  the  taint  of  interest  as  legatees.  Never  be  persuaded  to  write 
a  will  under  which  you  are  a  beneficiary.  Remember  your  relation  to 
a  patient  is  like  that  of  a  spiritual  adviser  or  lawyer, — a  confidential 
one, — and  the  law  will  not  permit  confidential  relations  to  be  abused. 
The  burden  of  explaining  away  an  advantage  to  yourself  is  often  too 
heavy  to  be  carried,  and  defeat  and  disgrace  follow  in  the  court  all  such 
efforts  to  profit  by  the  weakness  of  the  patient.  A  grateful  patient 
may  reward  a  surgeon  by  a  legacy,  but  let  a  stranger's  hand  draw  the 
will  in  the  absence  of  the  legatee. 
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It  is  proper  to  act  as  a  subscribing  witness  to  a  will  in  which  you  are 
not  interested,  if  requested  either  by  the  testator  or  the  legal  draftsman, 
but  remember  that  you  should  not  do  so  unless  satisfied  of  complete 
testamentary  capacity  and  can  withstand  cross-examination  on  that 
point. 

Never  intrude  a  non-professional  stranger  as  a  witness  to  an 
operation  where  exposure  of  the  person  is  involved.  Such  an  act, 
in  a  confinement  case,  mulcted  an  obstetrician  in  damages.6 

The  Law  of  the  Road. — The  surgeon,  driving  himself,  or  driven 
by  his  own  coachman,  is  responsible  for  careless  driving.  He  has  no 
right,  while  endeavoring  to  relieve  an  injured  person,  to  add  to  the  list 
of  casualties.  He  has  no  right  of  way,  such  as  a  patrol  wagon,  or  a 
hospital  ambulance,  or  a  fire  engine,  all  of  which  give  loud  notice  of 
their  coming.  The  rights  of  others  on  the  road,  and  of  pedestrians  at 
crossings,  are  equal  to  those  of  the  patient,  and  the  sound  man  should 
not  be  maimed  for  the  benefit  of  one  already  injured.  Of  course,  other 
drivers  and  pedestrians  are  bound  to  be  vigilant  and  careful.  If  both 
colliding  objects  are  at  fault,  there  can  be  no  recovery  from  either. 
The  legal  rule  is  that  all  persons  on  a  highway  must  exercise  the  caution 
and  care  which  an  ordinarily  prudent  person  would  exercise  under  the 
circumstances.  A  pedestrian  ought  not  to  walk  right  in  front  of  an 
approaching  carriage,  or  take  the  risk  of  getting  across  in  time;  on  the 
other  hand,  no  one  has  a  right  to  drive  over  one,  who,  though  on  foot, 
has  fairly  started  on  a  crossing  to  which  he  is  entitled;  crowded,  narrow, 
or  dangerous  crossings  must  always  be  approached  with  care. 

Witnesses  to  Accidents. — Except  to  enable  him  to  testify  clearly, 
accurately,  and  impartially  as  to  the  circumstances,  no  surgeon,  unless 
in  the  employ  of  the  company  sued,  need  busy  himself  in  obtaining  the 
names  and  addresses  of  witnesses  to  an  accident,  and  even  if  he  be  in 
the  employ  of  the  company,  he  should  be  careful  not  to  act  as  a  partisan 
in  securing  evidence  or  working  up  a  case  for  either  side;  nor  should  he 
attempt  to  negotiate  settlements  or  pay  money.  The  surgeon's  func- 
tions are  not  those  of  a  claim-agent.  If  the  accident  be  one  in  which 
the  surgeon's  own  carriage  is  involved,  it  would  be  wise  for  him  to 
secure  the  names  and  addresses  of  the  eye-witnesses. 

Insurance. — The  desirability  of  insurance,  whether  life,  accident, 
health,  or  team  insurance,  or  against  the  consequences  of  infection, 
presents  a  business  question  which  each  man  must  settle  for  himself 
according  to  his  means  and  the  necessity  of  indemnity  against  risks 
which  are  common  and  sufficiently  serious  to  deserve  consideration. 
The  character  of  the  risks  covered  by  policies  depend  on  the  language 
used,  and  the  matter  should  be  submitted  to  legal  advisers  before 
premiums  are  paid. 

Financial  Arrangements. — This,  too,  is  mainly  a  question  of 
business,  involving  knowledge  of  human  nature  and  tact.  Some 
people  would  resent  an  attempt  to  pin  them  to  a  bargain;  others  would 
prefer  it.  An  oral  contract  is  as  legal  as  a  written  one,  but  the  written 
one  is  always  capable  of  easy  proof,  while  the  terms  of  an  oral  one  may 
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be  disputed.  If  there  be  room  for  sufficient  distrust  of  the  patient  to 
suggest  a  contract,  by  all  means  let  it  be  written.  If  the  patient  invites 
it,  the  way  is  easy,  but  the  suggestion  of  it  to  one  of  means  and  character 
would  be  unwise. 
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CHAPTER  LXXXV. 

THE  LABORATORY  AS  AN  AID  TO  SURGICAL  TECH- 
NIC  AND  SURGICAL  DIAGNOSIS. 

By  William  M.  Late  Coplin,  M.  D., 

PHILADELPHIA. 


This  article  is  not  intended  to  present  the  various  technical  applica- 
tions of  the  pathologist  and  laboratory  worker,  but  to  indicate  to  the 
surgeon  methods  by  which,  in  correlation  with  his  usual  resources,  the 
laboratory  may  be  found  useful.  A  certain  degree  of  familiarity  with 
laboratory  technic  and  methods  is  constantly  helpful  to  the  surgeon, 
and  for  such  information  he  is  referred  to  the  works  of  Sahli,1  Emerson,2 
Simon,3  Wood,4  and  Lenhartz5;  for  more  exact  data  concerning  clinical 
diagnosis,  Ogden's6  excellent  work  on  the  clinical  examination  of  the 
urine  will  be  found  of  value.  For  blood  studies  the  monographs  of 
DaCosta7  and  Ewing8  may  be  consulted.  The  necessary  information 
in  bacteriology  may  be  obtained  from  the  works  of  Kolle  and  Wasser- 
mann,9  Mactf,10  Miquel  and  Cambier,11  Muir  and  Ritchie,12  and  McFar- 
land.13  Mallory  and  Wright,14  Lee,15  Cattell,16  and  several  current  works 
on  pathology  contain  all  the  details  of  routine  pathologic  technic. 

For  the  purposes  of  this  paper  I  shall  consider — (1)  Laboratory 
control  of  operative  technic.  (2)  Procuring  and  handling  specimens 
intended  for  laboratory  diagnosis,  with  suggestions  as  to  technical 
points.  (3)  Definitive  preservation  of  specimens  for  the  museum  and 
for  teaching  purposes. 

Laboratory  Control  of  Operative  Technic. — It  is  the  experi- 
ence of  almost  every  surgeon  that,  at  some  time  during  his  career, 
infections  occur  in  such  numbers  as  to  indicate  strongly  some  defect 
in  technic.  When  such  misfortune  befalls  an  operator,  it  becomes 
necessary  for  him  to  investigate  his  methods,  conducting  the  inquiry 
in  as  orderly  a  manner  as  circumstances  will  permit.  Experience  has 
established  that  in  many  instances  the  difficulty  results  from  imperfect 
sterilization  of  the  hands  of  the  operator  or  assistant.  For  the  purpose 
of  determining  this  source  of  error,  or  for  guarding  against  it,  the  skin 
of  the  hands,  and  preferably  the  fingers,  especially  the  subungual  spaces, 
should  be  examined.  A  culture-tube  containing  sterile  bouillon  and 
possessing  a  diameter  sufficient  to  admit  a  finger  is  selected;  the  sterile 
cotton  plug  is  removed  and  the  lip  of  the  tube  disinfected  by  passing  it 
through  the  flame  of  a  Bunsen  burner  or  alcohol  lamp;  the  fingers,  one 
after  another,  are  introduced  into  the  tube,  which  is  so  tilted  as  to 
bathe  the  digit  which  is  sloshed  about  in  the  fluid  and  rubbed  against 
1198 
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the  wall  of  the  tube,  thereby  introducing  any  bacteria  which  may  be 
adherent  to  the  finger  or  contained  in  the  epithelial  cells  detached  by 
friction  against  the  inner  wall  of  the  tube.  The  cotton  plug  is  quickly 
restored  and  the  tube  labeled  and  forwarded  to  the  laboratory  for 
incubation.  As  this  method  often  fails  to  remove  bacteria  deposited 
under  the  nail  and  dislodged  with  difficulty,  it  is  advisable  to  make 
cultures  directly  from  the  subungual  spaces;  for  this  purpose  a  heavy 
platinum  wire — readily  sterilized  by  flaming — may  be  passed  under 
the  nail  and  around  its  margin  and  washed  off  in  the  sterile  bouillon.17 
In  a  similar  manner  sterile  hard-wood  sticks — preferably  orange  wood — 
may  be  used  to  clean  the  nails,  after  which  they  are  thrown  into  the 
bouillon.  The  objection  to  articles  of  vegetable  material  lies  in  the 
great  difficulty  in  securing  primary  sterilization.  A  growth  in  any  of 
the  culture-tubes  indicates  inadequate  disinfection,  but  it  is  important 
to  determine  the  nature  of  the  growing  organism,  as  the  clinical  evidence 
— infection — must  depend  upon  the  presence  of  pathogenic,  usually 
pyogenic,  bacteria.  During  all  these  steps  it  is  important  that  no 
germicide  shall  have  been  introduced  into  the  culture-medium  in  suffi- 
cient quantity  to  inhibit  the  growth  of  any  viable  organism.  In  1903 
Professor  Keen  introduced  this  method  into  the  clinics  of  the  Jefferson 
Medical  College  Hospital  and  found  it  an  efficient  control,  especially 
for  assistants  and  nurses,  upon  any  one  of  whom  a  succession  of  posi- 
tive findings  would  cast  a  distinct  reflection.  Cultures  were  taken 
from  the  hands  of  the  surgeon  and  every  assistant  and  nurse  at  all 
the  weekly  clinics  in  his  service.  The  following  table  shows  how  such 
a  record  may  be  kept;  a  growth  is  indicated  thus  4- : 

RESULTS  OF  BACTERIOLOGIC  EXAMINATION  OF  HANDS—SURGICAL 

CLINIC.1 


Inoculations  from 
Hands  of 


Surgeon  A 
Surgeon  B 
Surgeon  C . 
Surgeon  D. 
Surgeon  E 
Nurse  I . . . 
Nurse  2.  .. 
Nurse  3... 
Nurse  4 . . . 
Nurse  5 .  . . 
Nurse  6.  .. 


January. 

February. 

March. 

2 

9       16     23 

30 

6       13     20     27 

—     —     —     _j 

6 

13 

20     27 

1 

—     —     -i- 

+ 

-     + 
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—     —     — 
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—      -r      —     - 

+ 

— 
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It  may  also  be  important  to  determine  whether  the  preparation  of 
the  field  of  operation  has  been  such  as  to  produce  a  sterile  surface. 
In  order  to  test  this  a  sterilized  cotton  swab  is  rubbed  briskly  over  the 
skin  and  then  placed  in  bouillon,  or  the  skin  may  be  scratched  or  scraped 


1  Negative  -  ;  Positive  -f. 
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and  the  fragments  so  obtained  introduced  into  the  culture-medium. 
Epithelium  almost  constantly  contains  bacteria  not  reached  by  any 
known  method  of  cutaneous  disinfection,  and,  therefore,  the  second 
test  usually  yields  positive  results;  where,  however,  the  scraping  has 
been  light  and  superficial,  a  negative  finding  should  be  obtained. 

It  is  also  necessary  from  time  to  time  to  investigate  the  sterility 
of  instruments  and  materials  used  during  operation.  Instruments  may 
be  moved  to  and  fro  in  sterile  bouillon  or  allowed  to  remain  in  the 
medium  for  at  least  half  an  hour.  Fragments  of  dressing  material, 
gauze  sponges,  catgut,  and  silk  or  other  suture  and  ligature  substances 
may  also  be  placed  in  the  bouillon  and  kept  under  observation  for  a 
sufficient  length  of  time  for  the  growth  of  any  contained  viable  organ- 
ism. It  is  especially  with  regard  to  catgut,  silkworm-gut,  and  tendinous 
substances  that  the  greatest  care  is  necessary;  catgut  exposed  to  the 
action  of  body  juices  usually  softens  and  eventually  disintegrates;  such 
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Fig.  538. — Capsules  for  Controlling  Thermal  Disinfection.     (Exact  sise.) 

These  capsules  consist  of  a  firm  outer  shell  of  glass  containing  a  fusible  metal  and  as  little 
oxygen  as  possible.  They  are  placed  in  packages  with  the  fusible  metal  at  the  upper  end. 
After  sterilization,  if  the  penetration  of  the  heat  lias  been  adequate,  the  metal  will  be  found  at  the 
lower  end  of  the  capsule.  Capsules  containing  shaped  masse-*  of  metal  may  also  be  used.  They 
possess  no  great  advantage  and  are  expensive,  because  a  new  one  is  required  for  each  sterilisation. 
The  capsule  represented  in  the  illustration  can  be  used  a  number  of  times. 

softening  and  disintegration  do  not  take  place  in  the  usual  culture- 
media,  particularly  those  containing  sodium  chlorid,  and  for  this  reason 
the  test-tube  experiment  is  not  exactly  comparable  to  the  results 
obtained  in  wounds.  Hallion  and  Carrion18  have  called  especial  atten- 
tion to  the  difficulty  in  removing  from  catgut  residual  disinfectant  and 
securing  in  cultures  sufficient  disintegration  to  liberate  contained  bac- 
teria; they  recommend  that  the  gut  be  transferred  from  tube  to  tube 
through  at  least  three  passages,  thereby  removing  any  adhering  anti- 
septic, and  facilitating  the  swelling  and  separation  of  the  tightly 
compressed  strand.  The  test  should  not  be  restricted  to  a  single  frag- 
ment or  even  a  short  piece,  but  should  include  a  number  of  specimens 
from  different  strands.  The  fact  that  catgut  and  similar  substances 
may  contain  anaerobic  bacteria,  such  as  the  tetanus  bacillus  and 
organisms  of  acute  gaseous  gangrene19  and  gangrenous  suppurations,20 
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renders  it  necessary  to  determine  the  presence  of  pathogenic  anaerobic 
bacteria,  which  may  be  accomplished  by  the  usual  anaerobic  methods. 
In  certain  instances  animal  inoculation  is  necessary. 

A  not  infrequent  source  of  failure  to  obtain  asepsis  is  the  inadequate 
heating  of  bundles  and  packages  in  various  sterilizing  devices.  This 
danger  may  be  partly  overcome  by  the  use  of  properly  placed  registering 
thermometers,  or  by  glass  capsules  (Fig.  538)  containing  fusible 
alloys,  the  melting-point  of  which  corresponds  to  the  temperature 
desired.21 

An  occasional  source  of  infection  is  the  incomplete  sterilization  of 
water  used  in  the  preparation  for  operation  or  in  the  operating-room. 
Of  the  many  devices  supplied  for  the  purpose,  none  is  absolutely  free 
from  the  dangers  of  faulty  technic.  For  determining  the  efficiency  of 
such  sterilization  2  to  3  cc.  of  the  suspected  water  should  be  added  to 
bouillon  and  the  resulting  mixture  incubated.  Normal  salt  solution 
and  other  artificial  sera  may  be  similarly  studied.  When  examining 
antiseptic  solutions  it  is  well  to  bear  in  mind  that  some  waters  contain 
substances  that  render  inactive  the  agent  upon  which  effectiveness 
depends  and  also  that  mistakes  in  compounding  are  possible.  In  either 
case  the  fault  may  be  detected  by  the  methods  commonly  employed  for 
testing  the  efficacy  of  disinfectants.  Klein33  has  pointed  out  special 
sources  of  technical  error. 

Procuring  and  Handling  Specimens  Intended  for  Laboratory 
Diagnosis,  with  Suggestions  as  to  Certain  Technical  Points. — 
To  the  surgeon  anxious  to  improve  his  diagnostic  skill  nothing  is  more 
important  than  the  careful  examination  of  specimens  during  and  after 
removal;  the  information  secured  in  this  way  may  be  rendered  more 
valuable  by  correlating  the  data  obtained  by  macroscopic  examination 
with  those  secured  through  a  careful  histologic  study.  As  Bloodgood23 
wisely  observes,  "the  surgeon  of  the  future  must  be  his  own  patholo- 
gist." In  no  way  may  diagnostic  skill  be  more  rapidly  advanced  than 
by  a  careful  and  judicious  comparison  of  clinical  facts  with  the  morbid 
anatomy,  including  the  morbid  histology,  of  excised  tissues,  and  to 
these  should  be  added  a  properly  conducted  bacteriologic  investigation. 
There  can  be  no  doubt  but  that  the  best  results  are  to  be  obtained  by 
the  cooperation  of  surgeon  and  laboratory  technician  familiar  with  the 
methods  of  investigation  especially  adapted  to  any  particular  case. 

The  modern  methods  of  laboratory  research  have  become,  to  a 
large  degree,  highly  specialized,  and  partake  of  the  nature  of  chemical 
and  physical  examinations  as  accurately  conducted  by  specialists  in 
those  departments  of  science.  So  far  has  this  method  advanced  that 
even  the  staining  of  tissues  is  now  known  to  be  a  definite  chemical 
process,  the  best  results  afforded  by  combinations  and  reactions  as 
accurate  as  those  utilized  by  the  chemist  for  the  separation  of  arsenic 
from  organic  compounds.  A  misstep  in  the  preliminary  treatment  of 
a  specimen  may  forever  preclude  a  complete  microscopic  examination. 

The  specimen  sent  to  the  pathologist  should  be  accompanied  by 
specific  data  stating  what  the  specimen  is  or  what  it  is  supposed  to 
vol.  v— 76 
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be,  its  origin,  whether  obtained  antemortem  or  postmortem,  the  date 
and  hour  of  its  removal,  the  name,  age,  sex,  social  condition,  nativity, 
nationality,  color,  occupation,  and  race  of  the  patient.  The  clinical 
diagnosis,  or  at  least  a  suggestion  as  to  the  nature  of  the  lesion,  should 
also  accompany  the  specimen.  If  the  material  has  been  submitted  to 
the  action  of  any  chemical  agent,  or  is  transported  in  any  medium,  the 
pathologist  should  be  advised.  The  inexperienced  sometimes  surround 
the  specimen  with  an  air  of  mystery  refusing  all  clinical  data,  and  often 
fail  to  state  from  what  part  of  the  body  or  from  what  organ  the  speci- 
men was  obtained.  In  such  cases  the  pathologist  must  roam  through 
the  domain  of  conjecture  and,  by  a  circuitous  route 
arrive,  if  possible,  at  some  conclusion. 

In  many  instances  it  is  wise  for  the  surgeon 
and  pathologist  to  consult  as  to  the  probabilities, 
and  in  advance  decide  upon  some  line  of  study  sug- 
gested by  the  evidence.  For  example,  in  elephanti- 
asis of  the  scrotum,  or  in  lymph  varix,  a  careful 
dissection  of  the  excised  tissue  may  disclose  an  adult 
filaria  which  in  the  fresh  specimen  may  be  floated  out 
in  saline  solution  and  fully  studied;  after  indiscrimi- 
nate incision  or  definitive  fixation  such  a  result  is 
scarcely  possible.  Certain  substances  are  specifically 
adapted  to  definite  fixation  and  preservation  of  par- 
ticular structures,  and  yield  satisfactory  results  when 
examined  by  one  method,  but  are  unsuited  to  any 
other.  For  these  reasons  the  primary  treatment  of 
a  specimen  may  determine  the  technical  limitations 
employed  in  the  laboratory.  Just  as  the  chemist 
wishes  material  in  its  raw  state,  unchanged  by 
treatment,  so  the  pathologist  should  be  unfettered 
by  the  injudicious  application  of  agents  that  may 
deleteriously  influence  or  render  impossible  a  special 
line  of  investigation. 

Material  intended  for  bacteriologic  study  must 
be  collected  in  such  a  way  as  to  preclude  accidental 
contamination — the  addition  of  extraneous  organ- 
isms— which  may  invalidate  the  diagnostic  conclu- 
sions indicated  by  the  findings.  One  of  the  com- 
monest sins  in  this  respect  consists  in  sending  to 
the  laboratory  specimens  of  urine,  pus,  or  other 
fluids  in  unsterilized  containers  (bottles,  etc.).  Excised  tissues  after 
handling  by  infected  hands,  or  deposited  on  bacteria-laden  tables,  or 
wrapped  in  paper  or  other  germ-carrying  material,  can  scarcely  yield 
a  satisfactory  or  trustworthy  result.  The  bacteria  derived  from  such 
sources  are  commonly  rapidly  growing  saprophytes  that,  when  sub- 
jected to  cultivation,  outstrip  the  pathogenic  organisms  with  which 
they  are  mixed,  and  often  preclude  isolation  of  members  of  the  latter 
group.     Specimens  supposed  to  contain  germs  difficult  to  obtain  in  pure 
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culture,  such  as  the  gonococcus,  meningococcus,  and  tubercle  bacillus, 
require  the  greatest  care.  Contamination  also  interferes  with  animal 
inoculation;  a  specimen  supposed  to  contain  tubercle  bacilli  may  be 
rendered  useless  for  inoculation  by  the  introduction  of  pyogenic  cocci 
that  kill  the  inoculated  animal  before  experimental  tuberculosis  has 
time  to  develop.  Another  all-important  consideration  is  the  exclusion 
of  antiseptics  which  may  kill  contained  bacteria  or  be  carried  into 
culture-media  and  inhibit  growth;  for  this  reason  containers  (bottles, 
etc.)  used  for  collecting  specimens  to  be  ex- 
amined bacteriologically  should  be  sterilized  by 
heat  and  not  by  chemical  means. 

For  the  collection  of  material  for  bacterio- 
logic  examination  an  ordinary  test-tube,  plugged 
with  cotton  and  sterilized,  may  be  used.  It  is 
somewhat,  unwieldy,  and  the  inexperienced  often 
find  the  introduction  of  fragments  of  tissue  or 
fluids  difficult.  The  sterile  tube  containing  a 
swab  (Fig.  539)  is  more  convenient;  by  rubbing 
the  swab  over  infected  surfaces  and  then  apply- 
ing it  to  the  medium  in  a  culture-tube,  an  inocu- 
lation is  readily  made.  It  should  be  prepared  by 
tightly  wrapping  the  tip  of  a  stiff  aluminum  wire 
with  absorbent  cotton  and  applying  a  second 
mass  of  the  cotton  of  sufficient  size  at  a  point 
where,  when  introduced  into  the  tube,  it  will  act 
as  a  closely  fitting  secure  stopper;  the  tube  con- 
taining the  swab  should  be  sterilized  in  the  hot-air 
oven  at  140°  C.  for  twenty  minutes.  The  de- 
vice for  collecting  fluids  (Fig.  540)  consists  of  a 
dropper  and  tube;  the  rubber  of  the  dropper 
precludes  hot-air  sterilization;  steam  may  be 
used  or  the  glass  and  cotton  parts  may  be 
sterilized  in  the  hot-air  oven  and  the  rubber  part 
in  steam,  the  two  being  assembled  immediately 
upon  removal  from  the  sterilizers. 

Inoculations  may  be  made  with  the  ordinary  platinum  wire  mounted 
in  a  glass  rod,  a  sterile  knife,  ligature  carrier,  or  probe,  preferably 
sterilized  by  heat,  heavily  laden  with  the  suspected  material,  and 
rinsed  off  in  the  sterile  bouillon  or  other  liquid  medium,  or  rubbed  over 
the  surface  of  agar  or  some  form  of  solidified  blood-serum.  Frequently 
the  bacteria  are  not  numerous,  and  often  when  plentiful  all  do  not  grow; 
it  is,  therefore,  important  that  an  abundance  of  material  shall  be 
planted;  furthermore,  a  large  quantity  enables  the  laboratory  worker 
to  make  other  inoculations  whenever  the  medium  primarily  used  is 
not  adapted  to  the  growth  of  the  organism  thought  to  be  present. 

The  best  bottles  for  collecting  aseptic  material  are  those  shown  in 
Figs.  541  and  542.  The  former,  known  as  the  aseptic  bottle  of  Lafay, 
possesses  a  carefully  ground  overhanging  mushroom  stopper  and  a  ring 


Fig.  540. — Apparatuh  for 
the  Collection  or 
Pathologic  Fluidb. 
(Mallory  and  Wright.) 
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on  the  side  of  the  neck,  rendering  it  possible  to  tie  a  pad  of  sterile  gauze 
over  the  stopper,  which  is  thereby  kept  in  place,  and  at  the  same  time 
infection  of  the  lip  of  the  bottle  is  rendered  improbable;  the  interior  of 
the  bottle  is  without  angles  and  inaccessible  corners  difficult  to  clean; 
the  most  convenient  capacities  are  50  and  100  cc.  The  chemists' 
weighing  bottle  (Fig.  542)  is  small,  light,  easily  dipped  into  cavities, 
and  readily  cleaned  and  sterilized.  In  the  absence  of  such  ideal 
devices  ordinary  glass-stoppered  salt-mouth  bottles  thoroughly  steril- 
ized may  be  used. 

For  convenient  transportation  of  media,  sterile  tubes,  bottles,  etc., 
wire  baskets  (Fig.  543)  are  most  useful.     A  towel  is  placed  in  the 


M 


Fia.  541. — The  Aseptic  Bottle  of  Lafay. 
(Two-thirds  natural  size.) 
The  mushroom  stopper  may  be  secured  in 
place  by  a  hood  of  sterile  gauze,  tied  in  position 
DY  a  string  applied  below  the  ring  in  the  neck 
of  the  bottle. 


Fig.  542. — Chemists'  Weighing  Bottle, 
Especially  Adapted  to  Collecting  Fluids. 
It  is  made  of  test-tube  glass,  may  be  steri- 
lized by  any  satisfactory  method,  and  the 
numbered  stopper  and  body  offer  convenient 
aids  in  keeping  records. 


bottom  of  the  basket,  to  prevent  jolts  from  breaking  the  tubes,  and  two 
superimposed  towels  drawn  over  the  top  and  tied  with  a  bow-knot,  as 
shown  in  the  illustration.  The  basket  and  its  contents  are  sterilized 
and  sent  to  the  operating-room;  when  the  operation  is  about  to  begin, 
the  knotted  cord  is  untied  or  cut  and  the  uppermost  towel  removed, 
leaving  a  single  sterile  towel  that  may  be  handled  by  the  operator  or 
his  assistants,  whose  hands  have  been  disinfected.  A  single  basket 
may  contain  tubes  of  different  media,  either  labeled,  which  is  difficult, 
or  indicated  by  spotting  the  cotton  stoppers  with  drops  of  anilin  dyes, 
always  using  the  same  color  for  each  medium.  Sterile  tubes  and  bottles 
may  be  kept  in  the  same  basket.     It  is  desirable,  but  not  necessary, 
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that  a  fresh  basket  be  available  for  each  operation;  confusion  is,  thereby, 
avoided,  and  the  tendency  to  accidental  contamination  lessened.  All 
tubes  and  containers  used  should  be  labeled  before  being  returned  to  the 
basket.  Various  forms  of  bacteriologic  pocket  cases  or  outfits  have  been 
devised,  but  I  am  unfamiliar  with  any  that  can  be  cordially  indorsed. 
In  every  case  spreads 1  of  suspected  material  should  be  prepared,  as 
— on  account  of  cultural  difficulties  or  for  other  reasons — the  bacteria 
present  may  not  be  obtained  in  culture,  or  the  organisms  that  grow 
may  not  be  the  important  infecting  agent;  this  is  especially  true  of  open 
wounds  and  exposed  ulcers.  Spreads  may  be  made  on  cover-glasses  or 
slides;  they  must  be  thin  and  uniform,  and  should  be  at  once  forwarded 
to  the  laboratory.     The  cover-glasses  may  be  sent  to  and  from  the 


Fio.  543. — Wire  Basket  Containing  Tubes  or  Media  and  Sterile  Collecting  Tubes  Prepared 

for  Operating-room. 

laboratory  in  sterile  tin  ointment  boxes,  and  the  slides,  after  drying, 
may  be  wrapped  in  sterile  gauze;  in  both  cases  labeling  must  not  be 
forgotten.  A  slide,  one  end  of  which  is  ground  for  easy  pencil  labeling, 
may  be  obtained  from  dealers;  it  is  inexpensive  and  convenient,  and 
may  be  cleaned  and  used  repeatedly.  When  spreads  are  not  made  at 
the  operation,  they  should  be  prepared  in  the  laboratory  immediately 
on  receipt  of  the  container,  using  for  the  purpose  the  excess  of  deposit 
insisted  upon  above.  In  addition  to  the  information  secured  with 
regard  to  the  bacteria  present  such  films  yield  valuable  data  concerning 
the  contained  cells  and  pigments,  and  may  disclose  ova  or  other  ele- 
ments indicative  of  animal  parasites;  the  amebic  or  echinococcal  origin 

1  "Spread  "  is  a  term  used  in  the  laboratory  to  designate  a  layer  of  any  sub- 
stance to  be  studied,  laid  down  as  the  thinnest  possible  stratum  on  a  previously 
thoroughly  cleaned  cover-glass  or  slide. 
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of  an  hepatic  abscess  may,  in  some  instances,  be  established  by  the 
examination  of  fresh  or  dried  and  stained  films;  for  animal  parasites 
the  former  are  preferable.  If,  for  any  reason,  cultures  are  not  made, 
films  may  be  of  value  in  determining  the  presence  of  bacteria,  and  also, 
in  a  general  way,  the  type  of  germ.  Schauta,  Howard  A.  Kelly,  and 
Penrose  have  recommended  the  immediate  examination  of  stained  films 
and  weighing  the  information  so  obtained  when  considering  the  neces- 
sity for  drainage.  The  plan  is  defective  in  that  dead  or  no  longer 
viable  or  pathogenic  bacteria  may  be  found,  but  in  the  hands  of  discern- 
ing clinicians  it  possesses  a  certain  value.  Kelly24  no  longer  uses  the 
method. 

Tissues  Removed  for  Diagnostic  Purposes — Rapid  Examina- 
tions.— In  a  small  number  of  cases  the  surgeon  wishes  to  learn  the 
histologic  diagnosis  before  proceeding  to  operation.  For  this  purpose 
many  methods  by  which  small  pieces  of  tissue  can  be  removed  have 
been  devised.  A  harpoon  has  been  used;  Warren  employed  a  punch 
resembling  a  cork-borer,  which  was  thrust  into  the  tissue,  slightly  with- 
drawn, so  as  to  change  the  direction,  and  again  pressed  forward,  thereby 
cutting  off  and  withdrawing  a  cylinder  of  tissue  which  came  away  in 
the  cannula-like  instrument.  Webb25  recommends  a  suction  device  that 
pulls  up  into  the  lumen  of  a  tube  a  small  piece  of  tissue,  which  is  then 
snipped  off.  Schupfer26  uses  a  trocar-like  needle  8  cm.  long  and  pos- 
sessing an  internal  diameter  1  to  1  5  mm.  This  he  attaches  to  a  Luer 
syringe,  and  after  the  needle  is  passed  through  the  skin  the  piston  of 
the  syringe  is  withdrawn,  creating  a  vacuum,  which,  as  the  needle  is 
thrust  forward,  leads  to  a  piece  of  the  tissue  being  pressed  into  its 
lumen.  After  withdrawal  the  fragment  is  ejected  by  air  forced  into 
the  needle  from  the  syringe.  Probably  no  instrument  is  better  than  a 
sharp  knife  or  a  pair  of  scissors  possessing  knife-edges;  in  inaccessible 
cavities,  such  as  the  uterus,  a  curet  may  be  employed  or,  for  the  rectum, 
a  special  type  of  scissors-like  device.  Gouges,  punches,  and  similar 
appliances  mash  and  distort  the  tissue,  thereby  rendering  it  unsuit- 
able for  the  best  results.  It  is  to  be  remembered  that  structure  rather 
than  cell  is  the  important  feature  to  be  determined,  and  that  any 
method  that  materially  alters  relations  of  elements — disturbing  the 
architecture,  if  I  may  use  the  expression — is  to  be  condemned.  For 
the  same  reason  the  surgeon  should  avoid  the  crushing  action  of  forceps 
and  handle  the  fragment  with  the  greatest  care.  Many  times  the 
specimen  is  too  small,  is  composed  of  blood-clot,  or  is  necrotic  and 
cannot  be  stained  satisfactorily  or  does  not  represent  the  essential 
pathologic  tissue,  and  in  any  case  yields  no  conclusive  result.  That  it 
is  not  representative  is  a  frequent  source  of  error,  and  the  difficulty 
besetting  the  surgeon  may  be  partly  realized  by  the  following  case: 
A  patient  presenting  a  small  ulcer  on  the  tongue  was  admitted  to  the 
Jefferson  Hospital,  and  the  attending  surgeon  decided  to  subject  a 
fragment  to  microscopic  examination.  The  tongue  was  held  and 
scissors  applied  for  removal  of  a  small  piece,  but  an  unexpected  move- 
ment of  the  patient  resulted  in  the  excision  of  nearly  the  entire  ulcer — 
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about  1  cm.  in  diameter.  As  is  usual,  the  entire  mass  was  cut  in  serial 
sections  and  every  tenth  to  fiftieth  section  mounted  and  stained;  one 
side  of  the  ulcer  was  clearly  cancerous,  the  other  margin  showed  no 
evidence  of  malignancy.  A  small  fragment  or  less  complete  examina- 
tion might  easily  have  led  to  a  wholly  erroneous  diagnosis.  Uterine 
curetings  are  most  troublesome  in  this  regard. 

It  is  also  important  that  the  sections  be  cut  in  such  a  plane  as  will 
best  disclose  the  pathologic  condition,  and  especially,  where  possible, 
its  relation  to  contiguous  normal  or  but  slightly  altered  tissue.  For 
this  reason  the  fragment  should  be  handled  by  some  one  familiar  with 
its  surfaces,  or,  to  use  the  proper  technical  term,  one  able  to  orient  the 
tissue  and  obtain  sections  in  the  most  desirable  plane;  in  all  cases  this 
is  advisable,  in  some  not  necessary,  and  in  others  impossible.  Whenever 
possible  the  specimen  should  be  sent  to  the  laboratory  immediately 
after  removal  and  without  treatment  or  handling.  Small  fragments 
should  be  forwarded  in  glass  containers  and  not  wrapped  in  gauze, 
cotton,  or  other  material  in  which  they  are  readily  crushed,  to  which 
they  adhere  tenaciously,  or  are  in  other  ways  injured.  Larger  speci- 
mens may  be  wrapped  in  sterile  gauze.  When  immediate  delivery  at 
the  laboratory  is  not  possible,  the  specimen  may  be  placed  in  a  solu- 
tion composed  of  commercial  formalin,  10  parts,  and  water,  90  parts, 
in  which  fluid  it  may  remain  for  a  number  of  days  without  injury. 
When  in  doubt  regarding  the  nature  and  extent  of  the  investigation 
necessary,  and  circumstances  are  such  that  the  specimen  cannot  be 
delivered  to  the  pathologist  at  once,  the  surgeon  should  learn  in  advance 
exactly  what  fixing  agent  is  to  be  used. 

Having  obtained  the  fragment  of  tissue  and  knowing  the  importance 
of  an  early  report,  what  method  should  be  selected?  After  a  long 
experience  with  freezing  methods  I  think  they  may  be  condemned  for 
this  purpose,  especially  when,  under  proper  conditions,  paraffin  may 
be  satisfactorily  used.  Fix  the  fragment  in  a  saturated  solution  of 
corrosive  sublimate  in  alcohol  for  one  hour;  transfer  for  the  same  period 
to  each  of  the  following,  in  the  order  named:  (1)  Absolute  alcohol;  (2) 
absolute  alcohol  and  xylol,  equal  parts;  (3)  xylol;  (4)  paraffin  at  50 °C; 
(5)  second  paraffin  at  50°  C;  cast  and  ice;  immediately  section,  mount, 
and  stain.  If  the  fragment  be  small,  all  the  sections  may  be  mounted; 
if  large,  every  tenth  or  twentieth  section  is  selected,  and  in  either  case 
a  full  view  of  the  tissue  is  obtained,  the  entire  process  occupying  not 
more  than  six  to  eight  hours.27  For  this  work  I  wish  especially  to 
accentuate  the  value  of  serial  sections:  a  large  number  may  be  more 
fully  studied;  different  stains  applied;  bacteria  sought,  and  the  frag- 
ment so  built  up  in  the  observer's  eye  that  the  possibilities  of  a  correct 
diagnosis  are  greatest  and  the  opportunity  for  misinterpretation  reduced 
to  a  minimum. 

Freezing  methods  have  been  strongly  urged  as  applicable  for  imme- 
diate diagnosis  of  excised  specimens  and  for  diagnostic  aid  at  operation. 
Since  Cullen's  paper,2*  the  most  important  methods  described  are  those 
■of  Cullen   modified   by  Hodenpyl,20  and   the  older  freezing   method 
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recently  advocated  by  Shaw30  for  rapid  work,  and  the  somewhat  slower 
but  far  superior  technic  advised  by  Wright.31  The  methods  used  by 
Gutmann,32  Stein,33  Pick,34  and  Kent35  are  preferred  by  some.  A  good 
freezing  microtome — Bardeen's  is  best — and  some  experience  in  its  use 
are  necessary;  the  freezing  may  be  accomplished  by  ether,  rhigolene, 
liquefied  carbonic  acid  gas,  or,  as  recommended  by  Cattell,36  ethyl  or 
methyl  chlorid.  A  few  minutes'  submersion  in  10  per  cent,  aqueous 
solution  of  formalin  is  very  helpful ;  if  the  specimen  is  to  be  taken  from 
the  operating-room  to  the  laboratory,  it  may  be  kept  in  the  formalin 
during  the  time  necessary  for  its  transportation;  even  in  this  brief  period 
some  fixation  and  hardening  are  possible.  A  drop  of  a  syrupy  solution 
of  gum  arabic  is  placed  on  the  microtome  drum,  and  in  this  the  frag- 
ment of  tissue  is  oriented ;  freeze  and  cut,  and  transfer  sections  to  a  dish 
of  cold  water  in  which  they  are  separated.  A  selected  section  is  dipped 
in  alcohol  and  at  once  transferred  to  a  dish  of  cold  water,  in  which  it 
floats  and  flattens  out.  A  slide  is  dipped  under  the  section,  thereby 
lifting  it  out  of  the  water,  the  excess  of  which  is  removed  by  bibulous 
paper  or  cloth.  Hematoxylin  and  eosin  may  be  used,  but  require  more 
time  than  methylene-blue,  as  recommended  by  Shaw. 

For  diagnostic  purposes  the  freezing  method  cannot  be  considered 
satisfactory,  and  is  far  inferior  to  the  serial  sections  recommended  above. 
I  know  of  a  number  of  instances  in  which  calamitous  results  followed 
the  acceptance  of  such  hurried  diagnoses  at  operation.  In  spite  of  these 
sources  of  error,  however,  many  surgeons,  recently  Lockwood37  espe- 
cially, regard  the  freezing  method  as  decidedly  helpful. 

Urine,  pus,  exudates,  and  similar  liquids  should  be  sent  to  the  labora- 
tory fresh,  or,  if  some  hours  must  elapse,  the  container  should  be  placed 
in  ice.  If  cultures  or  inoculations  are  to  be  made,  no  antiseptic  is  per- 
missible, and  if  chemical  examination  is  desired,  most  preservatives  are 
possible  sources  of  error.  Ogden38  concludes  that  the  best  preservative 
for  urine  is  boric  acid,  in  the  proportion  of  five  grains  to  the  ounce; 
one  drop  of  formalin  to  four  ounces  of  urine  may  be  tried;  larger  quan- 
tities are  not  permissible. 

The  Definitive  Preservation  of  Specimens  for  Museum  and 
Teaching  Purposes. — Specimens  intended  for  permanent  prepara- 
tions should  be  sent  to  the  laboratory  at  once;  icing,  refrigeration,  or 
preliminary  treatment  of  any  kind  is  to  be  avoided.  Immediately 
upon  delivery  the  specimen  is  arranged  just  as  it  is  desired  to  be 
exhibited;  the  surfaces  are  then  gently  washed  to  remove  adhering 
blood,  but  must  not  be  water-soaked.  The  entire  mass  is  immersed  in 
a  fixing  solution  having  the  following  composition: 

Formalin  (any  40  per  cent,  aqueous  solution  of  formalde- 

hyd  gas  serves  equally  well) 250  cc. 

Potassium  nitrate 10  " 

Potassium  acetate 30  gm. 

Water 1000  cc. 

After  from  one  to  twenty-four  hours,  depending  upon  the  size 
and  especially  its  thickness,  the  specimen  is  transferred  to  a  fresh 
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solution  of  the  same  composition,  in  which  it  is  left  for  an  equal  period 
of  time.  The  fixation  fluid  is  removed  by  washing  in  running  water, 
or  by  several  changes  of  water,  for  fifteen  to  thirty  minutes,  and  is  then 
developed  by  passing  through  two  changes  of  alcohol.  As  soon  as 
the  color  lost  during  the  fixation  is  fully  restored,  the  mount  is  removed 
from  the  alcohol,  mopped  with  a  towel,  and  placed  in  a  final  preservative 
composed  of  acetate  of  potassium  200  gm.,  glycerin  400  cc,  and  water 
2000  cc.  As  prolonged  immersion  in  any  solution  exerts  a  bleaching 
action,  and  as  Littlejohn30  has  shown  that  satisfactory  preservation  in 
air-tight  containers  is  possible,  the  specimen  may  be  placed  in  a  jar 
and  accurately  sealed;  aside  from  the  condensation  on  the  inside  of 
the  jar  and  the  difficulty  in  retaining  an  air-tight  seal,  this  method  is 
fairly  satisfactory.  The  best  results  are  obtained  by  permanently 
mounting  in  rectangular  jars  in  a  medium  composed  of  the  final  pre- 
servative mentioned  above,  rendered  solidifiable  by  the  addition  of 
10  per  cent,  gelatin.  As  gelatin  liquefies  at  comparatively  low  tem- 
peratures, it  is  necessary  to  add,  immediately  before  use,  0.75  cc.  of 
formalin  to  each  100  cc.  of  this  mixture.  The  details  of  the  method 
just  given  I  have  published  elsewhere.40 

Rowntree,41  after  trimming  and  arranging  the  specimen,  fixes  it  in  a 
fluid  having  the  following  composition: 

Sodium  sulphate 20  gm. 

Sodium  chloric! 10    " 

Magnesium  sulphate 20    " 

Formalin 50  cc. 

Water to  make  1000  " 

It  is  applied  in  practically  the  same  manner  as  the  fixation  fluid 
mentioned  above.  For  developing  he  uses  methylated  spirit  diluted 
one-half  with  water  during  the  first  twelve  to  twenty-four  hours,  and 
later,  for  an  approximately  corresponding  period,  full  strength.  The 
specimen  is  then  transferred  to  a  solution  consisting  of  sodium  acetate, 
20  gm.;  glycerin,  500  cc;  water,  500  cc,  in  which  it  remains  two  to 
three  days,  followed  by  pure  glycerin  for  forty-eight  to  seventy-two 
hours,  and  finally  is  placed  in  paraffin  oil,  the  liquid  paraffin  of  the 
British  Pharmacopeia.  Dr.  Howard  T.  Karsner  exhibited  at  the  Phila- 
delphia Pathological  Society  a  number  of  specimens  prepared  by  this 
method.  For  the  final  preservative  he  uses  an  exceptionally  clear 
paraffin  oil  called  glycerinum  petrae.  The  oil,  like  gelatinized  solid 
media,  does  not  extract  the  color  and  is  much  clearer;  it  appears, 
therefore,  to  have  some  advantages. 
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CHAPTER  LXXXVL 
THE  SURGICAL  ORGANIZATION  OF  A  HOSPITAL. 

By  Albert  J.  Ochsner,  M.  D., 


Most  surgical  departments  of  hospitals  at  the  present  time  must 
be  organized  with  a  view  to  supplying  proper  facilities  for  performing 
many  varieties  of  surgical  work  by  a  number  of  relatively  independent 
surgeons  who  are  active  in  the  same  institution.  The  best  possible 
organization  under  such  conditions  must  be  exceedingly  bad,  because 
of  the  fact  that  there  cannot  be  any  individual  system  developed  which 
will  be  acceptable  to  every  one  whose  position  entitles  him  to  equality 
as  regards  authority.  More  than  95  per  cent,  of  all  hospitals,  with  the 
exception  of  private  enterprises  in  English-speaking  countries,  are 
organized  upon  this  plan  of  having  a  large  surgical  staff  without  an 
active  head,  hence  it  will  be  necessary  to  plan  the  organization  on  this 
basis. 

The  Visiting  Staff  and  their  Assistants,— The  visiting  staff  of 
a  hospital  containing  not  more  than  four  hundred  surgical  beds 
should  never  consist  of  more  than  four  attending  or  visiting  surgeons, 
in  order  that  the  patients  may  be  directly  under  the  care  of  men  who 
have  a  sufficient  amount  of  work  in  the  institution  to  make  it  worth 
while  to  take  a  desirable  amount  of  responsibility.  If  each  surgeon's 
division  contains  more  than  thirty  beds,  it  is  well  to  conduct  it  as  a 
separate  unit,  with  a  separate  assistant  visiting  surgeon  and  a  separate 
resident  surgeon  for  each  unit,  because  this  number  of  patients  is 
sufficient  to  keep  one  resident  surgeon  reasonably  engaged,  and  by 
making  a  separate  department,  there  is  a  possibility  of  thorough  sys- 
tematizing. 

The  department  should  be  organized  as  follows;  one  visiting  surgeon; 
one  assistant  visiting  surgeon;  one  resident  surgeon  for  every  thirty  to 
fifty  beds  in  the  department.  If  the  hospital  is  only  large  enough  for 
one  resident,  his  term  of  service  may  be  for  any  desired  time  not  to 
exceed  three  years.  In  case  there  are  two,  it  is  most  convenient  to  have 
the  service  arranged  for  one  year  with  a  senior  and  junior  service,  a 
new  resident  surgeon  coming  on  duty  every  six  months.  It  will  be 
equally  convenient  to  have  a  longer  service,  one-half  being  given  to 
junior,  the  other  half  to  senior  work.  If  three  residents  are  required, 
it  is  well  to  arrange  the  service  for  eighteen  months,  with  one  new 
resident  surgeon  going  on  duty  every  six  months. 
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The  service  of  members  of  the  visiting  staff  should  be  continuous, 
in  order  that  a  uniform  system  may  be  developed.  During  the  vaca- 
tions of  the  visiting  surgeon,  the  assistant  visiting  surgeon  will  naturally 
continue  the  system  of  his  chief,  so  that  there  will  be  no  interruption 
in  the  development. 

In  each  department  the  responsibility  should  rest  on  the  visiting 
surgeon,  who  should  personally  visit  every  patient  three  times  each 
week  at  least,  and  should  invariably  examine  every  patient  within 
forty-eight  hours  after  admission,  and  as  much  earlier  as  possible. 
Either  he  or  the  assistant  visiting  surgeon  should  personally  examine 
every  patient  who  enters  the  hospital  seriously  ill  at  once  upon  admis- 
sion and  before  an  operation  is  performed  or  active  treatment  is  begun. 
In  case  neither  of  these  surgeons  is  obtainable,  then  a  visiting  surgeon 
from  another  department  should  be  called,  who  should  take  charge  of 
the  case  temporarily  in  case  an  immediate  operation  must  not  be 
performed.  In  case  an  immediate  operation  is  indicated  by  the  existing 
condition,  then  the  patient  should  remain  permanently  under  the  care 
of  the  surgeon  performing  the  operation,  in  order  to  make  the  after- 
treatment  accord  with  the  conditions  required,  as  indicated  by  the  con- 
ditions found  and  corrected  at  the  time  of  the  operation. 

It  is  important  that  these  cases  receive  the  personal  attention  at 
once  of  surgeons  of  experience,  instead  of  being  left  during  this  critical 
period  in  the  hands  of  inexperienced  house  officers.  At  this  point  it 
is  well  to  state  that  the  latter  will  profit  much  more  by  assisting  their 
chiefs  in  treating  these  serious  cases  than  if  they  were  to  undertake  the 
treatment  independently. 

In  order  that  this  duty  of  visiting  the  serious  cases  personally  may 
not  become  too  burdensome  to  the  members  of  the  visiting  staff,  the 
following  system  has  been  employed  with  great  benefit. 

If  there  are  four  visiting  surgeons,  one  treats  all  cases  that  come  to 
the  hospital  directly,  i.  e.,  without  being  referred  to  the  service  of  any 
particular  surgeon,  which  are  admitted  from  the  first  to  the  seventh  of 
each  month  inclusively.  The  second  surgeon  treats  all  that  are  admitted 
from  the  eighth  to  the  fifteenth  inclusive.  The  third  treats  those  that 
are  admitted  from  the  sixteenth  to  the  twenty-second  inclusive,  and 
the  fourth  surgeon  those  admitted  from  the  twenty-third  to  the  end  of 
the  month. 

If  the  staff  contains  three  surgeons,  then  the  periods  are  from  the 
first  to  the  tenth  inclusive;  from  the  eleventh  to  the  twentieth  inclusive; 
from  the  twenty-first  to  the  end  of  the  month  inclusive. 

If  there  are  but  two  members  of  the  surgical  visiting  staff,  then  the 
period  should  be  during  the  first  and  second  half  of  each  month. 

Each  surgeon  can  then  be  prepared  to  respond  to  emergency  calls 
during  his  active  period.  He  can  arrange  his  other  work  accordingly. 
During  the  time  he  is  not  on  active  duty  he  can  complete  the  treatment 
of  the  cases  admitted  during  his  active  period.  He  can  operate  on  the 
cases  referred  to  him  personally  and  those  sent  to  the  hospital  by 
himself.     This  plan  greatly  reduces  the  wear  and  tear,  and  still  the 
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service  remains  continuous  and  enables  the  surgeon  to  establish  a  reason- 
able system,  and  at  the  same  time  the  patients  can  be  certain  of  com- 
petent care.  At  this  point  it  may  be  well  to  state  that  many  surgical 
hospitals  or  surgical  departments  of  general  hospitals  suffer  greatly 
from  the  fact  that  a  great  proportion  of  all  acute,  and  especially  of  all 
emergency,  cases  are  first  placed  under  the  care  of  inexperienced  house 
officers,  and  that  in  many  instances  the  most  important  work  of  making 
a  diagnosis  is  left  to  these  young  men  of  considerable  learning,  little 
knowledge,  very  slight  experience,  and  scarcely  any  wisdom. 

Every  patient,  whether  he  enter  as  an  emergency  case,  suffering  from 
an  acute  or  from  a  chronic  disease,  should  have  the  benefit  of  an  inde- 
pendent, unbiased  physical  examination  by  the  visiting  surgeon.  In 
order  that  this  may  not  make  the  service  of  the  resident  staff  unattrac- 
tive, it  is  well  to  have  the  admission  of  every  patient  at  once  reported 
to  the  senior  member  of  the  resident  staff,  whose  duty  it  is  to  visit  the 
patient  immediately,  write  a  careful  history,  make  a  systematic  general 
and  special  examination,  and  make  a  diagnosis,  which  is  recorded,  not 
on  the  history  sheet,  but  in  a  private  record  kept  by  the  resident,  in 
which  he  places,  opposite  the  number  of  the  patient's  history,  his  own 
diagnosis,  and,  later,  the  diagnosis  of  the  visiting  surgeon,  and  still 
later  the  final  diagnosis  as  completed  during  further  observation,  at  the 
operation  or  at  the  necropsy. 

This  plan  would  eliminate  errors  in  diagnosis  to  a  very  great  extent, 
because  the  examination  must  then  be  independent  and  thorough, 
both  by  the  chief  and  by  his  assistant,  because  anything  which  either 
may  overlook  will  become  a  matter  of  record,  and  neither  the  chief  nor 
his  assistant  can  afford  to  have  a  record  of  an  undue  number  of  errors 
in  diagnosis.  Moreover,  a  reputation  for  careful  examinations  and 
accurate  diagnosis  is  an  important  element  in  the  successful  organization 
of  a  surgical  hospital,  because  the  diagnosis  is  usually  confirmed  or 
disproved  by  the  operation,  while  in  the  department  of  internal  medicine 
this  can  be  done  positively,  as  a  rule,  only  in  cases  which  later  come  to 
necropsy. 

In  connection  with  the  discussion  of  the  care  of  surgical  emergencies 
it  should  be  stated  that  the  hours  of  duty  of  the  house  staff  must  be  so 
arranged  that  there  is  always  some  one  prepared  to  answer  an 'emer- 
gency call,  either  in  connection  with  patients  that  are  already  in  the 
hospital  or  those  that  are  to  be  admitted. 

In  every  case  the  senior  member  of  the  house  staff  should  care  for 
the  immediate  wants  of  the  emergency  cases,  and  in  his  absence  from 
the  hospital  the  one  next  in  order  as  regards  the  period  of  service. 

Each  resident  should  spend  one  hour  a  day  out-of-doors,  and  it  is 
well  to  have  a  regular  schedule  of  evenings  off  duty,  but  the  service 
is  much  better  if  too  few  evenings  are  granted  than  if  these  are  too 
numerous. 

If  the  members  of  the  resident  staff  are  given  too  much  time  off 
duty,  they  soon  acquire  outside  interests  and  cease  to  carry  a  due 
amount  of  responsibility  concerning  their  patients  in  the  hospital. 
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In  case  an  emergency  or  a  serious  operation  occurs  just  before  it  is 
time  for  a  member  of  the  resident  staff  to  be  off  duty,  his  personal  or 
social  engagements  should  not  interfere  with  the  best  interests  of  the 
patient.  If  his  junior  cannot  perform  the  necessary  work  as  well,  then 
the  social  engagement  should  be  abandoned  and  the  patient  cared  for 
precisely  as  would  be  the  case  were  the  assistant  in  private  practice 
and  the  patient  his  personal  patient. 

A  bulletin  board  should  be  provided  at  a  convenient  point,  with  a 
sliding  register  indicating  which  members  of  the  house  staff  are  in  and 
which  out,  and  a  record  should  be  kept  by  the  clerk  in  the  office  indica- 
ting the  time  of  departure  and  the  time  of  return.  Before  leaving 
the  hospital  the  senior  assistant  should  inform  the  junior,  and  vice 
versi.  Such  a  system  does  not  involve  much  trouble,  and  it  is  of 
great  benefit  to  the  service. 

Methods  of  Electing  Members  of  the  Surgical  Staff. — The  most 
satisfactory  results  can  be  obtained  if  the  plan  is  followed  which  has 
been  employed  in  the  large  hospitals  connected  with  university  clinics 
in  most  of  the  countries  in  continental  Europe.  When  a  vacancy  occurs 
in  the  head  of  a  department,  the  other  heads  of  the  departments  recom- 
mend to  the  governing  board  two  or  three  names  of  men  whose  eminence 
has  been  thoroughly  established  by  their  scientific  research  and  clinical 
work  as  assistants  to  great  masters,  under  whose  direction  they  have 
served  at  least  five,  and  often  as  long  as  ten,  years.  These  names  are 
presented  as  first,  second,  and  third  choice.  The  governing  body 
usually  selects  the  first  choice,  but  may  select  either  of  the  other  two 
candidates. 

The  result  of  this  system  insures  for  the  head  of  the  department 
a  man  of  undoubted  ability. 

He  then  proceeds  to  organize  the  staff  of  his  department  according 
to  his  own  ideas,  selecting  his  own  chief  assistant,  and,  with  his  aid, 
the  remaining  members  of  his  staff.  He  himself  has  been  selected 
because  of  his  especial  qualifications,  and  must  necessarily  inspire  his 
assistants  with  the  same  spirit  and  desire  for  attaining  excellence. 

In  our  system  he  would  occupy  the  position  of  visiting  surgeon, 
who  would  control  the  entire  surgical  department  in  a  hospital  of 
moderate  size,  or  he  might  control  only  a  definite  portion  of  the  surgical 
department  of  a  larger  hospital. 

The  assistant  visiting  surgeon  would  occupy  the  position  of  the 
first  assistant  in  a  German  clinic.  He  should  consequently  be  a  surgeon 
with  from  three  to  five  years7  practical  experience  as  assistant  in  an 
inferior  position. 

The  resident  surgeons  would  correspond  to  the  third,  fourth,  fifth, 
etc.,  assistants  in  European  clinics. 

Methods  of  Election  of  Residents. — In  the  election  of  resident  sur- 
geon there  should  be  an  educational  qualification  required  for  eligibility: 

1.  The  applicant  must  be  a  graduate  from  some  recognized  medical 
school,  and  he  must  have  passed  the  State  examination,  which  wall 
entitle  him  to  practice  medicine  and  surgery. 
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2.  He  must  be  of  good  moral  character. 

3.  He  must  establish  his  practical  fitness  for  the  position. 

Too  much  importance  cannot  be  laid  upon  this  point,  because 
without  it  the  service  is  sure  to  suffer  severely  sooner  or  later.  .  A  good 
method  for  establishing  practical  fitness  for  the  work  consists  in  choosing 
members  of  the  resident  staff  from  persons  who  have  served  for  a  period 
of  three  to  six  months  in  the  capacity  of  externes.  In  this  way  only 
those  whose  service  has  proved  their  qualification  can  hope  to  receive 
appointment  as  residents,  and  this  in  turn  serves  the  purpose  of  greatly 
improving  the  externe  service. 

In  the  future  there  must  be  developed  more  and  more  a  tendency 
toward  the  organization  of  hospitals  of  moderate  size  in  every  city 
and  town.  In  these  institutions  there  will  probably  be  from  thirty 
to  one  hundred,  or,  at  most,  one  hundred  and  fifty  surgical  beds.  The 
following  diagram  of  authority  will  represent  the  ideal  organization 
of  the  surgical  staff  of  such  a  hospital: 

1.  Visiting  surgeon — in  control  of  the  entire  department:  con- 
tinuous service;  period  of  service  not  to  exceed  twenty-five  years. 

2.  Assistant  visiting  surgeon — in  control  of  entire  department 
during  vacation  of  visiting  surgeon.  First  assistant  in  all  important 
operations.  In  charge  of  night  work  and  emergency  cases  when  the 
visiting  surgeon  is  not  available.  Continuous  service.  Period  of 
service  not  less  than  five  nor  more  than  ten  years,  appointed  by  visiting 
surgeon.  Qualifications:  must  have  served  as  externe  and  as  resident 
surgeon. 

3.  Resident  surgeon — one  for  every  thirty  patients:  serves  as 
second  assistant  for  a  period  not  less  than  one  and  one-half  nor  more 
than  three  years. 

If  the  service  contains  more  than  fifty  beds,  there  should  be  a  first 
and  second  resident,  etc.,  the  service  being  divided  into  as  many  portions 
as  there  are  resident  surgeons,  and  with  the  completion  of  the  service 
of  the  first  resident  surgeon,  the  second  should  he  advanced  to  the 
vacant  place  and  the  third  to  the  second,  etc.,  and  the  vacancy  in  the 
lowest  service  should  be  filled  by  a  newly  appointed  man. 

These  residents .  should  be  responsible  to  the  assistant  visiting 
surgeon,  and  through  him  to  the  visiting  surgeon. 

Qualifications. — These  men  should  be  graduates  in  medicine  from 
some  recognized  medical  college.  They  should  have  successfully 
passed  the  State  Board  of  medical  examiners.  They  should  have 
served  satisfactorily  in  the  capacity  of  externes  for  a  period  of  at  least 
three  months,  and,  better,  six  months.  They  should  receive  their 
appointment  from  the  visiting  surgeon,  who  should  take  the  advice  of 
the  assistant  visiting  surgeon,  based  upon  his  observation  concerning 
the  quality  of  service  rendered  during  the  period  of  probation  in  the 
capacity  of  externe.  The  positions  of  externes  may  properly  be  filled 
by  competitive  examination. 

The  duties  of  the  resident  surgeon  should  be  those  of  second,  third, 
fourth,  etc.,   assistants.     They  should  carefully  record  the  histories, 
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make  careful  examinations  of  the  urine,  blood,  excreta;  assist  in  the 
preparation  of  patients  for  operation.  Assist  in  operations  and  dressing 
of  patients  after  operations.  They  should  carry  out  the  after-treatment 
under  the  direction  of  the  assistant  visiting  surgeon. 

4.  Externes — each  resident  surgeon  should  have  one  or  two  assist- 
ants, serving  for  a  period  of  three,  four,  or  six  months.  These  young 
men  should  be  recent  graduates  or  senior  students  in  some  recognized 
medical  school.  They  should  serve  as  clinical  assistants  to  the  resident 
surgeons,  without  responsibility.  They  should  not  be  permitted  to 
administer  any  treatment  independently. 

This  general  plan  must  result  in  as  nearly  a  perfect  organization  as 
is  possible  under  any  given  condition,  because  it  contains  all  the  elements 
which  are  employed  in  other  successful  human  undertakings.  The 
supply  for  recruiting  the  externes  always  exceeds  the  demand, 
and  from  these  in  turn  the  vacancies  which  occur  in  the  resident  staff 
can  be  satisfactorily  filled.  Among  the  relatively  large  number  of 
residents,  one  is  sure  to  find  an  extraordinarily  capable  man  once  every 
five  to  ten  years  to  take  the  place  of  the  assistant  visiting  surgeon,  who, 
in  turn,  becomes  the  visiting  surgeon  in  some  other  institution. 

If  there  is  an  out-patient  department,  this  may  be  placed  under  the 
care  of  the  assistant  visiting  surgeon,  who  may  choose  his  assistants 
from  the  resident  and  externe  staff.  This  makes  the  out-patient  depart- 
ment permanently  subordinate  to  the  hospital  proper. 

Hospital  Conveniences. — It  is  important  not  to  overlook  certain 
elements  which  have  an  important  bearing  upon  the  surgical  organiza- 
tion of  hospitals,  which  in  themselves  really  belong  to  the  general 
administration  and  construction  of  hospitals.  The  element  of  com- 
petition has  come  to  be  of  great  importance  in  the  successful  organization. 

In  order  to  secure  a  satisfactory  organization,  the  hospital  must 
furnish  suitable  facilities  and  conveniences  at  an  expense  which  will 
make  the  service  available  especially  to  the  very  large  middle  class  of 
the  population,  which  is  the  most  important  class  to  be  considered,  not 
only  because  of  its  numeric  significance  but  also  because  the  world's 
work  is  done  by  this  class,  and  because  the  surgeon's  income  depends 
upon  this  class. 

In  order  to  accomplish  this  end,  the  hospital  should  be  so  planned 
that  the  greatest  amount  and  the  best  quality  of  surgical  care  and 
comfort  can  be  given  to  the  greatest  number  of  surgical  patients  with 
the  smallest  expenditure  of  money.  In  order  that  this  may  be  accom- 
plished, the  hospital  should  be  planned  in  a  concentrated  form,  every 
portion  of  which  has  been  carefully  considered  with  the  view  of  securing 
the  conditions  just  mentioned. 

The  institution  should  contain  all  the  utilities  required,  but  they 
should  be  so  arranged  as  to  secure  the  greatest  possible  amount  of 
service  in  the  smallest  possible  amount  of  space. 

In  comparing  the  various  existing  hospitals  in  this  country,  statistics 
show  that  for  conveniences  that  are  approximately  equal  there  is  a 
very  marked  difference  in  the  initial  expenditure  of  money. 
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The  two  extremes  may  be  found  in  two  institutions  which  have  been 
completed  very  recently,  each  containing  every  convenience  and 
comfort  that  can  be  desired,  both  being  constructed  so  as  to  be  fireproof 


Fiq.  544. — Typical  Floor  for  a  Many-storied  Hospital. 

in  every  detail,  except  doors  and  floors  and  window-frames,  which  need 
not  be  fireproof,  from  the  point  of  safety.  In  both  cases  every  room 
and  ward  has  windows  exposed  to  sunlight.  In  fact,  any  surgeon 
examining  either  institution  would  consider  every  detail  in  itself  as 
vol.  v — 77 
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nearly  perfect  as  one  might  wish.  Each  of  these  two  institutions 
accommodates  sixty  patients.  There  is,  however,  this  difference: 
one  was  constructed  at  an  expense  of  $48,000,  while  the  other  cost 
$1,000,000,  or  a  little  over  twenty  times  the  first  amount.  In  one 
case  it  costs  $800  to  house  each  patient;  in  the  other  case,  $16,000. 

.  This  has  an  important  bearing  upon  the  subject,  because  an  appre- 
ciation of  these  facts  will  make  the  surgical  organization  of  a  hospital 
possible  in  any  town  or  city  in  this  country. 

In  order  to  secure  an  economic,  convenient,  and  efficient  form  of 
construction,  it  is  well  to  adhere  to  the  principle  contained  in  the 
accompanying  figures,  representing  hospital  plans,  which  will  admit  of 
indefinite  expansion. 

It  will  be  seen,  from  Fig.  544,  that  this  general  plan  places  all  parts 
of  the  hospital  at  the  shortest  possible  distance  from  the  service  room, 
containing  the  diet-kitchen,  medicine  closet,  ice-box,  etc.  It  also  places 
the  general  bathroom  conveniently.  The  elevator  is  centrally  located 
in  a  compartment  entirely  away  from  the  hall,  so  that  it  causes  no 
disturbance,  and  as  this  space  is  separated  from  the  general  hall,  each 
floor  is  a  unit  in  itself.  This  is  a  very  important  matter,  especially 
if  several  surgeons  are  active  in  the  same  institution,  because  it  is 
possible  in  this  way  to  group  the  patients  of  each  surgeon  on  a  different 
floor  and  thus  reduce  the  confusion  incident  to  multiple  authority  to  a 
minimum. 

If  it  seems  desirable  to  provide  baths  in  connection  with  the  rooms, 
this  can  be  accomplished  as  shown  at  a;  or  the  rooms  may  be  arranged 
without  this  convenience,  as  shown  at  b. 

Again,  if  it  seems  desirable  to  have  wards  in  place  of  private  rooms, 
the  partitions  marked  c,  d,  may  be  left  out.  The  space  occupied  by 
two  rooms  will  then  accommodate  four  ward  beds.  A  single  room  may, 
of  course,  at  any  time  be  changed  into  a  small  ward  by  the  introduction 
of  an  additional  bed. 

It  is  well,  ordinarily,  in  all  surgical  hospitals,  with  the  possible 
exception  of  the  large  municipal  institutions,  to  have  none  of  the  wards 
planned  for  more  than  six  beds,  because  of  the  greater  privacy  and 
comfort  afforded  to  the  patients;  because  it  facilitates  the  classifying 
or  grouping  of  patients  suffering  from  similar  diseases,  and  because  it 
makes  it  possible  to  place  the  patients  belonging  to  the  various  surgeons 
in  separate  wards,  thus  preventing  unnecessary  friction. 

The  advantage  of  placing  patients  suffering  from  similar  diseases 
in  the  same  ward  is  evident;  since  their  care  and  treatment  and  diet 
must  be  similar,  there  will  be  less  jealousy  between  the  patients,  and 
the  care  of  the  assistants  and  nurses  can  be  more  readily  systematized. 

Fig.  545  represents  an  ideal  arrangement  for  the  operating  depart- 
ment for  a  surgical  hospital  of  moderate  size. 

A  study  of  this  plan,  for  which  I  am  indebted  to  Mr.  M.  J.  Sturm, 
hospital  architect,  will  show  that  it  contains  every  desirable  convenience, 
with  perfect  lighting,  without  the  sacrifice  of  an  unreasonable  amount  of 
space. 
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The  various  surgeons  can  readily  arrange  their  days  and  hours 
for  performing  operations  so  that  there  will  be  no  conflict.  In  case 
an  emergency  operation  should  occur  during  the  regular  operating 
hour  of  another  surgeon,  the  second  operating-room  can  readily  be 
utilized  for  this  purpose. 

In  case  it  should  become  necessary  to  give  an  anesthetic  to  two 
patients  at  the  same  time,  one  could  be  given  in  the  anesthetizing 
room  and  the  other  in  the  operating-room  or  in  one  of  the  recovery 
rooms. 

This  department  should  invariably  be  located  upon  the  top  floor 
of  the  building,  in  order  to  prevent  disturbance  to  the  remaining 
patients  in  the  hospital. 


Fig.  545. — Operatino  Department  kor  a  Sproical  Hobpital  of  Moderate  Sim. 


Recovery  rooms  on  this  floor  have  been  found  to  reduce  the  annoy- 
ance to  the  patients  who  are  in  the  hospital  and  have  already  been 
operated  upon,  as  well  as  to  those  that  are  waiting,  to  a  very  marked 
extent,  because  the  remaining  portion  of  the  hospital  is  kept  free  from 
the  disturbance  of  noisy  patients  recovering  from  the  anesthetics,  as 
well  as  from  the  disagreeable  odors  of  the  anesthetics. 

Operating-room. — The  accompanying  plan  (Fig.  545)  shows  in  a 
a  very  concentrated  form  every  convenience  desirable  for  the  operating 
department  for  a  hospital  containing  not  to  exceed  two  hundred  sur- 
gical beds.  For  a  very  small  hospital,  one-half  the  accommodations 
contained  in  this  plan  would  be  quite  sufficient. 
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This  plan  provides  for  a  building  extending  north  and  south,  giving 
the  operating-rooms  proper  a  superb  diffuse  north  light,  which  may 
be  further  augmented,  if  desired,  by  the  addition  of  skylights  also 
directed  entirely  toward  the  north.  All  the  other  rooms  are  supplied 
with  sunlight,  either  from  the  east  or  the  west,  except  the  anesthetizing 
rooms,  which  have  large  skylights.    . 

The  lighting  of  the  hall  is  in  no  way  impaired  by  utilizing  the  north 
end  for  a  sterilizing  room,  because  of  its  location  between  the  two 
operating-rooms,  for  here  again  a  large  skylight  can  be  employed. 

The  instrument  rooms  are  large,  well  lighted,  and  convenient. 

The  surgeons'  dressing  room,  with  toilet,  shower-baths,  and  lockers, 
as  well  as  the  nurses'  retiring  room,  are  conveniences  of  great  practical 
value. 

All  the  doors  are  double  swinging,  in  order  that  they  will  remain 
closed  and  will  permit  the  passage  of  surgeons  and  nurses  without  the 
necessity  of  being  touched  by  the  hand. 

One  of  the  most  important  features  is  the  recovery  wards,  which 
afford  more  comfort  to  the  remaining  patients  in  the  institution  than 
any  other  convenience.  At  the  same  time  the  patients  who  have  just 
been  operated  upon  profit  greatly  by  this  convenience,  because  they  can 
in  this  manner  receive  the  especial  care  they  require  from  especially 
experienced  nurses,  and  the  house  surgeons  can  conveniently  observe 
their  progress  by  visiting  this  department  repeatedly  during  the  day 
qf  the  operation.  Again,  this  department  is  entirely  isolated  from  the 
remainder  of  the  house,  not  only  by  the  fact  that  it  is  located  on  the 
top  floor,  but  by  the  addition  of  properly  placed  swinging  doors  in  the 
hall. 

Surgical  Instruments. — It  is  best  to  secure  a  supply  of  instruments 
which  will  suffice  for  performing  the  operations  required  in  the  relief 
of  the  more  common  emergencies,  but  it  is  quite  unnecessary  to  secure 
a  very  large  number  of  instruments,  and  the  expenditure  of  great  sums 
of  money  in  the  purchase  of  expensive  new  and  untried  instruments 
is  quite  unnecessary. 

There  should  be  a  fair  supply  of  the  instruments  used  in  every-day 
surgical  work,  such  as  scalpels,  scissors,  hemostatic  forceps,  dissecting 
forceps,  saws,  probes,  sounds,  tracheotomy  and  intubation  instruments, 
catheters,  retractors,  specula,  needles  and  needle-holders,  chisels  and 
curettes,  hypodermic  and  exploring  syringes.  In  case  an  additional 
instrument  is  needed,  this  can  readily  be  obtained  in  time  for  use. 

The  best  surgical  work  is  being  done  with  few  instruments.. 

At  this  point  it  may  be  well  to  direct  attention  to  two  points  in  the 
organization  of  the  surgical  service  which,  if  adhered  to,  must  result 
in  much  benefit:  First,  every  member  of  the  staff  should  adhere  abso- 
lutely to  his  schedule  regarding  operating  hours  and  visiting  hours. 
This  will  facilitate  the  entire  service  enormously,  and  it  will  reduce 
the  general  wear  and  tear  to  a  corresponding  extent.  Second,  a  register 
should  be  kept  of  appointments  for  operations  at  irregular  times,  in 
which  the  appointments  should  be  made  in  the  order  in  which  applica- 
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tion  is  made  for  permission  to  use  the  operating-rooms  outside  of 
regular  operating  hours.  Unless  this  plan  is  adhered  to,  there  is  invaria- 
bly an  endless  amount  of  confusion  in  this  department,  and  this  is 
certain  to  produce  unsatisfactory  results.  A  reasonable  time  should 
be  allowed  for  doing  the  operation  scheduled  to  begin  at  a  certain  hour. 

Any  surgeon  who  will  not  adhere  to  these  two  conditions  should 
not  be  permitted  to  remain  upon  the  staff  containing  more  than  one 
active  surgeon. 

Conferences. — In  order  that  any  surgical  organization  may  be 
successful,  it  is  absolutely  necessary  to  have  conferences  of  the  staff 
from  time  to  time,  in  order  that  unsatisfactory  conditions  existing  in 
any  individual  department  may  be  carefully  adjusted.  Much  progress 
can  be  made  in  this  manner  and  nearly  all  of  the  most  annoying  draw- 
backs can  usually  be  eliminated  in  this  way. 

Signing  of  Documents. — It  is  well  to  have  a  definite  plan  regarding 
the  signing  of  certificates  of  various  kinds,  such  as  death  certificates, 
certificates  of  personal  injury,  of  refusal  to  submit  to  operation  or 
other  form  of  treatment,  certificates  stating  the  time  the  patient  has 
been  prevented  from  performing  the  usual  work,  or  those  stating  the 
probable  time  of  his  disability  in  the  future. 

The  senior  house  surgeon  should  perform  this  service.  He  should 
always  keep  a  copy  of  the  certificate  and,  except  on  rare  occasions,  when 
a  lack  of  time  prevents  this,  he  should  read  the  certificate  to  the  visiting 
surgeon  before  delivering  it.  Although  this  consumes  a  little  time,  the 
entire  time  consumed  is  much  less  than  would  be  required  to  undo  one 
blunder  which  may  occur  if  this  precaution  is  not  systematically  carried 
out.  The  approval  of  the  visiting  surgeon  can  be  obtained  by  tele- 
phonic communication  in  case  the  document  must  be  delivered  before 
the  next  visit  of  the  visiting  surgeon  at  the  hospital. 

In  writing  histories  of  patients  who  arrive  in  the  hospital  in  a  serious 
condition,  either  as  a  result  of  a  personal  injury,  an  assault,  or  from  any 
other  cause,  it  is  most  important  that  the  house  surgeon  whose  duty 
it  is  carefully  to  take  and  record  the  history  be  impressed  with  the 
importance  of  the  utmost  accuracy.  If  the  data  must  be  supplied  by 
others,  it  is  important  to  note  their  names.  It  is  best  to  secure  the 
name  without  laying  special  stress  upon  this  fact,  and  then  to  be  careful 
to  note  the  full  name  and  address  before  dismissing  the  informant. 
A  small  proportion  of  persons  may  be  unwilling  to  be  placed  on  record 
concerning  what  they  know  regarding  such  matters  if  one  approaches 
them  in  a  formal  manner  at  once,  before  they  have  told  their  story. 
It  is  well  to  review  the  statement,  especially  in  cases  in  which  the 
condition  may  be  due  to  an  assault  or  to  criminal  negligence.  A  few 
moments  of  properly  directed  attention  at  this  time  will  frequently  be 
of  more  value  than  weeks  of  labor  later  on. 

These  statements  should,  however,  never  be  left  on  the  bedside 
history  boards,  because  great  injustice  may  result  from  leaving  such 
information  open  to  the  inspection  of  visitors. 

The  legal  chapter  (pp.  1180-1197)  will,  of  course,  deal  fully  with  ques- 
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tions  of  a  purely  legal  aspect,  like  the  procuring  of  death-bed  or  ante- 
mortem  statements. 

It  may  be  well  to  caution  surgeons  never  to  call  in  nurses  as  witnesses 
except  in  cases  in  which  this  is  done  to  protect  the  hospital  itself. 

Too  frequently  great  hardship  is  wrought  to  nurses  who  have 
innocently  witnessed  wills  or  statements,  because  they  must  later  obey 
a  subpoena  at  any  time,  without  regard  to  the  condition  of  the  patient 
they  may  be  nursing  at  the  time  their  evidence  may  be  required.  This 
may  result  in  great  harm,  not  only  to  the  nurse  but  also  the  patient. 

It  is  practically  always  possible  to  find  some  friend  of  the  patient 
who  is  willing  to  act  as  a  witness,  and  the  slight  amount  of  time  this 
consumes  amounts  to  nothing  when  compared  with  the  trouble  which 
is  caused  by  following  the  opposite  course. 

Ambulance  Duty. — Everything  pertaining  to  clothing  and  other 
objects  which  may  have  a  bearing  upon  the  circumstances  which  give 
rise  to  the  patient's  condition  should  be  carefully  noted,  although  facts 
may  later  be  produced  which  will  make  all  these  unnecessary. 

The  same  is  true  regarding  the  odor  of  the  patient's  breath  at  the 
time  of  admission. 

The  most  common  error  in  this  direction  comes  from  making  a 
diagnosis  of  acute  alcoholism  because  of  the  odor  of  whisky  upon  the 
breath  of  a  patient  brought  into  the  hospital  in  a  comatose  or  semi- 
comatose condition.  This  is  due  to  the  fact  that  it  is  a  common  practice 
of  friends  or  others  who  are  with  persons  who  are  suddenly  taken  seri- 
ously ill  to  induce  the  patient  to  swallow  some  brandy  or  whisky, 
because  they  imagine  a  stimulant  is  indicated. 

Patients  suffering  from  apoplexy,  cerebral  hemorrhage,  cerebral 
concussion  due  to  traumatism,  uremic  coma,  diabetic  coma,  illuminating 
or  coal  or  sewer-gas  poisoning,  carbolic  acid  poisoning,  or  sunstroke 
have  been  mistaken  for  cases  of  acute  alcoholism,  because  some  mis- 
guided friend  has  supplied  whisky  which  was  detected  upon  the  patient's 
breath  upon  admission  to  the  hospital.  In  order  not  to  make  these 
errors  in  diagnosis  it  is  well  invariably  to  bear  the  fact  in  mind  that  the 
breath  is  laden  with  odors  of  alcohol,  but  to  reserve  the  diagnosis  until 
all  the  other  more  common  causes  of  unconsciousness  or  semi-uncon- 
sciousness have  been  eliminated. 

Uremia. — This  can  be  most  readily  determined  by  securing  a 
specimen  of  urine,  if  need  be,  with  the  catheter,  and  examining  it 
quickly  for  albumin  and  tube-casts. 

By  adding  the  test  for  sugar,  diabetic  coma  can  at  the  same  time  be 
eliminated. 

An  ophthalmoscopic  examination  will  show  the  presence  of  an 
albuminuric  retinitis. 

Cerebral  Hemorrhage. — There  is  usually  in  this  condition  a 
difference  in  the  position  of  the  extremities  on  the  right  and  left  side 
and  a  difference  in  the  pupils.  The  arteries  are  usually  markedly 
hardened.  Many  of  these  cases  suffer  simultaneously  from  chronic 
nephritis. 


AMBULANCE    DUTY.  1223 

Apoplexy. — These  patients  have  the  appearance  of  a  distinct  class 
of  patients  in  which  this  condition  is  to  be  expected.  They  show  a 
severe  congestion  of  the  head,  and  the  sclera  show  a  marked  congestion. 
One  can  usually  elicit  a  history  from  friends  of  former  milder  attacks. 

Thrombosis  of  Cerebral  Arteries. — In  these  cases  a  difference  in 
the  pupils  is  common,  and  there  is  usually  a  distinct  cardiac  murmur, 
indicating  the  presence  of  vegetations  upon  the  valves  or  upon  the 
endocardium. 

Asphyxiation  by  Sewer-gas ;  Coal-gas  from  Furnaces  or  Coal 
Stoves;  Illuminating  Gas;  Smoke  in  Case  of  Fire  Formed  from 
Burning  Chemicals ;  from  Escaping  Steam. — In  all  these  instances 
the  surgeon  has  the  advantage  of  a  history  accompanying  the  patient, 
which  will,  of  course,  facilitate  the  diagnosis.  These  conditions  have 
been  very  perfectly  described  by  DaCosta.1 

Symptoms  of  Smoke  Asphyxia. — The  earliest  symptoms  of  smoke 
poisoning  are  a  feeling  of  suffocation,  with  ringing  in  the  ears,  nausea, 
headache,  giddiness,  and  muscular  weakness.  At  this  point  the  skin 
and  lips  are  livid,  the  eyes  red  and  watering,  the  body  and  extremities 
cold  and  moist,  and  the  pulse  very  weak  and  usually  slow.  In  slight 
cases  the  respirations  are  rapid  and  deep,  while  in  more  serious  cases 
they  are  very  rapid  and  shallow. 

In  the  more  severe  cases  the  patient  is  totally  unconscious.  The 
pulse  is  very  weak  and  fluttering,  or  may  be  imperceptible  at  the  wrist. 
The  extremities  are  very  cold.  The  pupils  are  dilated  and  fixed,  and 
there  may  be  an  absence  of  conjunctival  reflexes.  The  respirations  are 
extremely  shallow,  with  distinctly  gasping  inspirations  and  long  intervals 
between  the  respirations.  The  face  frequently  twitches,  and  the  limbs 
may  show  tremor  or  even  spasms.  The  eyes  are  prominent  and  suffused. 
The  face  and  extremities  are  cyanosed;  the  cold  cyanosed  skin  is  covered 
with  sweat.     There  is  usually  froth  about  the  mouth. 

In  the  most  severe  cases  the  respiration  has  actually  ceased,  although 
the  heart  still  beats.  In  these  cases,  besides  an  intensification  of  the 
symptoms  already  noted,  there  is  involuntary  evacuation  of  the  urine 
and  feces,  and  frequently  bleeding  from  the  nose  and  rectum. 

Treatment  of  Smoke  Asphyxia. — "  When  a  surgeon  on  the  fire  ground 
assumes  charge,  if  a  fireman  is  brought  out  of  the  burning  building 
unconscious  from  inhaling  smoke,  gas,  or  some  irritant  vapor,  he  should 
at  once  inquire  of  one  of  the  officers  of  the  fire  department  whether  the 
building  is  filled  with  pure  smoke,  or  whether  the  smoke  is  mixed  with 
illuminating  gas  or  irritating  or  poisonous  vapors,  .and  whether  the 
smoke  is  hot  or  cold.  If  it  is  at  a  fire  where  a  number  of  men  are  being 
overcome  he  should  establish  himself  in  an  adjacent  room  to  this  building, 
where  he  can  more  satisfactorily  carry  out  prompt  means  of  resuscitation. 
Finally,  each  ambulance  should  carry,  besides  the  ordinary  emergency 
supplies,  a  can  of  oxygen,  a  bottle  of  vinegar,  some  dilute  ammonia, 
and  a  number  of  mustard  plasters." 

When  a  man  is  slightly  overcome  with  smoke,  he  will  recover  with- 
out any  treatment  after  sitting  a  while  in  the  fresh  air.     His  hands 
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should  be  rubbed  and  his  face  dried.  It  is  well  to  encourage  the  patient 
to  drink  hot  water  freely  to  stimulate  the  action  of  the  kidneys  and 
to  induce  vomiting  if  possible.  Under  no  circumstances  should  whisky 
be  given  by  mouth,  as  it  prolongs  the  nausea  and  adds  to  the  giddiness 
and  headache.  If  the  circulation  is  weak  and  a  stimulant  is  needed,  a 
hypodermic  injection  of  T^  grain  of  atropin  or  fa  grain  of  strychnin 
should  be  given. 

When  a  man  is  severely  overcome  with  smoke,  he  should  be  laid 
upon  a  blanket,  and  active  treatment  should  at  once  be  instituted. 
Artificial  respiration  should  be  made  immediately,  and  should  be 
continued  until  he  breathes  properly  and  has  been  restored  to  con- 
sciousness. If  oxygen  is  at  hand,  this  should  likewise  be  administered. 
The  cold  extremities  should  be  actively  rubbed,  hypodermic  injections 
of  strychnin  or  atropin  should  be  given,  and  a  mustard  plaster  should 
be  placed  over  the  heart.  The  body  and  the  extremities  should  be 
rubbed  dry,  after  which  he  should  be  put  to  bed,  covered  with  warm 
blankets,  and  surrounded  with  hot- water  bottles.  If  the  heart  is  weak 
and  its  beats  are  irregular,  after  the  patient  has  been  placed  in  bed  in 
the  hospital  it  is  well  to  place  an  ice-water  coil  directly  over  the  heart, 
but  there  should  always  be  a  piece  of  flannel  between  the  skin  and  the 
coil,  and  the  latter  should  be  removed  if  the  temperature  becomes 
subnormal.  He  should  at  once  be  given  an  enema  of  warm  normal 
salt  solution  or  coffee.  A  hot  bath  is  a  very  efficient  remedy.  Further 
treatment  must  be  entirely  symptomatic. 

Retention  of  urine  may  require  catheterization.  Not  infrequently 
there  is  a  troublesome  conjunctivitis,  which  is  best  treated  by  means 
of  simple  wet  dressings  of  saturated  solution  of  boric  acid  in  water  or 
by  dropping  a  few  drops  of  castor  oil  into  the  eyes. 

Asphyxiation  Due  to  Illuminating  Gas. — Ordinary  smoke  prin- 
cipally tends  to  produce  asphyxia,  associated,  of  course,  with  a  degree 
of  carbon-monoxid  poisoning.  However,  the  great  majority  of  modern 
buildings  are  supplied  with  gas  for  illuminating  purposes,  and  during 
fires  the  piping  is  often  broken  by  falling  timber  or  walls,  or  in  other 
ways,  thus  adding  to  the  danger  that  of  illuminating-gas  poisoning  to 
that  of  the  ever-present  smoke.  Asphyxiation  in  which  illuminating 
gas  plays  an  important  part  is,  therefore,  of  fairly  frequent  occurrence 
at  fires.  These  cases  of  asphyxia  are  not  uncommonly  met  with  in  cases 
of  attempted  suicide.  They  are  also  quite  common  in  vicinities  in 
which  gas  is  commonly  used  as  fuel  in  dwelling-houses. 

Symptoms. — As  a  rule,  the  victims  of  gas  are  unconscious  when 
brought  from  the  burning  building,  or  they  may  lose  consciousness  even 
after  removal,  which  latter  does  not  occur  in  simple  smoke  asphyxiation. 
Likewise,  they  do  not  recover  consciousness  as  promptly  as  in  the  case 
of  simple  smoke  asphyxiation. 

The  poisonous  effects  of  illuminating  gas  are  due  to  the  combined 
effects  of  carbon-monoxid  and  certain  heavier  hydrocarbon  compounds 
(ethylene,  propylene,  butylene,  ethane,  propane,  butane,  etc.)  known  as 
illuminants.     The  toxicity  of  gases  of  different  manufacture  varies  con- 
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siderably,  water-gas  being  relatively  decidedly  more  toxic  than  coal- 
gas,  probably  due  chiefly  to  the  very  much  greater  proportion  of  carbon 
monoxid  which  it  contains. 

The  diagnosis  in  the  great  majority  of  cases  is  based  primarily  upon 
the  circumstances  under  which  the  patient  is  found,  the  presence  of  a 
strong  smell  of  illuminating  gas  removing  all  doubt  as  to  the  etiology. 
Even  after  the  removal  from  the  original  surroundings,  the  breath 
usually  has  a  strong  odor  of  gas  for  a  considerable  period  of  time. 

The  clinical  picture  is  distinctly  that  of  a  profound  intoxication, 
possibly  in  part  due  to  the  substitution  of  carbon  monoxid  in  place  of 
the  oxygen  in  the  hemoglobin  of  the  red  corpuscles,  but  undoubtedly 
chiefly  due  to  the  direct  toxic  action  of  the  carbon  monoxid  and  certain 
hydrocarbon  compounds  upon  the  cells  of  the  central  nervous  system, 
the  effects  in  some  respects  being  analogous  to  a  profound  anesthesia. 
The  only  diseases  likely  to  be  confounded  with  this  form  of  poisoning 
are  cerebral  apoplexy  and  uremic  coma.  Should  the  physician  not  see 
the  patient  until  the  odor  of  gas  has  escaped,  such  a  difficulty  might 
arise.  In  both  of  these  diseases  the  symptoms  are  fairly  constant, 
while  in  coal-gas  or  water-gas  poisoning  they  are  apt  to  fluctuate, 
the  patient  frequently  rousing  for  a  time  so  as  to  answer  questions 
intelligently,  only  again  to  lapse  into  unconsciousness,  or  he  may  be 
seized  with  convulsions. 

When  first  seen,  these  patients  are  nearly  always  comatose,  and 
usually  remain  in  this  condition  for  an  hour  or  more  after  discovery. 
Prolonged  coma,  lasting  several  days  and  followed  by  recovery,  is  not 
at  all  unusual,  and  cases  are  on  record  in  which  the  coma  has  lasted  as 
long  as  eighteen  days  before  death. 

In  addition  to  coma  there  is  almost  invariably  fever  of  an  extremely 
irregular  type,  varying  from  100°  to  104°  F.  or  even  higher.  The 
pulse-rate  is  usually  rapid,  being  seldom  below  120.  The  respirations 
are  usually  increased  to  30  or  more  a  minute,  but  in  "exceptional  cases 
may  be  decreased  to  three  to  five  beats  a  minute. 

Cyanosis  may  be  marked,  but  is  often  masked  by  the  presence  of 
the  carbon  monoxid  hemoglobinemia,  which  gives  the  skin  a  peculiar 
pinkish  hue.  During  the  stage  of  unconsciousness  there  may  be  con- 
vulsions of  greater  or  less  severity,  and  convulsive  seizures  may  persist 
for  several  days.  As  the  patient  regains  consciousness  he  may  suffer 
from  mental  weakness,  confusion  of  ideas,  and  loss  of  memory.  How- 
ever, in  the  majority  of  these  cases,  there  is  a  fairly  prompt  complete 
recovery  without  sequelae. 

Evidences  of  pulmonary  edema  are  very  frequently  present,  and 
this  complication  is  often  serious.  Death  was  said  to  be  due  directly 
to  pulmonary  edema  in  5  of  Pilcher's3  6  fatal  cases. 

Treatment. — The  treatment  must  be  the  same  in  asphyxia  from 
illuminating  gas,  whether  this  occur  during  a  fire  or  by  the  inhalation 
of  gas  from  an  open  gas-jet  or  leak  or  from  coal-gas  developed  by  a  badly 
ventilated  coal-stove  in  a  closed  room.  In  these  cases  more  than  in 
almost  any  other  it  is  of  the  greatest  importance  that  the  treatment 
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be  promptly  instituted,  vigorously  executed,  "and  persistently  main- 
tained. 

He  should  inhale  as  deeply  as  possible,  then  blow  out  forcibly  through 
a  tube  with  a  lumen  of  2  or  3  mm.  An  ordinary  goose-quill  will  serve 
the  purpose.  Then  the  patient  should  be  permitted  to  rest  for  one 
minute,  breathing  naturally  during  this  time,  when  he  should  again 
take  a  very  deep  breath  and  blow  out  through  the  same  tube.  If  he 
does  not  regain  consciousness,  a  stomach-tube  should  be  introduced 
and  the  stomach  should  be  filled  with  water  at  105°  F.,  this  water  should 
be  siphoned  out  of  the  stomach  and  fresh  water  introduced  and  again 
withdrawn  repeatedly.  The  stimulation  from  this  procedure  seems 
to  be  very  beneficial,  and  it  is  likely  that  there  is  a  considerable  amount 
of  excretion  of  waste  material  through  the  mucous  lining  of  the  stomach, 
which  is  removed  in  this  manner. 

After  completing  the  lavage,  from  two  to  four  ounces  of  castor  oil 
should  be  introduced  through  the  stomach-tube  and  left  in  the  stomach, 
in  order  to  further  facilitate  excretion. 

He  should  also  be  given  a  subcutaneous  transfusion  of  at  least  1000  ce. 
normal  salt  solution  at  a  temperature  of  100°  F.,  and  one-fourth  this 
amount  of  blood  should  be  drawn  from  a.  vein.  Direct  transfusion 
of  blood  is  probably  even  more  valuable.  Artificial  respiration 
should  be  employed,  with  short  periods  of  interruption,  until  the 
patient  breathes  fairly  normally  or  until  he  dies. 

It  should  be  borne  in  mind  that  these  cases  do  not  die  rapidly  when 
in  the  fresh  air,  but  that  they  will  certainly  live  for  some  time,  and  that 
they  may  rarely  die  at  all  from  a  brief  immersion  in  the  gaseous  atmos- 
phere. The  very  bad  cases  of  gas-poisoning  in  which  the  mortality 
is  high  are  usually  people  taken  from  rooms  in  which  they  have  been 
breathing  a  gas-laden  atmosphere  for  hours.  These  cases  should  be 
transported  to  the  hospital  at  the  earliest  possible  moment. 

Therapeutic  efforts  must  be  directed  toward  the  elimination  of  the 
toxic  agents  and  the  meeting  of  special  indications  as  they  arise. 

The  first  consideration  is  an  abundant  supply  of  good  air.  In  this 
connection  oxygen  inhalations  would  seem  to  be  indicated,  and  good 
results  from  this  measure  are  reported  by  Pilcher3  and  others.  In  cases 
in  which  the  respiratory  rate  is  markedly  decreased,  artificial  respira- 
tion should  be  especially  resorted  to  and  continued  as  long  as  necessary. 
Cases  breathing  only  two  or  three  times  a  minute  have  made  perfect 
recoveries  after  prolonged  artificial  respiration. 

The  most  effectual  way  of  combating  the  toxemia  is  undoubtedly 
by  the  free  use  of  normal  salt  solution  intravenously,  subcutaneously, 
or  by  means  of  enemas,  as  indicated  in  any  given  case.  Thompson,4 
after  analyzing  the  results  in  90  cases,  treated  chiefly  at  the  Presbyterian 
Hospital,  N.  Y.,  strongly  urges  primary  phlebotomy,  followed  by 
intravenous  injection  of  normal  salt  solution,  in  every  case  in  which  the 
patient  is  unconscious  and  the  pulse  vigorous.  He  believes  that  this 
measure  should  be  carried  out  thoroughly,  removing  from  fifteen  to 
eighteen  ounces  of  blood,  and  following  this  by  infusion  of  at  least 
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1500  cc.  of  normal  salt  solution.  This  should  be  followed  by  further 
normal  salt  solution,  given  subcutaneously  or  per  rectum. 

In  the  most  desperate  cases  it  may  be  justifiable  to  resort  to 
bleeding  and  to  the  transfusion  of  human  blood  obtained  usually  from 
some  near  relative.  It  is  claimed  that  whereas  the  infusion  of  normal 
salt  solution  brings  about  a  distinct  benefit,  the  benefit  is  likely  to  be 
but  temporary,  and  that  a  much  more  prolonged  favorable  influence  is 
obtained  by  the  infusion  of  human  blood. 

Ice-water  sponges  should  be  employed  when  the  temperature  is 
high,  in  addition  to  the  ice-water  coil  over  the  heart.  They  seem  to 
exert  a  markedly  beneficial  influence  as  cardiac  and  respiratory  stimu- 
lants, in  addition  to  the  effect  on  the  temperature. 

If  chlorin,  the  vapor  of  nitric,  hydrochloric,  or  sulphuric  acid  or 
ammonia  has  been  inhaled  to  any  extent,  the  man's  life  will  be  put  in 
deadly  peril  from  edema  of  the  glottis,  and  it  may  be  necessary  to  do 
an  immediate  tracheotomy.  It  is  needless  to  say  that  such  cases 
should  be  treated  by  artificial  respiration  and  stimulation,  as  outlined 
above,  and  removed  to  the  hospital  at  once. 

If  ammonia  vapor  has  been  inhaled,  vinegar  should  be  inhaled. 
A  few  whiffs  of  very  dilute  ammonia  should  be  given  after  the  inhalation 
of  acid  vapors,  and  in  the  case  of  CI  and  HC1  the  best  treatment  is  said 
to  be  the  inhalation  of  steam. 

If  there  has  been  exposure  to  the  fumes  of  nitric  acid,  serious  symp- 
toms may  not  develop  for  some  hours  after  the  exposure. 

Sewer-gas  Poisoning. — The  poisonous  effects  of  the  air  of  sewers, 
cess-pools,  and  privy  vaults  are  due  to  hydrogen  sulphid,  ammonium 
sulphid,  and  other  undeterminable  gases,  and  to  carbon  dioxid  and 
nitrogen.  In  many  cases  the  asphyxiation  is  due  solely  to  a  lack  of 
a  sufficient  quantity  of  oxygen,  but  the  greater  danger  is  due  to  the 
presence  of  the  poisonous  sulphids,  and  the  possibility  of  their  presence 
must  always  be  kept  in  mind. 

Symptoms. — When  the  asphyxia  is  due  entirely  to  a  lack  of  sufficient 
oxygen,  the  individual  suffers  at  first  from  a  sense  of  discomfort,  followed 
by  muscular  weakness,  nausea,  headache,  profuse  perspiration,  cyanosis, 
rapid  or  slow  pulse,  and  labored  respirations,  with,  finally,  uncon- 
sciousness and  the  development  of  anesthesia.  Respiration  may 
cease  entirely  an  appreciable  time  before  the  cessation  of  the  heart's 
action. 

Hydrogen  Sulphid  Poisoning. — When  the  gases  are  inhaled  in  a 
diluted  condition,  as  when  sewer-gas  is  inhaled,  the  condition  is  char- 
acterized by  nausea,  giddiness,  cold  skin,  labored  breathing,  irregular 
action  of  the  heart,  severe  abdominal  pains,  and,  at  times,  convulsions 
or  even  delirium,  with  death  by  coma  or  in  violent  convulsions  with 
tetany.  In  still  greater  dilutions  the  gas  is  said  to  produce  sleepiness 
and  later  coma,  death  occurring  without  the  restoration  to  conscious- 
ness. 

Treatment. — The  proper  treatment  of  these  cases  must  depend 
ultimately  upon  the  true  cause  of  the  asphyxiation.     Careful  inquiry 
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on  observation  should  be  made  as  to  the  nature  of  the  gas  inhaled, 
especially  in  regard  to  the  presence  of  poisonous  sulphid. 

In  all  cases  the  first  consideration  is  an  abundant  supply  of  oxygen 
by  inhalation.  The  patient  should  be  removed  at  once  to  where  he 
can  have  an  abundant  supply  of  fresh  air,  and  artificial  respiration 
should  be  maintained  until  the  patient  breathes  properly,  and,  if  nec- 
essary, until  he  has  regained  consciousness.  As  soon  as  the  breathing 
becomes  satisfactory,  he  should  be  wrapped  in  a  warm  blanket  and 
taken  at  once  to  the  hospital,  where,  on  admission,  he  should  be  rubbed 
dry  and  put  to  bed,  covered  with  warm  blankets,  and  surrounded  with 
hot-water  bottles. 

In  cases  of  simple  asphyxiation  an  enema  of  normal  salt  solution  or 
of  hot  coffee  should  be  given,  and,  further,  the  patient  should  be  treated 
purely  symptomatically. 

In  the  presence  of  poisoning  by  sulphids,  coma  and  other  alarming 
symptoms  are  liable  to  persist  for  some  time,  and  special  efforts  should 
be  made  to  eliminate  the  poisonous  substance  from  the  body.  The 
further  treatment  in  these  cases  should  be  carried  out  along  the  lines 
indicated  under  Illuminating-gas  Poisoning. 

Back  Draft. — When  a  building  becomes  packed  with  smoke,  this 
smoke  contains  unburned  combustible  elements,  and  a  sudden  access 
of  air  will  cause  the  smoke  to  take  fire  or  explode,  causing  the  dreaded 
and  deadly  back  draft,  which  is  responsible  for  many  deaths  among 
firemen.  A  single  inhalation  of  the  burning  vapor  may  cause  instant 
death,  and,  at  the  very  least,  one  exposed  to  "back  draft"  will  be  badly 
shocked  and  scorched,  with  immediate  danger  from  edema  of  the 
glottis,  and  for  days  will  suffer  from  burns  of  the  skin,  with  inflammation 
of  the  respiratory  passages  and  eyes. 

The  treatment  must  be  immediate,  vigorous,  and  persistent,  and 
corresponds  to  that  which  has  been  described  under  treatment  for 
asphyxia. 

In  case  of  edema  of  the  glottis  tracheotomy  must  be  performed  at 
once,  but  the  friends  of  the  patient  must  be  distinctly  told  that  this 
will  only  overcome  the  obstruction  due  to  the  edema,  and  that  it  will 
not  relieve  the  other  injuries  deeper  down  in  the  respiratory  tract. 

This  is  important  because  unreasonable  friends  and  relatives  will 
frequently  refer  the  death,  which  may  not  be  averted,  by  this  step  to 
the  operation,  instead  of  attributing  it  to  the  real  causes. 

Cases  Suffering  from  Burns. — General  Considerations. — There  are 
few  accidents  which  combine  so  many  unfavorable  elements  as  do 
burns  and  scalds.  Not  only  does  this  apply  to  the  immediate  conse- 
quences as  regards  mortality  of  the  more  severe  injuries,  but  it  applies 
likewise  to  the  late  results,  which  are  liable  to  be  bad,  owing  chiefly 
to  the  formations  of  contractures  at  the  site  of  granulating  surfaces. 

It  is  important  to  have  the  resident  staff  thoroughly  trained  to 
undertake  the  immediate  care  of  burn  cases  the  moment  they  arrive 
at  the  hospital,  or  as  soon  as  they  are  taken  in  charge  in  case  the  institu- 
tion supports  an  ambulance  service;  in  order  that  this  care  should  be 
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given  intelligently,  it  is  important  that  there  should  always  be  on  duty 
a  house  surgeon  who  has  acquired  a  sufficient  amount  of  practical 
experience  while  on  duty  as  externe  or  assistant  house  surgeon. 

In  this,  as  in  all  other,  work  it  is  of  especially  great  importance  that 
some  definite  system  be  developed  in  order  that  the  treatment  may  be 
given  promptly  and  systematically. 

Treatment. — Treatment  of  simple,  less  extensive  burns  consists 
essentially  in  efforts  to  relieve  the  pain  and  in  establishing  the  most 
fayorable  local  conditions  for  the  rapid  repair  of  the  tissue  injury,  and, 
above  all,  in  securing  the  elimination  of  poisonous  products  which 
have  accumulated  in  the  tissues  as  a  result  of  the  destruction  due  to 
the  sudden  application,  of  excessive  heat.  Pain  is  best  relieved  by  the 
application  of  some  form  of  dressing  which  will  protect  the  part  from 
exposure  to  the  air.  Strict  asepsis  is  imperative,  in  order  that  the 
processes  of  repair  can  proceed  without  the  complicating  presence  of  a 
secondary  infection. 

The  above  indications  are  met  by  the  establishment  of  strict  cleanli- 
ness and  the  application  of  mildly  antiseptic  substances,  such  as  Carron 
oil,  picric  acid,  the  various  antiseptic  powders,  zinc  oxid  ointment,  etc. 
In  the  presence  of  infection  moist  antiseptic  dressings,  such  as  satu- 
rated solution  of  boric  acid  with  the  addition  of  alcohol,  three  parts 
of  the  former  and  one  part  of  the  latter,  give  the  most  satisfactory 
results. 

Apparently,  the  best  results  have  been  obtained  in  cases  which  were 
immediately  immersed  in  a  bath  of  water  at  98°  to  100°  F.,  the  water 
being  renewed  frequently  enough  to  remain  pure.  The  entire  body 
may  be  immersed,  only  the  head  protruding.  The  body  should  be 
supported  by  a  gauze  sling,  and  the  bath-tub  should  be  covered  by  a 
thick  sheet  to  prevent  drafts.  This  treatment  can  be  improvised  in  any 
hospital  by  using  the  ordinary  bath-tubs,  or  by  using  any  one  of  the 
many  forms  of  portable  tubs  which  are  in  use,  but  it  is,  of  course,  more 
convenient  to  have  baths  especially  arranged  for  the  treatment  of  these 
cases. 

Aside  from  the  local  treatment,  cases  of  the  more  extensive  burns 
require,  during  the  first  stage,  treatment  directed  toward  combating 
the  shock.  In  this  connection  the  pain  must  be  controlled  by  the 
use  of  sufficient  quantities  of  morphin.  Normal  salt  solution  should 
be  freely  given  per  rectum  and  subcutaneously.  There  is  no  form  of 
treatment  more  useful  in  these  cases  than  the  immediate  use  of  subcutan- 
eous transfusions  of  normal  salt  solution  in  quantities  up  to  1000  cc. 
every  eight  hours  in  these  cases.  It  serves  to  supply  the  necessary 
fluid  to  fill  the  blood-vessels,  it  dilutes  and  eliminates  the  poisonous 
substances  in  the  tissues,  and  it  relieves  the  patient  from  taking  nourish- 
ment by  the  mouth  until  the  lining  of  the  alimentary  canal  has  recovered 
sufficiently  to  be  able  to  take  up,  in  part  at  least,  its  physiologic  function. 
Strychnin,  adrenalin,  and  other  stimulants  may  be  used  as  indicated. 

During  the  second  stage  meningeal  congestion  may  be  relieved 
by  the  local  application  of  cold.     Every  effort  should  be  made  to  aid 
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in  the  elimination  of  toxic  materials,  chiefly  by  the  free  use  of  water 
internally.     Other  conditions  must  be  treated  symptomatically. 

During  the  third  stage  it  is  essential  that  there  should  be  free  drainage 
and  no  absorption  from  the  suppurating  surfaces.  Liquids  should  be 
given  freely.  Nutrition  should  be  maintained  at  the  highest  possible 
level,  although  the  problem  of  nutrition  is  often  complicated  by  the 
presence  of  duodenal  ulcers  or  an  acute  enteritis.  Great  care  should  be 
taken  not  to  give  any  food  by  mouth  until  the  condition  of  the  patient 
indicates  that  food  can  be  assimilated.  If  food  is  given  before  this 
time,  it  will  decompose,  and  the  products  of  decomposition  will  be 
absorbed,  which  will  further  add  to  the  burdens  resting  upon  the  over- 
worked organs  of  elimination. 

Sudden  Insanity. — In  case  of  sudden  insanity  in  a  patient  who 
has  been  brought  to  the  hospital  for  the  treatment  of  some  other  lesion, 
the  resident  surgeon  should  first  protect  the  patient  against  the  danger 
of  suicide  during  a  paroxysm  of  mania.  This  can  be  accomplished  by 
placing  the  patient  in  a  room  with  barred  windows,  with  which  every 
hospital  should  be  provided,  or  in  an  isolation  room  similarly  arranged. 
It  is  equally  important  to  protect  the  other  patients  against  being  injured 
or  frightened  by  the  insane  patient.  This  can  be  most  readily  accom- 
plished by  placing  the  patient  in  an  isolated  room  kept  for  this  purpose, 
or  by  placing  the  patient  under  the  constant  care  of  a  special  nurse, 
who  should  never  leave  the  room  without  being  relieved  by  another 
nurse.  In  case  these  precautions  cannot  be  taken,  it  is  best  to  adjust 
a  restraining  apparatus  which  will  keep  him  comfortably  restrained  in 
his  bed  until  he  can  be  removed  to  an  asylum.  When  these  arrange- 
ments are  being  made,  the  relatives  or  friends  who  are  responsible  for 
the  patient  should  be  notified,  in  order  that  they  may  take  the  respon- 
sibility of  the  patient's  care. 

If  the  patient  has  undergone  an  operation  or  is  under  treatment 
for  fracture  or  for  any  other  injury,  steps  should  be  taken  at  once  to 
prevent  the  patient  from  doing  anything  that  might  interfere  with  the 
normal  progress  of  the  surgical  aspect  of  the  case.  It  may  be  necessary 
to  keep  the  patient  in  the  hospital  for  a  considerable  period  of  time 
until  it  will  be  safe  to  remove  him  to  an  asylum.  The  sooner  this  can 
be  done,  the  better  it  is  usually  for  the  patient  and  his  friends,  as  well  as 
for  the  surgeon  and  the  hospital,  because  of  the  better  facilities  for  treat- 
ing the  insane  in  hospitals  or  asylums  especially  organized  for  this 
purpose. 

In  Cases  of  Murder  or  Suicide. — In  cases  of  attempted  murder 
or  suicide  the  surgeon  in  attendance  is  liable  to  be  called  upon  to  give 
testimony  in  regard  to  facts  concerning  the  patient's  condition  which 
may  come  under  his  observation,  and  it  is  desirable  that  accurate  data 
regarding  all  observable  findings  should  be  kept  as  part  of  the  case 
record.  In  addition  all  data  should  be  obtained  from  the  patient  or 
others  having  a  knowledge  of  the  case  which  might  aid  the  surgeon  in 
making  a  correct  diagnosis.  In  order  to  obtain  a  correct  conception 
of  the  form  and  scope  of  this  portion  of  the  records  which  should  be 
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kept,  it  is  well  to  follow  the  principles  laid  down  in  the  legal  chapter  of 
this  work. 

Thus,  in  gunshot  injuries  it  is  important  that  one  should,  if  possible, 
learn  the  direction  from  which  the  shot  was  fired  and  also  such  data 
as  may  be  obtained  regarding  the  character  of  the  weapon,  the  caliber 
of  the  bullet,  and  the  distance  from  which  it  was  fired.  Accurate  data 
regarding  the  location  of  points  of  entrance  and  exit  of  bullet  wounds 
and  any  facts  observed  at  the  operation  should  be  incorporated  as  part 
of  the  permanent  case  record,  together  with  all  the  facts  pertaining  to 
the  operative  procedures  themselves. 

In  injuries  the  result  of  stabbing  or  cutting  or  of  blows  by  blunt 
instruments,  it  is  essential  that  a  record  be  kept  of  all  facts  which  may 
help  the  physician  to  form  a  correct  conception  of  the  nature  and  extent 
of  the  injuries,  together  with  a  record  of  the  directly  observable  data 
concerning  the  anatomic  and  clinical  features  of  the  injury.  An 
accurate  record  should  be  kept  of  all  the  steps  taken  during  any  opera- 
tive procedure,  setting  forth  every  detail.  This  should  be  written 
from  the  dictation  of  the  operator  at  the  time  of  the  operation  or 
immediately  after  its  conclusion. 

In  cases  of  poisoning  it  is  essential  that  every  means  be  exhausted 
to  ascertain  the  chemical  nature  of  the  poison  employed.  This  may 
often  be  quickly  and  certainly  accomplished  by  inquiring  for  the  bottle 
or  receptacle  from  which  the  poison  was  obtained,  and  thus  a  great  deal 
of  valuable  time  may  be  saved.  It  is,  however,  important  to  bear  in 
mind  the  fact  that  deception  is  often  practised  by  persons  who  pretend 
to  commit  suicide  for  the  purpose  of  frightening  friends  or  relatives 
by  emptying  a  bottle  containing  poison  and  leaving  the  bottle  in  a 
convenient  place,  to  be  readily  discovered  by  the  friends. 

The  stomach-contents  as  removed  by  gastric  lavage  should  be  care- 
fully saved  for  immediate  examination,  if  necessary,  and  for  subsequent 
examination,  which  may  be  required  for  medicolegal  purposes.  Addi- 
tional data  may  be  obtained  by  noticing  the  odor  of  the  breath,  stains 
of  the  mucous  membranes,  face,  or  clothing,  and  by  examination  of  the 
urine  and  at  times  the  feces. 

In  cases  received  in  an  unconscious  condition,  without  an  unmis- 
takable history  of  poisoning,  it  is  necessary  to  rule  out  such  common 
causes  of  unconsciousness  as  alcoholism,  uremia,  apoplexy,  or  concussion 
of  the  brain  due  to  falls  or  blows.  This  usually  may  be  accomplished 
by  a  careful  observation  of  the  odor  of  the  breath,  the  condition  of 
the  urine  as  regards  the  presence  of  albumin  and  casts,  the  condi- 
tion of  the  extremities  as  regards  paralyses,  and  the  condition  of  the 
pupils. 

Means  and  Methods  of  Transporting  Patients.— In  the  larger 
institutions  which  are  supplied  with  ambulance  service  the  methods  of 
transportation  must  depend  upon  the  principles  which  have  been  so 
thoroughly  established  of  late  in  connection  with  the  handling  of 
patients  in  military  service,  which  will  be  found  in  the  chapter  on  that 
subject.     In  smaller  institutions  and  in  hospitals  in  small  towns  which 


1232  THE    SURGICAL    ORGANIZATION    OP    A    HOSPITAL. 

are  unable  to  maintain  an  ambulance  service  a  most  efficient  system 
has  been  established  in  many  parts  of  this  country,  which  does  not 
involve  the  expenditure  of  money  on  part  of  the  institution  and  still 
serves  to  insure  excellent  results. 

In  every  town  there  is  some  enterprising  person  conducting  a  livery 
stable,  who  will  supply  an  ambulance  with  horses  and  driver  if  the 
hospital  will  insure  patronage  and  will  supply  the  house  surgeon  who 
is  to  accompany  the  ambulance  in  its  journey  to  the  hospital  with  the 
patient.  The  hospital  should  have  a  number  of  hampers  containing 
sterile  sheets,  towels,  blankets,  and  hot-water  bags  pinned  in  a  thick 
sterile  sheet,  and  this  in  turn  in  a  sterile  canvas  bag.  It  should  also 
keep  in  readiness  a  surgical  bag  containing  the  necessary  instruments 
for  performing  any  emergency  operation,  such  as  tracheotomy  or  intuba- 
tion. It  should  contain  hemostatic  clamps,  scalpels,  dissecting  forceps, 
catheters,  needles,  suture  material,  elastic  constrictors,  a  stomach-tube, 
and  an  abundance  of  aseptic  dressings  and  roller  bandages. 

In  handling  the  patient  especial  attention  should  be  directed  toward 
the  disease  or  injury  from  which  the  patient  to  be  transported  is  suf- 
fering. In  this  service  promptness  of  action,  attention  to  detail,  and 
gentleness  in  manipulation  are  the  important  elements,  but,  above  all 
things,  it  is  important  to  have  everything  in  readiness  at  all  times,  in 
order  that  hurried,  inadequate  preparation  may  never  be  necessary. 

With  the  use  of  proper  stretchers,  which  are  abundantly  supplied 
by  the  various  surgical  supply  houses,  it  is  possible  to  carry  a  patient 
downstairs  on  ladders  without  danger  of  causing  undue  pain  or  producing 
injuries.  It  simply  requires  some  experience  and  considerable  judg- 
ment. The  experience  should  be  acquired  by  the  resident  surgeon 
during  his  service  as  externe  or  assistant  house  surgeon. 

The  same  principles  apply  to  all  the  manipulations  which  may 
become  necessary  until  the  patient  has  been  comfortably  placed  in  bed. 

In  removing  the  clothing,  care  should  be  taken  not  to  increase  the 
existing  traumatism  in  fractures  or  contusions  especially.  In  case  of 
open  wounds,  it  is  important  to  prevent  infection  during  the  removal 
of  clothing.     The  same  is  true  in  case  of  burns  and  scalds. 

At  this  point  it  might  be  well  to  direct  attention  to  the  fact  that 
great  annoyance  may  be  caused  by  the  loss  of  articles  of  clothing  and 
valuables  belonging  to  a  patient  who  is  brought  to  the  hospital  in  an 
unconscious  condition.  All  articles  of  clothing  should  be  placed  in  an 
individual  locker,  and  a  list  of  the  various  articles  should  be  kept  in 
the  office,  a  carbon  copy  of  this  list  being  placed  in  the  locker  with  the 
articles.  All  valuables  should  be  placed  in  a  sealed  envelop  containing 
a  list  of  the  various  articles,  a  carbon  copy  of  which  should  be  kept  on 
file  in  the  office.  These  objects  should  be  delivered  only  to  authorized 
persons  who  have  been  identified,  and  who  should  give  a  receipt  for  the 
articles.  Envelops  containing  valuables  should  be  kept  in  the  vault 
or  in  a  fire-proof  safe. 

In  conclusion,  it  might  be  well  to  direct  attention  to  the  most 
important  features  to  be  attained  in  the  "  surgical  organization  of  a 
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hospital,"  if  this  is  to  be  successful  under  the  conditions  existing  at 
the  present  time: 

1.  There  must  be  as  nearly  as  possible  a  uniform  system. 

2.  This  must  be  extremely  simple. 

3.  It  must  be  sufficiently  elastic  to  allow  for  the  personal  equation, 
which  is  always  considerable  in  hospital  staffs. 

4.  It  must  provide  for  continuous  service. 

5.  It  must  establish  definite  lines  of  authority. 

6.  It  must  have  the  quality  of  permanency. 

7.  It  must  contemplate  changes  only  after  long-continued  careful 
consideration. 

8.  It  must  avoid  the  development  of  a  form  of  routine  commonly 
termed  red  tape. 

9.  It  must  supply  a  plan  by  which  those  who  are  young  in  the 
service  may  obtain  the  necessary  training  to  fill  later  the  more  respon- 
sible positions. 

10.  It  must  supply  the  best  conditions  for  the  individual  case  under 
treatment  at  any  given  time. 

11.  It  must  constantly  strive  toward  supplying  conditions  which 
will  provide  the  greatest  good  to  the  greatest  numbers. 
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Abbe's  method  of  arteriorrhaphy,  133 

of  removing  Gasserian  ganglion,  974 
Abdominal  aorta,  aneurism  of,  ligation 
in,  312,  314 
ligation  of,  704 

by  transperitoneal  method,  704 
through  retroperitoneal  approach, 
705 
Mace  wen's  method  of  compressing, 
189 
-  auscultation  in  gynecologic  examina- 
tion, 362 
hysterectomy,  542 

mensuration  in  gynecologic  examina- 
tion, 362 
palpation    in    gynecologic    examina- 
tion, 361 
percussion    in    gynecologic    examina- 
tion, 362 
pregnancy,  576 

section,  local  anesthesia  in,  1072 
wail,  operations  on,  local  anesthesia 
in,  1070 
Abdominocervical  Cesarean  section,  485 
Abdominorectal  examination,  367 
Abdominovaginal  examination,  364 
Abortion,  tubal,  576 
Abortive  hemophilia,  214 
Abscess,  epidural,  after  typhoid  fever, 
1116 
of  bone,  aseptic  bone-cavity  filling  in, 
744 
j- ray s  in,  1162 
of  lungs  after  pneumonia,  1120 

treatment,  1121 
of  Skene's  ducts,  392 

treatment,  393 
of  spleen  after  typhoid  fever,  1110 
pulsating,  and  aneurism,  differentia- 
tion, 239 
shirt-stud,  in  typhoid  fever,  1113 
Absence  of  Fallopian  tube,  386 
of  ovaries,  386 
of  uterus,  383 
of  vagina,  381 
treatment,  381 
Accidents,  delay ed  shock  in,  935 

due    to    chloroform    anesthesia,    un- 
toward effects  of,  1025 
explosion,  treatment  of,  938 
first  aid  treatment,  930 
from  electric  currents,  942 
from  gases,  945 
hemorrhage  in,  935 
improvised  stretcher  in,  934 


Accidents  in  factories,  925 

in  industrial  establishments,  924 

in  mills,  925,  929 

in  mines,  915,  925 

in  quarries,  929 

motor-car,  927 

of  pericardicenteBis,  29 

peculiarities  of,  926 

permanent  treatment  and  dressings, 
934 

psychic  shock  in,  935 

railroad,  915 

shock  in,  935 

steamboat,  928 

surgery  of,  915 

transportation  of  patient,  933 

treatment,  930 
A.  C.  E.  anesthesia,  1042 
Acid,  boric,  595 

carbolic,  594 

salicylic,  595 
Acoustic  nerve,  neurofibroma,  division  of 

auditory  nerve  for,  993 
Acupuncture  in  aneurism,  251 
Adams'  osteotomy  of  upper  end  of  femur, 

750 
Adenitis,  tuberculous,  x-rays  in,  1177 

x-rays  in,  1177 
Adenocarcinoma  of  cervix,  531 

of  uterus,  532 
Adhesions    of    prepuce    and    glans    of 

clitoris,  399 
Adhesive     pericarditis,     36.     See     also 
Pericarditis j  adhesive. 

J>laster  in  surgical  work,  611 
renalin  in  circulatory  failure  in  chlo- 
roform anesthesia,  1025 
in  hemophilia,  215 
in  hemorrhage,  197,  206 

Adventitia,  84 

Air-embolism  in  wounds  of  veins,  168 

Airol,  595 

Ala  nasi,  new,  construction  of,  912 

Alcohol  as  antiseptic,  595 

Alcoholism,  influence,  on  surgical  prog- 
nosis, 619 

Alexander's   operation  for  retroversion 
of  uterus,  507 

Alimentary  tract,  care,  prior  to  opera- 
tion, 623 

Allen's  needle-holder,  605 

Allingham's  method  of  pericardiotomy, 
33 

Allis's  ether  inhaler,  1029 

Aluminum  bronze  as  suture  material,  602 
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Alveolar  process,  excision,  760,  762 

Ambulance  duty,  1222 

Amenorrhea  in  gynecologic  examination, 

356 
American   method   of   symphysiotomy, 

488 
Amputation,  790 

at  joints.     See  Disarticulation. 
blocking  of  nerves  in,  802,  1056 
circular,  790,  792 
cuff  method,  793 
modified,  793 
ordinary,  792 
elliptical,  791,  799 
endoneural     infiltration     with     local 

anesthetizing  agents  in,  802 
flap,  796 

interilio-abdominal,  876 
intermediate,  802 
irregular  methods,  800 
metliods,  790 

fundamental  types,  791 
selection  of,  801 
Mozkowicz's  hyperemia  test  in,  97 
of  arm  at  surgical  neck  of  humerus, 
828 
local  anesthesia  in,  1067 
lower  third,  826 

together  with  scapula  and  part  of 
clavicle,  834 
of  cervix  for  laceration,  478 
of  fingers,  at  first  phalanx,  by  palmar 
flap,  809 
at  last  phalanx,  by  palmar  flap,  807 
at  second  phalanx,  oy  palmar  flap, 

809 
with  parts  of  metacarpals,  814 
of  forearm,  lower  third,  modified  cir- 
cular method,  820 
upper  two-thirds,  820 
of  leg  at  lower  third,  855 
at  middle  third,  858 
at  upper  third,  860 
femorotibial  osteoplastic,  866 
local  anesthesia  in,  1080 
osteoplastic,  856 

at  upper  third,  862 
supramalleolar  region,  854 
of  thigh  just  above  condyles  of  femur, 
865 
lower,  middle,  or  upper  third,  869 
third.  868 
of  toes,  at  first  phalanx,  oval  method, 
839 
at  last  phalanx,  by  plantar  flap,  837 
at  second  phalanx,  oy  plantar  flap, 

838 
with  part  of  metatarsals,  844 
oval,  790,  794 
primary,  802 
racket,  790,  795 

resulting  stump,  795 
rectangular  flaps,  791 
rounded  flaps,  791 
secondary,  802 
stump,  803-805 


Amputation,  stump,  nature  of  covering, 
791 
painful,  804 
Amvl  nitrite   in   circulatory   failure   in 

chloroform  anesthesia,  1025 
Anastomosis  cannula,  Crile's,  617 

of  blood-vessels,  883 
Anastomotic  varix,  153 
Anel's  operation  for  aneurism,  256 
Anemia,  gravity,  186 

influence  on  surgical  prognosis,  622 
local  anesthesia  from,  1049 
sequestration,  for  prophylactic  hemos- 
tasia, 192 
Anesthesia,  1000 
A.  C.  E.,  1042 
care  of  mouth  before,  1011 

of  patient  during  and  after,  1012 
of  stomach  before,  1009 
C.  E.,  1042 

chloroform,    1018.     See   also    Chloro- 
form anesthesia. 
cocain-adrenalin,  1057 
conduction,  1045 

with  coca  in,  1055 
contraindications,  1004 
cutaneous,  after  removal  of  Gasserian 

ganglion,  980 
effect  of,  on  blood,  1009 
endoneural,  1056 

ether,  1027.     See  also  Ether  anesthe- 
sia. 
death-rate,  1005 
effect  of,  on  hemoglobin,  1009 
history  of,  1001 
ethyl  bromid,  1040 

chlorid,  1038 
examination    of    circulatory    system 
before,  1008 
of  urine  before,  1007,  1008 
failure  of  circulation  during,  Trendel- 
enburg's posture  in,  1017 
of  respiration  during,  artificial  res- 
piration in,  1013 
Hall's  method,  1014 
Laborde's  method,  1014 
posture  of  head  in,  1014 
Schafer's  method,  1013 
Sylvester's  method,  1013 
general  considerations,  1003 
history,  1000 
in  cardiorrhaphy,  72 
in  pericardiotomy,  31 
ligation,  1049 
local,  1045,  1046 
anestil,  1050,  1051 
arterenin,  1059 
chemical,  1052 
cocain,  1053 

recumbent  position  in,  1057 
cold,  1050 

ethyl  chlorid,  1050,  1051 
from  anemia,  1049 
from  nerve  pressure,  1049 
history  of,  1049 
homorenon,  1059 
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Anesthesia,  local,  in  abdominal  section, 

1072 
in  amputation  of  arm,  1067 

of  leg,  1080 
in  disarticulation  of  hip-joint,  1080 
in  extraction  of  teeth,  1065 
in  femoral  hernia,  1074 
in  inguinal  hernia,  1073 
in  laminectomy,  1070 
in  meatotomy,  1077 
in    operations    for    cervical    lym- 
phoma, 1066 

for  paraphimosis,  1077 

for  phimosis,  1077 

for  phlegmonous  thecitis,  1067 

for  varicose  veins,  1079 

on  abdominal  wall,  1070 

on  anus,  1077 

on  face,  1065 

on  head,  1064 

on  lower  extremities,  1078 

on  mamma,  1070 

on  neck,  1066 

on  penis,  1076 

on  rectum,  1077 

on  scrotum,  1077 

on  testes,  1077 

on  thorax,  1068 

on  upper  extremities,  1066 

on  urethra,  1076 
in  pericardiotomy,  1068 
in  pleurotomy,  1068 
in  resection  of  ribs,  1068 
in  skin-grafting,  1079 
in  suprapubic  cystotomy,  1075 
in  umbilical  hernia,  1075 
in  ventral  hernia,  1075 
indications,  1060 
novocain,  1059 
preparations,  1061 
solutions,  1061 
suprarenin,  1059 
syringes,  1061 
technic,  1060 
lumbar,    1082.     See   also   Anesthesia, 

subarachnoid. 
nitrous  oxid,  1034.     See  also  Nitrous 

oxid  anesthesia. 
perineural,  with  cocain,  1056 
regional,  1045,  1046 
room  for,  1011 
scopolamin-morphin,  1043 
sequential,  1041 
spinal,     1082.     See    also    Anesthesia, 

subarachnoid. 
subarachnoid,  1082 
cocain  in,  1087 
complications  of,  1092 
contraindications,  1094 
indications,  1094 
novocain  in,  1088 
sequels  of,  1092 
stovain  in,  1087 
technic,  1095 
terminal,  1045,  1046 
venous,  1081 


Anesthesia  with  Billroth 's  mixture,  1042 

with  Vienna  mixture,  1042 
Anesthetic  mixtures,  1042 
Anesthetics,   1000.       See  also  Anesthe- 
sia. 
Anestil  as  local  anesthetic,  1050,  1051 
Aneurism,  216 

acupuncture  in,  251 
adaptation  of  sac  to  surroundings,  222 
age  in,  242 

Anel's  operation  for,  256 
aneurismectomy  associated  with  cir- 
cular arteriorrhaphy  for,  286 
with   lateral  arteriorrhaphy  for, 
285 

for,  264 

with    arterial    transplantation    or 
grafting  for,  288 

with  arteriovenous  anastomosis  for, 
287 

with  grafting  of  transplanted  vein 
for,  287 
aneurismoplasty  for,  271 
aneurismotomy  for,  263 
Antyllus'  operation  for,  256,  257,  263 
aortic,  311.     See  also  Aortic  aneurism. 
arteriosclerotic,  217 
arteriovenous,  290.     See  also  Arterio- 
venous aneurism. 
auscultation  in,  236 
Bacelli-Montenovessi     operation    for, 

251 
Brasdor's  operation  for,  256 
Broca's  clot,  228,  229 
bruit  in,  236 
by  anastomosis,  219 
calcium  chlorid  in,  249 
cirsoid,  219 
classification,  217 

of  sacs  for  surgical  purposes,  227 
compression  in,  253 
congenital,  217 
consecutive,  218 
contents  of  sac,  228 
course  of  blood  in,  224 
cupoliform,  218 
cylindric,  221 
death  from,  233 
definition,  216 
differential  diagnosis,  238 
dissecting,  217 
effect  of,  on  circulation,  234 
embolic,  218 

endo-aneurismorrhaphy  for,  268 
erosion,  219 

of  Eppinger,  87 
etiology,  241 
experimental,  obtained  by  production 

of  toxic  arteritis,  245 
extirpation  in,  264.     See  also  Anewris- 

mectomy. 
false,  216 
form,  221 
frequency,  241 
functional  signs,  237 
fusiform,  221 
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Aneurism,  galvanization  in,  251 

gelatin  in,  249 

Halsted's  gradual  occlusion  of  arteries 
for,  261 

Hart's  treatment,  255 

Hunter's  operation  for,  255,  256,  257 
objections  to,  258 

incidence,  241 

kystogenic,  218 

ligation  in,  256 

Mace  wen's  operation  for,  251 

Matas'  operation  for,  268 

Mikulicz's  operation  for,  264 

Moore-Corradi  operation  for,  251 

Moore's  operation  for,  251 

morphology  of  sac,  221 

multiple,  243 

murmurs  in,  236 

needling  in,  251 

number,  243 

of  axillary  artery,  331.     See  also  Ax- 
illary aneurism. 

of  buttock,  340 

of  carotid  artery,  318.    See  also  Caro- 
tid aneurism. 

of  femoral  artery,  334,  342.     See  also 
Femoral  aneurism. 
treatment,  338 

of  hypogastric  artery,  334 

of  iliac  arteries,  333.     See  also  Iliac 
aneurism. 

of  innominate  artery,  316 

of    popliteal    artery,    344.     See    also 
Popliteal  aneurism. 

of  special  arteries,  311 

of  subclavian  artery,  327.     See  also 
Subclavian  aneurism. 

Pasquin's  operation  for,  256,  257 

pathogeny,  243,  245 

pathologic,  217 

pelvic,  340 

Philagrius'  operation  for,  264 

physical  signs,  235 

potassium  iodid  in,  248 

pressure  effects  of  sac,  230 

prognosis,  240 

pulsation  in,  235 

Purmann's  operation  for,  264 

race  in,  242 

radical  o|>erations  for,  263 

red  clot,  229 

refrigeration  in,  251 

Reid-Clementi  treatment  for,  254 

Reid's  treatment  for,  254 

rotation  of  sac,  225 

rupture  in,  signs,  238 

sacciform,  2 IS,  221 

Scarpa's  operation  for,  255,  256 

sex  in,  242 

size,  243 

spontaneous  cure,  232 

stagnin  in,  248 

structure,  219 

subjective  signs,  237 

symptomatology,  234 

terminations,  231 


Aneurism,  traumatic,  107,  218 
treatment,  246 
medical,  247 
medicinal,  248 
surgical,  250 
symptomatic,  250 
true,  216,  219 

Tuffnell's  treatment,  247,  248 
tumor  in,  235 
Valsalva's  treatment,  247 
varicose,  290 

by  dilatation,  291 
vascular  astringents  in,  248 

coagulants  in,  248 
Wardrop's  operation  for,  256 
white  clot,  228,  229 
wiring  in,  251 
x-ray  examinations  in,  236 
Aneunsma  spurium,  216 

verum,  216 
Aneurismal  bruit,  236 

varix,  290 
Aneurismectomy,  264 
associated    with  circular  arteriorrha- 


phy,  286 
ithlafc 


with  lateral  arteriorrhaphy,  285 
compared    with    ligature   and    other 

methods,  267 
final  results,  268 
permanent  effects,  267 
postoperative  treatment,  266 
relapses  in  popliteal  cases,  268 
technic,  265 

with  arterial  transplantation  or  graft- 
ing, 288 
with  arteriovenous  anastomosis  with 
arterial  transplantation,  287 
with    venous    transplantation, 
287 
with  grafting  of  transplanted  vein,  287 
Aneurismoplasty,  271 
Aneurismotomy,  263 
Angeioma,    cavernous,    and    aneurism, 

differentiation,  238 
Angiosclerosis,  91 
Angiotribe,  Downes',  114 
Angiotripsy  in  wounds  of  arteries,  113 

Downes'  method,  1 15 
Ankle-joint,  excision,  787 
Ankylosis,  artificial  production,  775 
excision  of  elbow  for,  780 
of  hip-joint,  osteotomy  of  femur  for, 

749 
of  lower  jaw,  operations  for,  762 
Annandale's    intrasaccular    method    of 
endo-aneurismorrhaphy,  281 
method  of  gaining  access  to    naso- 
pharynx, 760 
Anteflexion  of  uterus,  499 

Dudley's  operation  for,  500 
treatment,  500 
Ante-mortem  statements,  legal  aspects 

of  surgeon,  1181 
Anteversion  of  uterus,  498 
Antipyrin  in  hemorrhage,  206 
Antisepsis,  587 
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Antyllus'  operation  for  aneurism,  256, 

257,  263 
Anus,  operations  on,  local  anesthesia  in, 

1077 
Aorta,  abdominal,  ligation  of,  704 

by  transperitoneal  method,  704 
through  retroperitoneal  approach, 
705 
Macewen's  method  of  compressing, 
189 
Aortic  aneurism,  311 

abdominal  ligation  in,  312 
thoracic  ligation  in,  314 
Apoplexy,  diagnosis,  1223 

ovarian,  558 
Appendicitis  in  pregnancy,  surgery,  1129 

typhoid,  1108 
Aqueous  plethora  after  hemorrhage,  183 
Argyrol,  596 
Anstol,  595 

Arm,  amputation,  at  surgical  neck  of 
humerus,  828 
lower  third,  826 
of  local  anesthesia  in,  1067 
together  with  scapula  and  part  of 
clavicle,  834 
Arterenin  as  local  anesthetic,  1059 
Arterial  hemorrhage,  180 
tension,    diminished,    effect    of,    on 
hemostasia  in  wounds  of  arteries, 
104 
Arterializing  veins,  296 
Arteries,  adventitia,  84 
anatomic  peculiarities,  82 
aneurisms  of,  311 
bruises,  105 
catheterization  of,  97 
cerebral,    thrombosis    of,     diagnosis, 

1223 
coats,  82 

compression  of,  temporary  instrumen- 
tal, for  prophylactic  hemostasis,  123 
contusion  of,  effect,  on  hemostasis  in 

wounds  of  arteries,  103 
contusions,  106 
effect  of,  on  hemostasis  in  wounds 
of  arteries,  103 
coronary,  wounds  of,  79 
dilatation  of,  and  aneurism,  differen- 
tiation, 239 
diseases  of,  82 

ectases  of,  and  aneurism,  differentia- 
tion, 239 
elasticity,  84 
erosion  of,  86 
external  tunic,  84 
healing,  after  ligation,  116 
iliac,    aneurism    of,    333.     See    also 
Iliac  aneurism. 
ligation  of,  for  aneurism  of  abdom- 
inal aorta,  314 
injuries,  82 
internal  tunic,  82 
laceration,  104,  105 
ligation  of,  115.     See  also  Ligation  of 
arteries. 


Arteries,  middle  tunic,  83 
patching,  139 
pathologic  peculiarities,  82 
physiologic  peculiarities,  82 
plastering,  139 
rupture,  105 
stretching,  105 
surgery,  82 
suture    of,    125.    See    also    Arterior- 

rhaphy. 
tears  of,  by  grinding  or  attrition,  105 
twisting,  105 
ulceration,  86 

wounds  of,  99.     See  also  Wounds  of 
arteries. 

Brewer's  method  of  closing,  139 
Arteriocapillary  fibrosis,  91 
Arterionecrosis,  86 
Arteriorrhaphy,  125 

Bougie's  invagination  method,  129 
circular,  126,  128 

Abbe's  method,  133 

Briau  and  Jaboulay's  method,  132 

Carrel's  method,  133 

De  Gaetano's  method,  133 

methods  of  broad  marginal  confron- 
tation, 132 
of  invagination,  128 

Payr's    method,    with    absorbable 
magnesium  rings,  130 

Salomoni's  method,  132 
classification,  126 
end-to-end,  126 
Frouin's  method,  136,  137 
history,  125 
intermediate,  124 
lateral,  126 

Murphy's  invagination  method,  129 
technic,  126 
Wieting's  method,  129 
Arteriosclerosis,  90 
causes,  93 
effects  of,  93 

influence  of,  on  varicose  veins,  152 
Jores'  type,  91 
mechanical,  93 
Moenckeberg's  type,  91 
presenile,  94 
senile,  92 
toxic,  93 
Arteriosclerotic  aneurism,  217 
Arteriovenous  aneurism,  290 

congenital,  293 

definition,  290 

diagnosis,  300 

effects,  295 

etiology,  292 

experimental,  295 

pathogenesis,  293 

pathologic  anatomy,  293 

physiopathology,  293 

prognosis,  301 

progress  and  evolution,  295 

secondary,  291 

symptomatology,  297 

treatment,  301 
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Arteritis,  acute,  85 
non-pyogenic,  89 
chronic,  90.    See  also  Arteriosclerosis. 
purulent,  86 
pyogenic,  86 
ulcerosa  seu  verucosa,  91 
Artery,  axillary,  aneurism  of,  331.    See 
also  Axillary  aneurism. 
ligation  of,  170,  687 
first  part,  688 
third  part,  690 
brachial,    compression    of,    for    pro- 
phylactic hemostasia,  188 
ligation  of,  691 

at  bend  of  elbow,  692 
in  middle  of  arm,  691 
carotid,  aneurism  of,  318.    See  also 
Carotid  aneurism. 
common,  compression  of,  for  pro- 
phylactic hemostasia,  188 
ligation  of,  672.     See  also  Liga- 
tion of  carotid  artery,  common. 
external,  ligation  of,  674.     See  also 
Ligation    of    carotid    artery,    ex- 
ternal. 
internal,  ligation  of,  682 
facial,  ligation  of,  678 

over  inferior  maxillary,  678 
femoral,  aneurism  of,  334,  342.     See 
also  Femoral  aneurism. 
common,  compression  of,  for  pro- 
phylactic hemostasia,  188 
ligation  of,  713.     See  also  Ligation 
of  femoral  artery. 
gluteal,  ligation  of,  710 
upon  buttock,  710 
hypogastric,  aneurism  of,  334 
iliac,  common,  ligation  of,  705 

by  retroperitoneal  method,  706 
compression     of,    for    prophylactic 

hemostasia,  188 
external,  ligation  of,  711 

by  retroperitoneal  route,  711 
by  transperitoneal  route,  712 
internal  ligation  of,  707 

by  retroperitoneal  method,  708 
by  transperitoneal  method,  708 
innominate,  aneurism  of,  316 

ligation  of,  667.     See  also  Ligation 
of  innominate  artery. 
intercostal,  ligation  of,  701.     See  also 

Ligation  of  intercostal  artery. 
ligation,    655.     See   also   Ligation   of 

artery. 
lingual,  ligation  of,  676 

beneath  hyoglossus,  676 
mammary,  internal,  ligation  of,  686 

in  aecond  intercostal  space,  687 
aurgical  anatomy,  19 
meningeal,  middle  ligation  of,  680 
anterior  branch,  682 
in  removal  of  Gasserian  gan- 
glion, 969 
posterior  branch,  682 
trunk  of,  681 
occipital,  ligation  of,  679 


Artery,  occipital,  ligation  of,  behind  mas- 
toid process,  679 
peroneal,  ligation  of,  729 
in  middle  of  leg,  730 
popliteal,  aneurism  of,  344.    See  also 
Popliteal  aneurism. 
ligation  of,  718.    See  also  Ligation 
of  popliteal  artery. 
pudic,  internal,  ligation  of,  709 
radial,    ligation    of,    693.    See    also 

Ligation  of  radial  artery. 
sciatic,  ligation  of,  708 
upon  buttock,  708 
subclavian,  aneurism  of,  327 

compression    of,    for    prophylactic 

hemostasia,  188 
ligation    of,    170,    683.    See    also 
Ligation  of  subclavian  artery. 
temporal  ligation  of,  680 

just  above  zygoma,  680 
tibial,  anterior,  ligation  of,  724 
in  lower  third,  726 
in  upper  third,  724 
posterior,  ligation  of,  727 

behind  internal  malleolus,  729 
in  middle  third,  727 
ulnar,  ligation  of,  698 

in  lower  third  of  forearm,  701 
in  middle  third  of  forearm,  699 
vertebral,  ligation  of,  686 
Arthrectomy,  774 
of  knee-joint,  787 
Senn's  method,  787 
Volkmann's  method,  787 
Warbasse's  method,  787 
Arthritis,  atrophic,  x-rays  in,  1163 
chronic,  x-rays  in,  1 162 
hypertrophic,  x-rays  in,  1 163 
pneumococcic,  1127 
prognosis,  1128 
treatment,  1129 
Arthrodesis,  775 
Arthrotomy,  789 

Artificial  limb,   adaptability  of  ampu- 
tation stump  to,  805 
respiration   in   failure   of   respiration 

during  anesthesia,  1013 
vagina,  construction,  381,  382 
Baldwin's  method,  382 
Beck's  method,  382 
Ascites  and  cysts  of  ovary,  differentia- 
tion, 568 
associated  with  fibroids  of  uterus,  525 
complicating  ovarian  cyst,  564 
Asepsis,  587,  590 

effect  of,  on  venous  hemorrhage,  167 
Aseptic   bone-cavity   filling   in   chronic 
osteomyelitis,  742.     See  also  Bone- 
cavity  filling,  aseptic. 
bottle  of  Lafay,  1204 
phlebitis,  143 
Asphyxiation  by  hydrogen  sulphid,  1227 
by  illuminating  gas,  1224 
symptoms,  1224 
treatment,  1225 
by  sewer-gas,  1227 
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Asphyxiation  from  carbon  dioxid,  945 
monoxid,  946 
smoke,  1223 
Aspirating  apparatus,  Po tain's,  614 
Aspirators,  613 

Astragalus  and  calcaneum,  excision,  773 
Mikulicz's  method,  773 
excision,  772 
Atheroma,  91 
Atherosclerosis,  91 

Atmokausis  for  prophylactic  hemostasia, 
194 
in  hemophilia,  215 
Atresia  of  vagina,  381 
Atrophic  arthritis,  x-rays  in,  1163 
Atrophy  of  bone,  x-rays  in,  1 163 
Auditory  nerve,  division  of,  Ballance's 
method,  996 
Bryant's  method,  995 
for  neurofibroma  of  acoustic  nerve, 

993 
for  tinnitus  aurium,  994 

operative  records,  995 
for  vertigo,  994 

operative  records,  995 
Frazier's  method,  996 
Krause's  method,  995 
Milligan's  method,  996 
Parry's  method,  995 
Wallace  and  Marriage's  method, 
995 
intracranial  surgery  of,  984 
operations  for  exposure  of,  hemor- 
rhage in,  988 
tumors,  removal  of,  992 
Auricles  of  heart,  wounds,  causes  of  sud- 
den arrest  of  heart  action  in,  49 
Auscultation,  abdominal,  in  gynecologic 
examination,  362 
in  aneurism,  236 
Autoplastic    operations    with    bone    in 
chronic  osteomyelitis,  739 
with  soft  tissue  in  chronic  osteomye- 
litis, 738 
Autopsy,  legal  aspects  of  obtaining  con- 
sent to,  1188 
Autotransfusion  in  hemorrhage,  196 
Axillary  aneurism,  331 
treatment,  332 
arterv,  ligation  of,  170,  687 
first  part,  688 
third  part,  690 
Azoospermia,  x-rays  as  cause,  1 173 


Babcock's  operation  for  varicose  veins, 

163 
Bacelli-Montonovessi        operation      for 

aneurism,  251 
Back  draft,  injuries  from,  1228 
Bacteriologic  examination,  gynecologic, 
373 
of  hands,  results  of,  1199 
specimens    for    laboratory    diagnosis, 
method  of  collecting,  1202 
Baker's  method  of  excising  hip-joint,  784 


Baldwin's  method  of  making  artificial 
vagina,  382 

Ballance  and  Edmunds  stay-knot,  663 

Ballance's  method  of  dividing  auditory 
nerve,  996 

Bandages,  609 

gelatin,  in  hemophilia,  214 
gypsum,  in  plastic  surgery,  891 
plaster-of-Paris,  609 
silicate  of  soda,  610 

Bardenheuer's   method   of   ligating   in- 
nominate artery,  670 

Barker's  position  for  puncture  in  sub- 
arachnoid anesthesia,  1098 

Bartholinitis,  391 

Bartholin's  gland,  cyst  of,  392 

Bartlett's  method  of  sterilizing  catgut, 
599 

Beck's    method    of    making    artificial 
vagina,  382 
operation  for  cranial  defects,  748 

Beeoe's  serum  treatment  of  tetany  fol- 
lowing thyroidectomy,  957 

Berger's  interscapulothoracic  operation, 

Bichlorid  of  mercury,  592 
Bier's  hyperemia  in  Bartholinitis,  391 
method  of  amputating  leg  at  upper 
third,  862 
of  venous  anesthesia,  1081 
operation   for   chronic   osteomyelitis, 
740 
Bile-passages,  typhoid  infection,  1109 
Biliary  calculi,  x-rays  in  detecting,  1155 
Billroth's  mixture  as  anesthetic,  1042 
Biniodid  of  mercury,  593 
Bladder,  catheterization,  in  gynecologic 
examination,  377 
distended,  and  cysts  of  ovary,  differ- 
entiation, 567 
in  gynecologic  examination,  368 
inability  to  empty,  after  operation,  653 
injury,  in  ovariotomy,  573 
Blocking  of  nerves  in  amputations,  802, 

1056 
Blood,    changes    in    morphology,    after 
hemorrhage,  177 
course  of,  in  aneurism,  224 
effect  of  anesthesia  on,  1009 

of  chloroform  anesthesia  on,  1021 
examination,  prior  to  operation,  622 
regeneration  of,  178 
transfusion  of,  direct,  615 
Brewer's  tube  for,  618 
(Yile's  technic,  616 
Hartwell's  technic,  617 
Blood-pressure  test  as  aid  in  determin- 
ing form  of  endo-aneurismorrhaphy, 
273 
Blood-vessels,  anastomosis  of,  883 
diseases    of,    influence,    on    surgical 
prognosis,  620 
BoecKel's  method  of  excising  wrist-joint, 
782. 
operation    to    gain    access    to    naso- 
pharynx, 760 
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Bone,  abscess,  aseptic  bone-cavity  filling 
in,  744 
blister,  1161,  1162 
chips  for  aseptic  bone-cavity  filling, 

742 
necrosis,  aseptic  bone-cavity  filling  in, 

744 
resection,  753 

for  malignant  tumors,  745 
tuberculosis,  aseptic  bone-cavity  fill- 
ing in,  744 
tumors,    aseptic    bone-cavity    filling 
after  removal,  744 
Bone-cavity  filling,  aseptic,  742 
Bone-cyst,  x-rays  in,  1169 
Bone-disease,  x-ray  in,  1156 
Bone-grafting  in  chronic  osteomyelitis, 

740 
Bone-transplantation  in  chronic  osteo- 
myelitis, 740 
Bones,  abscess  of,  x-rays  in,  1162 
atrophy  of,  x-rays  in,  1163 
excision,  753 

giant-cell  sarcoma,  x-rays  in,  1 169 
infection  of,  in  typhoid  fever,  1111 
etiology,  1112 
symptoms,  1113 
treatment,  1113 
long,  osteotomy  of,  748 
operations  on,  732 
Barcoma  of,  x-rays  in,  1169,  1170 
syphilis  of,  x-rays  in,  1160,  1161 
tuoerculosis  of,  x-rays  in,  1 158 
Boric  acid,  595 
Bouchon,  103 
Bougie's  invagination  method  of  arteri- 

orrhaphy,  129 
Bouton  de  chemise,  1 1 13 
Brachial  artery,  compression,  for  pro- 
phylactic hemostasia,  188 
ligation,  691 

at  bend  of  elbow,  692 
in  middle  of  arm,  691 
rhinoplasty,  908 
Braine's    modification  of  Ormsby's    in- 
haler for  ether  anesthesia,  1032 
Brasdor's  operation  for  aneurism,  256 
principle  in  ligation  of  aneurism  of 
thoracic  aorta,  314 
Brasdor-Wardrop  principle  for  cure  of 

aneurisms  of  arcn  of  aorta,  314 
Brauer's   operation   for   adhesive    peri- 
carditis, 37 
Breasts,  operations  on,  local  anesthesia 

in,  1070 
Brewer's    method    of    closing    arterial 
wounds,  139 
tube  for  transfusion  of  blood,  618 
Briau  and  Jaboulay's  method  of  circular 

arteriorrbaphy,  132 
Bridge,  Gaskell's,  47 
Broad  ligaments,  cysts,  561 

surgery,  550 
Broadhent's  sign  in  adhesive  pericardi- 
tis, 37 
Broca's  clot  in  aneurism,  228,  229 


Broca's  sac,  388 

Bruises  of  arteries,  105 

Bruit,  aneurismal,  236 
mill-wheel,  in  wounds  of  heart,  55 
Nietert's,  in  wounds  of  heart,  55 
water-wheel,  in  wounds  of  heart,  55 

Bruns'  method  of  excising  elbow-joint, 
780 

Bryant's  method  of  dividing  auditory 
nerve,  995 

Bubonic  plague,  surgery,  1136 

Bullets  in  heart,  75 

Burmeister's  method  of  sterilizing  cat- 
gut, 599 

Burns,  1228 

cicatricial  deformities  of  skin  from,  900 
treatment,  1229 

Burrs,  Hudson's,  997 

Business  considerations  of  surgeon,  legal 
aspects,  1195 

Buttock,  aneurism  of,  340 

Buxton's  ratchet  pattern  gag,  1017 


Calcaneum,  excision  of,  771 
Calcification  in  fibroids  of  uterus,  524 

of  pericardium,  36 
Calcium  chlorid  in  aneurism,  249 
in  internal  hemorrhage,  204 
in  hemophilia,  215 
Calculi,  biliary,  x-ray  in  detecting,  1155 
renal,  x-rays  in  detecting,  1153 
ureteral,  x-rays  in  detecting,  1 153 
vesical,  x-rays  in  detecting,  1154 
Canal  of  Nuck,  hydrocele  of,  404 
Cannula,  Crile's,  617 
Cannulas  for  subarachnoid  anesthesia, 

1095 
Capillary  hemorrhage,  180 
Capsules  for  controlling  thermal  disin- 
fection, 1200 
Caput  Medusse,  155 
Carbolic  acid,  594 
Carbon  dioxid,  asphyxiation  from,  945 

monoxid,  asphyxiation  from,  946 
Carcinoma  of  ovary,  564 
of  uterus,  530 
cauliflower,  530 
complications,  535 
diagnosis,  535 
physical  signs,  534 
prognosis,  537 
squamous-cell,  530 
symptoms,  533 
treatment,  537 
palliative,  537   • 
radical,  538 
of  vagina,  412 

treatment,  413 
of  vulva,  406 
x-rays  in,  1176 
Cardiac  vertebne,  42 
Cardiocentesis,  accidental,  in  pericardio- 
centesis, 29 
Cardiolysis  for  adhesive  pericarditis,  37 
Cardiorrhaphy  in  wounds  of  heart,  68 
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Cardioschesis  for  adhesive  pericarditis, 

37 
Cardiosymphysis,  36 
Caries,  aseptic  bone-cavity  filling  in,  744 

sicca,  x-rays  in,  1158 
Carnot's  solution  in  internal  hemorrhage, 

205 
Carotid  aneurism,  318 
common,  318 
external,  326 
extirpation  for,  322 
extracranial,  323 
internal,  323 
intracranial,  323 
treatment,  319 
artery,  common,  compression  of,  for 
prophylactic  hemostasis,  188 
ligation  of,  672.     See  also  Liga- 
tion oft  carotid  artery,  common. 
external,  ligation  of,  674.     See  also 
Ligation    of    carotid    artery,    ex- 
ternal. 
internal,  ligation  of,  682 
Carpal  bone,  excision,  768 
Carrel's    method    of    circular    arterior- 
rhaphy, 133 
partial  venous  transplantation,  137 
Cars,  hospital,  on  railroads,  918.     See 

also  Hospital  cars  on  railroads. 
Caruncle,  urethral,  in  female,  402 
Catarrh,  chronic  cervical,  464.     See  also 

EndocervicUis. 
Catgut,  598 

chromicized,  599 
sterilization  of,  598,  599 
Bartlett's  method,  599 
Burmeister's  method,  599 
Claudius'  method,  599 
Hoffmeister's  method,  600 
iodin  method,  599 
Johnson's  method,  600   . 
Lee's  method,  600 
MacClure's  method,  600 
Moynihan's  method,  599 
Stich's  method,  601 
Catheterization  of  arteries,  97 

of  bladder    in    gynecologic    examina- 
tion, 377 
of  ureters  in  gynecologic  examination, 
378 
Cathode  rays,  1144 
Cauliflower  cancer  of  uterus,  530 
Cautery  for  prophylactic  hemostasis,  193 
Cavernous     angeioma     and     aneurism, 

differentiation,  238 
C.  E.  mixture  as  anesthetic,  1042 
Cells,     hepatic,     effect    of    chloroform 

anesthesia  on,  1010 
Celluloid  thread,  601 
Center,  Kronecker-Schmey,  47 
Cerebral  arteries,   thrombosis  of,   diag- 
nosis, 1223 
complication  in  removal  of  Gasserian 

ganglion,  979 
hemorrhage,  diagnosis,  1222 
Cerebrospinal  fluid,  position  of,  1086 


Cervical  catarrh,  chronic,  464.    See  also 
Endocervicitis. 
lymphoma,  operations  for,  local  anes- 
thesia in,  1066 
Cervix,  adenocarcinoma  of,  531 
amputation  of,  for  laceration,  478 
endometritis  of,  464 
hypertrophy  of,  472 

treatment,  473 
laceration  of,  473 
diagnosis,  475 
etiology,  473 

Schroder's  operation  for,  478 
signs,  474 
stellate,  474 
suture  in,  476 
symptoms,  474 
treatment,  476 
papillary  erosions,  and  carcinoma  of 

uterus,  differentiation,  536 
pseudoprolapsus  of,  465,  491 
retention  cysts  of,  465 
syphilitic   ulceration,   and   cancer  of 
uterus,  differentiation,  536 
Cesarean  section,  481 

abdominal-cervical,  485 
after-treatment,  487 
indications,  481 
instruments,  482 
Porro-,  486 

technic,  487 
preparation,  482 
technic,  482 
vaginal,  485 
technic,  486 
Chassaignac'6  tubercle,  188 
Cheiloplasty,  882 

Chemic  styptics  in  hemorrhage,  206 
Chemical  sterilization  of  hands,  639 
Chemist's  weighing  bottle,  1204 
Chest,  deformities,  influence  of,  on  sur- 
gical prognosis,  624 
Chlorid  of  zinc,  595 
Chloroform  anesthesia,  1018 

accidents  due  to,  untoward  effects 

of,  1025 
administration,  1022 
circulatory    failure    in,    treatment, 

1025 
death-rate,  1005 
delayed  poisoning  from,  1026 
effect,  on  blood,  1021 
.on  circulatory  system,  1019 
on  heart,  1021 
on  hemoglobin,  1009 
on  hepatic  cells,  1010 
on  respiratory  system,  1019 
history,  1002 

illness  and  death  after,  1026 
oxygen  with,  1033 
physiologic  action,  1018 
effect  of,  on  kidneys,  1006 
inhaler,  Junker's,  1024 
mask,  Skinner's,  1024 
Chondral  exostoses,  multiple,  x-rays  in, 
1168 
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Chondrodystrophia    fcetalis,    x-ray    in, 

1165 
Chopart's  method  of  disarticulation  of 
anterior  part  of  foot,  849 
of  toes,  843 
Chorio-epithelioma  of  uterus,  539 
primary,  of  vagina,  414 
treatment,  415 
Chromicized  catgut,  599 
Chvostek's  symptom   in   tetany   para- 

thyreopriva,  956 
Cicatricial  deformities  of  skin,  900 
Cicatrices,  stump-,  position  of,  804 
Cicatrization  of  wounds  of  arteries,  104 
Cigarette  drains,  608 
Circular  arteriorrhaphy,  126,  128.     See 

also  Arteriorrhaphy,  circular. 
Circulation,     cardiac,     control     of,     in 
wounds  of  heart,  44 
collateral,   after   ligation  of   arteries, 
118 
causes  interfering  with,  119 
of  large  venous  trunks,  169 
diseases    of,    influence,    on    surgical 

prognosis,  620 
effect  of  aneurism  on,  234 
effects  of  arteriovenous  aneurism  on, 

299 
failure   of,    during   anesthesia,   Tren- 
delenburg's posture  in,  1017 
preliminary    control,    in    ligation    of 
artery,  656 
Circulatory  failure  in  chloroform  anes- 
thesia, treatment,  1025 
system,  effect  of  chloroform  anesthesia 
on,  1019 
examination,  before  anesthesia,  1008 
Cirsoid  aneurism,  219 
Clamp,  Crile's,  124 
Claudication,  intermittent,  96 
Claudius'  method  of  sterilizing  catgut, 

599 
Clavicle,  excision,  766 
Clitoridectomy,  399 
Clitoris,  excision  of,  399 
elans  of,  adhesions,  399 
hypertrophy  of,  399 
prepuce  of,  adhesions,  399 
hypertrophy,  399 
Clover's  ether  inhaler,  1030 
Coagulability,  increased,  of  blood,  effect 
on  hemostasis  in  wounds  of  arteries, 
104 
Coal-gas,  asphyxiation  from,  945 
Coat  stretcher,  934 
Coeain  as  local  anesthetic,  1053 
as  subarachnoid  anesthetic,  1087 
conduction  anesthesia  with,  1055 
endoneural  anesthesia  with,  1056 
perineural  anesthesia  with,  1056 
Cocain-adrenalin  anesthesia,  1057 
Coccyx,  excision  of,  769 
Cold  as  local  anesthetic,  1050 

for  prophylactic  hemostasis,  194 
Collapse  after  subarachnoid  anesthesia, 
1092 


Collapse,  hemorrhagic,  and  shock,  dif- 
ferentiation, 184 
Collateral   circulation  after  ligation  of 
arteries,  118 
causes  interfering  with,  119 
of  large  venous  trunks,  169 
Colpocele,  anterior,  operations  for,  442 
posterior,  425 

Emmet's  outline  resection  for,  440 
Montgomery's  operation  for,  438 
Noble's    modification    of    Emmet's 

operation  for,  435 
operations  for,  435 
Tait's  operation  for,  441 
Colporrhaphy,  anterior,  442 
Compression  in  aneurism,  253 
digital,  253 
elastic,  254 
instrumental,  254 
in  arteriovenous  aneurism,  310 
in  prophylactic  hemostasis,  188 
in  wounds  of  arteries,  111 
of   arteries,  temporary    instrumental, 

for  prophylactic  hemostasis,  123 
of  heart,  44 
Concretio  pericardii,  36 
Condyle  of  lower  jaw,  excision,  762 
Condyloma  acuminata  of  vulva,  401 
lata  of  vulva,  401 
of  vulva,  401 
pointed,  of  vagina,  412 
Connective  tissue,  pelvic,  functions,  421 
Consecutive  aneurism,  218 
Constriction,  circular,   for   prophylactic 

hemostasis,  189 
Continuous  suture,  602 
Contusions  of  arteries,  106 
Copper  amalgam  for  aseptic  bone-cavity 

filling,  743 
Cornual  pregnancy,  576 
Coronary  arteries,  wounds  of,  79 

vessels,  wounding,  in  pericardicentesis, 
26 
Corpus  luteum,  cysts,  562 
Costoxiphoid  space,  33 
Cotton  in  surgery,  607 
Coup  de  fouet,  155 

Court,   compulsory   attendance  of  sur- 
geon in,  1180 
Cranial  defects,  osteoplastic  operations 

for,  747 
Credd's  unguentum,  596 
Creolin,  594 

Crile's  anastomosis  cannula,  617 
clamp,  124 

technic  for  direct  transfusion  of  blood, 
616 
Crime,  duty  of  surgeon  in  cases  of,  legal 

aspects,  1194 
Crooke's  tubes,  1144 
Cross-examination  of  surgeon  as  expert 

witness,  1184 
Culs-de-sac,  anterior,  surgical  anatomy, 

19 
Cuneiform  osteotomy,  749 
Cupoliform  aneurism,  218 
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Curetment,  test,  in  gynecologic  examina- 
tion, 372 
Curettage  in  metritis,  470 

technic,  471 
Cutaneous  anesthesia  after  removal  of 

Gasserian  ganglion,  980 
Cylindric  aneurism,  221 
Cystitis,  typhoid,  1119 
Cystocele  in  female,  operations  for,  442 
Cystotomy,  suprapubic,  local  anesthesia 

in,  1075 
Cysts  of  Bartholin's  gland,  392 
of  bone,  x-rays  in,  1 169 
of  broad  ligaments,  561 
of  corpus  luteum,  562 
of  ovary,  561 
areolar,  563 

ascites  complicating,  564 
complications,  564 
diagnosis,  567 
follicular,  562 

glandular  proliferating,  562 
multilobular,  563 
ovariotomy  in,  570 
rupture,  566 
simple,  562 
torsion  of  pedicle,  565 
treatment,  570 
unilocular,  563 
varieties,  570 
of  vagina,  410 

treatment,  411 
parovarian,  560 
retention,  of  cervix,  465 
tubo-ovarian,  562 


Dawbarn's  method  of  prophylactic  he- 
mostasia, 192 

Deformities,  cicatricial,  of  skin,  900 
of  chest,  influence,  on  surgical  prog- 
nosis, 624 

De  Gaetano's  method  of  arteriorrhaphy, 
133 

Degeneration,    nerve,    following    endo- 
neural anesthesia,  1056 

Delayed  chloroform-poisoning  from  anes- 
thesia, 1026 
shock  in  accident  cases,  935 

Delbet's  test  for  insufficiency  of  valves 
in  varicose  veins,  154 

Denker's  method  of  gaining  access  to 
nasopharynx,  760 

Depressed  scar,  operation  for,  889 

Dermatitis  gangrenosa  infantum,  1139 
x-ray,  1172 

Dermatoplasty,  896 

Dermoid  tumors  of  ovary,  563 

Diabetes,  influence,  on  surgical  progno- 
sis, 621 
mellitus  as  contraindication  to  anes- 
thesia, 1004 
versus  operation,  621 

Diaphragm,  pelvic,  functions  of,  421 

Diathesis,   influence,   on  surgical  prog- 
nosis, 620 


Dieulafoy's  method  of  pericardicentesis, 

25 
Diffenbach's  method  of  excising  upper 

jaw,  757 
Digital  exploration  of  uterine  cavity  in 

gynecologic  examination,  370 
Dilatation    of    arteries    and    aneurism, 
differentiation,  239 
of  uterine  cavity  in  gynecologic  ex- 
amination, 370 
Diphtheria,  intubation  in,  1135 
surgery  of,  1135 
tracheotomy  in,  1135 
Diphtheritic  vulvitis,  389 
Disarticulation  at  elbow-joint,  anterior 
ellipse,  822 
posterior  ellipse,  824 
at  hip-joint,  anterior  racket  method, 
875 
Wyeth's  method,  872 
at  knee-joint,  863 

at     shoulder-joint,     anterior     racket 
method,  829 
external  racket  method,  833 
at  wrist-joint,  anterior  ellipse,  818 

external  lateral  or  radial  flap,  819 
of    fingers    at    first     interphalangeal 
joints  by  palmar  flap,  809 
at  metacarpophalangeal  joints,  oval 

method,  809 
at  second  interphalangeal  joints  by 

palmar  flap,  808 
excluding  thumb,  with  metacarpals, 

817 
index,  at  metacarpophalangeal  joint, 

813 
inner,  with  metacarpal,  814 
little,  at  metacarpophalangeal  joint, 

813 
two  contiguous  inside,  with  meta- 
carpals, 816 
outside,  with  metacarpals,  816 
of  foot,  anterior  part,  at  mediotarsal 
joint,  849 
at  ankle-joint,  heel  flap,  852,  853 
at  subastragaloid  joint,  850 
of  hip-joint,  local  anesthesia  in,  1080 
of    thumb    at    metacarpophalangeal 
joint,  812 
with  metacarpal,  815 
of  toes  at  first  interphalangeal  joints, 
oval  method,  838 
at  metatarsophalangeal  joints,  840 
at  second  interphalangeal  joint  by 

plantar  flap,  838 
at  tarsometatarsal  joints  by  short 
dorsal    and    long   plantar    flaps, 
848 
en  masse   at    metatarsophalangeal 

joints,  842 
great,  at  metatarsophalangeal  joint, 
840 
with  metatarsal,  845 
little,  at  metatarsophalangeal  joint, 
841 
with  metatarsal,  847 
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Disarticulation  of  toes,  two  adjoining, 
at   metatarsophalangeal  joint, 
842 
or  three  contiguous,  with  meta- 
tarsals, 848 
with  metatarsals,  845 
Diseases,  acute,  influence  of,  on  surgical 

prognosis,  623 
Disinfection,  thermal,  capsules  for  con- 
trolling, 1200 
Dislocations  of  uterus,  498 
Displacement  of  tissue,  889 
Displacements  of  uterus,  490.     See  also 

Uterus  displacements. 
Dissecting  aneurism,  217 
Double  pyosalpinx,  554 

tubo-ovarian  cyst,  555 

uterus,  384 

vagina,  382 
Downe3'  angiotribe,  114 

method  of  electrothermic  angiotripsy, 
115 
Doyen's  automatic  clamp  applier,  647 

method  of  total  hysterectomy,  544 

va8otribe,  113 
Draft,  back,  injuries  from,  1228 
Drainage  after  operation,  646 

after  pericardicentesis,  31 

after  pericardiotomy,  34 

in  ovariotomy,  573 

of  pericardium  and  pleura  after  cardi- 
orrhaphy,  70 
Drains,  607 

cigarette,  608 

sterilization,  608 
Dressing  of  patient  during  operation,  629 

of  wound  after  operation,  648 
Dressings  in  accident  cases,  934 

in  surgery,  606 
Drop  method  of  ether  anesthesia,  1030 
Dry  puncture  in  pericardicentesis,  29 
DuDrueil's  method  of  disarticulation  at 

wrist-joint,  819 
Dudley's   operation   for   anteflexion   of 
uterus,  500 
for  ureterovaginal  fistula,  456 
Duhrssen's  operation  for  retroversion  of 

uterus,  511 
Dupuytren's  method  of  amputating  arm 

at  shoulder-joint,  826 
Dutch  liquid,  1002 

Dying  declarations,  legal  aspects  of  sur- 
geon, 1181 
Dyscrasic  hemorrhage,  174 
Dysentery,  surgery  of,  1140 
Dysmenorrhea  in  gynecologic  examina- 
tion, 357 
Dyspareunia  in  gynecologic  examination, 

358 
Dysplasia,  periosteal,  x-rays  in,  1164 


Eclampsia,  puerperal,  surgical  treat- 
ment, 1130 

Ectases  of  arteries  and  aneurism,  differ- 
entiation, 239 


Ecthyma  terSbrant,  1139 
Ectopic  pregnancy,  575.     See  also  Extra- 
uterine pregnancy. 
Eighth  nerve,  intracranial  surgery,  984. 

bee  also  Auditory  nerve. 
Elbow-joint,  disarticulation  at,  anterior 
ellipse,  822 
posterior  ellipse,  824 
excision,  777 

by  H  incision,  780 

by  long  external  and  short  internal 

incisions,  779 
by  posterior  median  incision,  779 
by  radial  incision,  777 
by  right  angular  incision,  779 
for  ankylosis,  780 
Hueters  method,  779 
Langenbeck's  method,  779 
Moreau's  method,  780 
N61aton's  method,  779 
Ollier's  method,  777 
osteoplastic,  780 
partial,  780 

von  Brun's  method,  780 
Electric  currents,  accidents  from,  942 

shock,  treatment,  943 
Electricity,  action  of,  on  bacteria,  597 

in  fibroids  of  uterus,  527 
Electrothermic  angiotripsy  in  wounds  of 
arteries,  114 
Downes'  method,  1 15 
Elephantiasis  of  vulva,  400 
Elevation    in   prophylactic   hemostasia, 
186 
vertical,  in  prophylactic  hemostasis, 
187 
Embolic  aneurism,  218 
Embolism,  146 

air-,  in  wounds  of  veins,  168 
fat-,  in  wounds  of  veins,  168 
|       in    operative    treatment    of    varicose 
'  veins,  164 

,   Emergency  operations,  preparation  for, 

627   . 
,   Emmet's   operation,   Noble's   modifica- 
!  tion,  for  posterior  colpocele  and  rec- 

tocele,  435 
outline  resection  for  posterior  colpocele 
and  rectocele,  440 
Empyema  after  pneumonia,  1120 
End-to-end  arteriorrhaphy,  126 
Endarteritis,  85 
chronica  diffusa,  91 
conscripta  diffusa,  91 
localized  septic,  of  embolic  (pyemic) 

origin,  87 
nodosa,  91 
obliterative,  91,  94 
Endo-aneurismorrhaphy,  268 

Annandale's  intrasaccular  method,  281 
in  arteriovenous  aneurism,  305 
intrasaccular,  in  external  iliac  aneur- 
ism, 338 
in  femoral  aneurism,  344 
in  popliteal  aneurism,  349 
method,  281 
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Endo-aneurismorrhaphy,  Kikuzi's  intra- 
saccular method,  283 

Matas'  intrasaccular  method,  276 

obliterative,  270 

prophylactic  hemostasia  in,  278 

reconstructive,  271 

relapses  after,  280 

restorative,  271 

statistical  conclusions,  279 

Syme's  intrasaccular  method,  281 

treatment  of  sac,  276 
Endocervicitis,  464 

diagnosis,  466 

symptoms  and  signs,  466 

treatment,  467 
Endocranial  sinus  infections,  operative 

treatment,  151 
Endometritis  of  cervix,  464 

chronic,  467 
diagnosis,  468 
symptoms,  467 
treatment,  468 
Endoneural  infiltration  with  local  anes- 
thetizing agents  in  amputation,  802 
Eniophlebitis,  144 
Endothelia,  unity  of,  83 
Endothelioma  and  aneurism,  differentia- 
tion, 240 
Endothelium,  82 

Enteroclysis  of  salt  solution  in  hemor- 
rhage, 203 
Enterovaginal  fistula,  458 
En  thesis,  895 

Enucleation  in  fibroids  of  uterus,  528, 529 
Epidermatoplasty,  896 
Epididymitis,  typhoid,  1118 
Epidural  typhoid  abscess,  1116 
Epithelial  capsules,  948 
Epithelioma  and  aneurism,  differentia- 
tion, 240 

of  mucous  membranes,  ar-rays  in,  1176 

superficial,  .r-rays  in,  1175 
Eppinger's  erosion  aneurisms,  87 
Era^ions  of  joints,  774 

of  knee-joint,  787 
Erb's  symptom  in  tetany  parathyreo- 

priva,  (.>57 
Erosion  aneirism,  219 

aneurisms  of  Eppinger,  87 

of  arteries,  83 

papillary,   of   cervix,    and    cancer  of 
uterus,  differentiation,  536 
Esmarch's  method  of  prophylactic  hem- 
ostasis,  190 

operation  for  ankylosis  of  lower  jaw, 
702 
Esophagus,   stricture  of,   after  typhoid 

fever,  1108 
Ether  anesthesia,  1027 
administration,  1028 
death-rate,  1005 
drop  method,  1030 
history,  1001 
physiologic  action,  1027 

effect  of,  on  kidneys,  1007 

inhaler,  Allis',  1029 


Ether  inhaler,  Clover's,  1030 
Hewitt's,  1031 
Ormsby's,  1032 
Ethical  considerations  of  surgeon,  legal 

aspects  of,  1194 
Ethyl  bromid  anesthesia,  1040 

chlorid  anesthesia,  1038 
as  local  anesthetic,  1050,  1051 
inhaler,  Luke's,  1039 
use  of,  before  ether  or  chloroform 
anesthesia,  1041 
Excision  of  alveolar  process,  760,  762 

of  ankle-joint,  787.     See  also  Ankle- 
joint,  excision  of. 

of  astragalus,  772 
and  calcaneum,  773 

Mikulicz's  method,  773 
OUier's  method,  773 

of  bones,  753 
of  pelvis,  769 

of  calcaneum,  771 

Farabeuf's  method,  771 

of  carpal  bone,  768 

of  clavicle,  766 

of  clitoris,  399 

of  coccvx,  769 

of  condyle  of  lower  jaw,  762 

of  elbow-joint,  777.     See  also  Elbow- 
joint,  excision  of. 

of  femur,  769 

of  fibula,  770 

of  first  metatarsophalangeal  joint,  789 

of  hip- joint,  782.     See  also  Hip-joint, 
excision  of. 

of  humerus,  767.     See  also  Humerus, 
excision  of. 

of  joints,  774 

of    knee-joint,  784.     See    also    Knee- 
joint,  excision  of. 

of   lower  jaw,    761.     See   also   Jaw, 
louder,  excision  of. 

of  metacarpal  bones,  768 

of  metatarsal  bones,  774 

of  phalanges,  769 

of  radius,  768 

of  ribs,  local  anesthesia  in,  1068 

of  scapula,  766.    See  also  Scapula,  ex- 
cision of. 

of  segment  of  lower  jaw,  762 

of  shoulder-joint,  775.     See  also  Shoul- 
der-joint, excision  of. 

of  tarsal  Ixmes,  770 

of  tibia,  770 

of  ulna,  768 

of   upper  jaw,    753.     See   also  Jaw, 
upper,  excision  of. 

of  vertebra?,  769 

of  wrist-joint,   780.     See  also  Wrist- 
joint,  excision  of. 

osteoplastic,  of  hard  palate,  759 

test,  in  gynecologic  examination,  372 
Excreting    organs,    effects    of   multiple 

injuries  on,  940 
Exophthalmic  goiter,  x-rays  in,  1177 
Exostoses,  multiple  chondral,  x-rays  in, 

1168 
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Exostosis  bursata,  x-ray  in,  1169 
Experimental    aneurisms    obtained    by 

production  of  toxic  arteritis,  245 
Exploratory  incision  in  gynecologic  ex- 
amination, 375 
Explosions,  injuries  from,  treatment,  938 
Extirpation  for  carotid  aneurism,  322 
in  aneurism,  264.     See  also  Aneuris- 

mectomy. 
in  external  iliac  aneurism,  337 
in  femoral  aneurism,  343 
Extra-uterine  pregnancy,  575 
diagnosis,  579 
physical  signs,  579 
rupture  in,  577 
symptoms,  578 
treatment,  580 
Extravaginal  inversion  of  uterus,  511 
Extremities,  lower,  operations  on,  local 
anesthesia  in,  1078 
upper,  operations  on,  local  anesthesia 
in,  1066 


Face,  operations  on,  local  anesthesia  in, 

1065 
Facial  artery,  ligation,  678 

over  inferior  maxillary,  678 
paralysis  after  removal  of  Gasserian 
ganglion,  980 
Facies  ovariana,  564 
Factories,  accidents  in,  first  aid,  925 

peculiarities,  929 
Fallopian  tube,  absence,  386 

inflammation,    550.     See   also   Sal- 
pingitis. 
rudimentary,  386 
surgery,  550 
tumors,  558 
False  aneurism,  216 

structure  of  sac  in,  220 
Family  history  in  gynecologic  examina- 
tion, 354 
Farabeufs  method   of  amputating   leg 
at  lower  third,  855 
at  upper  third,  860 
of  disarticulation  at  elbow-joint,  822 
of  foot  at   subastragaloid  joint, 

850 
of  great  toe,  840 

of    index-finger    at    metacarpo- 
phalangeal joint,  813 
of  little  finger  at  metacarpopha- 
langeal joint,  813 
toe,  841 
of  thumb  at  metacarpophalangeal 
joint,  812 
of  excising  calcaneum,  771 
Fat-embolism  in  wounds  of  veins,  168 
Fecal  accumulation  and  cysts  of  ovary, 
differentiation,  567 
fistula  in  female,  458 
treatment,  459 
Fees  of  surgeon  as  expert  witness,  1184 
Femoral  aneurism,  342 
extirpation  in,  343 


Femoral  aneurism,  intrasaccular  endo- 
aneurismorrhaphy  in,  344 
treatment,  338,  343 
artery,  common,  compression  of,  for 
prophylactic  hemostasis,  188 
ligation,  713.     See  also  Ligation  of 
femoral  artery. 
hernia,  local  anesthesia  in,  1074 
vein,  ligation,  169 
suture,  172 
Femorotibial  osteoplastic  amputation  of 

leg,  866 
Femur,    osteotomy   of,    749.    See   also 
Osteotomy  of  femur. 
resection,  769 
Fergusson's  method  of  excising  upper 

jaw,  754 
Ferripyrin  in  hemorrhage,  206 
Fetus,    secondary    development,    after 
rupture   in   extra-uterine   pregnancy, 
580 
Fibrillar  action  of  heart,  48 
Fibrocystic  tumors  of  uterus,  523 
Fibroids  of  uterus,  517 

and  cysts  of  ovary,  differentiation, 

569 
calcification  in,  524 
complications,  524 
course,  526 
diagnosis,  521 
etiology,  520 
prognosis,  526 

removal,  by  enucleation,  528,  529 
by  excision,  528 
by  hysterectomy,  529 
by  morcellement,  529 
by  panhysterectomy,  530 
by    supravaginal    hysterectomy, 

530 
by  torsion,  528 
symptoms,  520 
treatment,  527 
Fibromyoma  of  ovary,  564 
of  vagina,  411 
of  vulva,  403 
Fibromyxoma  of  uterus,  524 
Fibula,  resection,  770 
Fifth  nerve,  intracranial  surgery,  964 
Filigalvanopuncture  in  aneurism,  251 
Filipuncture  in  aneurism,  251 
Finger,    index-,    disarticulation    of,    at 
metacarpophalangeal  joint,  813 
inner,  disarticulation  of,  with  metacar- 
pal, 814 
little,  disarticulation  of,  at  metacarpo- 
phalangeal joint,  813 
Fingers,  amputation,  at  first  phalanx,  809 
at  last  phalanx,  807 
at  second  phalanx,  809 
with  parts  of  metacarpals,  814 
disarticulation  of,   at   first   interpha- 
langeal  joints,  809 
at  metacarpophalangeal  ioints,  809 
at  second  interphalangeal  joints,  808 
excluding  thumb,  with  metacarpals, 
817 
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Finney's  portable  operating  table,  633 
First  aid  in  accidents,  930 

in  factories,  mills,  and  mines,  925 
in  industrial  establishments,  924 
Fistula,  enterovaginal,  458 
fecal,  in  female,  458 
in  female,  446 
rectoperineal,  458 
rectovaginal,  458 
ureteral,  in  female,  diagnosis,  448 
ureterovaginal,  closure  of,  454,  455 
ureterovesicovaginal,  450,  456 
urethrovaginal,  diagnosis,  448 
urinary,  in  female,  446.  See  also 

Urinary  fistula  in  female. 
vesical,  in  female,  diagnosis,  448 
vesicovaginal,    denudation    operation 
for,  450 
after-treatment,  450 
vesico-uterine,  closure  of,  454 
Flaps,  free,  887,  890 

in  plastic  surgery,  887,  890 
pediculated,  890 
superimposed,  894 
transplantation  of,  893 
Flat  knot,  603 
Flexion  in  aneurism,  255 
Flint's  method  of  excising  knee-joint,  786 
Foot,  disarticulation  of,  at  ankle-joint, 
heel  flap,  852,  853 
at  subastragaloid  joint,  850 
Forbe's  method  of  disarticulation  of  toes, 

843 
Forceps,  Hudson's,  998 

tongue-holding,  Senn's,  1016 
Forceps-tourniquet,  Thomas',  830,  831 
Forcipressure  in  wounds  of  arteries,  1 12, 

113 
Forearm,  amputation,  lower  third,  modi- 
fied circular  method,  820 
upper  two-thirds,  820 
Foreign  bodies,  aseptic,  implantation  of, 
880,  895 
in  heart,  75 

x-rays  in,  56 
in  pericardium,  39 
in  vagina,  415 

treatment,  416 
in  veins,  168 
x-ray  for  detecting,  1151 
Formaldehyd  gas,  594 
Formalin,  594 

Fractures,     compound,     aseptic     bone- 
cavity  filling  in,  744 
x-rays  in,  1155 
Frazier's  method  of  dividing  auditory 
nerve,  996 
table  for  subtentorial  operations,  991 
Free  flap,  887,  890 

Freezing  methods  for  rapid  examination 
of    tissues    removed    for    laboratory 
diagnosis,  1207 
Freezing-point  of  isotonic  solutions,  1051 
French  method  of  symphysiotomy,  488 
Friedrich's  sign  in  adhesive  pericarditis, 
37 

vol.  v— 79 


Frouin's  method  of  arteriorrhaphy,  136, 

137 
Fusiform  aneurism,  221 


Gall-bladder,    perforation   of,    in   ty- 
phoid fever,  1 108 
Galvanization  in  aneurism,  251 
Ganglion,  Gasserian,  removal  of,  964.  See 
also  Gasserian  ganglion,  removal. 
tumors  of,  982 
treatment,  983 
Gangrene  after  infectious  diseases,  1119 
after  ligation  in  aneurism,  260 
after  typhoid  fever,  1 1 19 
in  plastic  surgery,  887 
of  extremities  in  arteriosclerosis,  sur- 
gical treatment,  96 
of  Tung  after  pneumonia,  1120 
treatment,  1121 
Gant's  osteotomy  of  upper  end  of  femur, 

750 
Gartner's  duct,  560 
Gas,  formaldehyd,  594 
illuminating,  accidents  from,  946 
asphyxiation  by,  1224 
symptoms,  1224 
treatment,  1225 
laughing,  1003 

sewer,  asphyxiation  by,  1227 
Gases,  accidents  from,  945 
Gaskell's  bridge,  47 
Gasserian  ganglion,  removal,  964 
Abbe's  method,  974 
anatomic  considerations,  965 
cerebral  complications,  979 
control  of  hemorrhage,  968 
cutaneous  anesthesia  after,  980 
discussion  of  various  procedures, 

971 
facial  paralysis  after,  890 
Hartley- Krause  method,  972 
historic  note,  965 
Horsley's  method,  973 
Hutchinson's  method,  973 
Kocher's  method,  973 
Lexer-Cushin^  method,  972 
ligation  of  middle  meningeal  ar- 
tery, 969 
method  of  approach,  967 
mortality,  977 

motor  disturbances  after,  981 
ocular  complications  after,  981 
posture  of  patient,  968 
recurrence  of  neuralgia  after,  978 
selection  and  size  of  opening  in 

skull,  967 
Spiller-Frazier  method,  974 
technic,  971 

trophic  disturbances  after,  981 
two-stage  operation,  972 
tumors,  9§2 
treatment,  983 
Gastro-intestinal  hemorrhage,  postoper- 
ative, 207 
non-septic,  207 
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Gastrointestinal  hemorrhage,  postoper- 
ative, septic,  207 

Gauze  mask,  635 

Gelatin  bandages  in  hemophilia,  214 
in  aneurism,  249 
in  hemorrhage,  206 
in  internal  hemorrhage,  204 

Genitourinary  organs,  female,  surgery 
of,  351 

Genu  valgum,  osteotomy  for,  751 

Giant-cell  sarcoma  of  bone,  x-ray  in,  1169 

Glandula?  parathyroidea?,  948 

Glans  of  clitoris,  adhesions,  399 

Gloves,  rubber,  640 
sterilization  of,  640 

Gluteal  artery,  ligation,  710 
upon  buttock,  710 

Glutol,  595 

Goiter,  exophthalmic,  x-rays  in,  1177 
influence  on  surgical  prognosis,  624 
operative  treatment,  959 

Gonorrhea,  influence  on  surgical  prog- 
nosis, 622 

Gonorrheal  condyloma  of  vulva,  401 
vulvitis,  389 

Gout,  x-rays  in,  1163 

Grafting,  bone-,  in  chronic  osteomyelitis, 
740 
mucous  membrane,  900 
skin-,  896.     See  also  Skin-grafting. 

Grafts  in  plastic  surgery,  887,  980 
transplantation  of,  893 

Granny  knot,  603 

Granulating  ulcers,  skin-grafting  in,  896 

Gravity  anemia,  186 

ischemia  with  elastic  constriction  for 
prophylactic  hemostasis,  192 

Gritti-Stokes    method    of     amputating 
thigh,  865 

GuSrin's  method  of  resecting  lower  seg- 
ment of  upper  jaw,  759 

Guinard's   procedure   for   aneurisms   of 
arch  of  aorta,  314 

Gunshot  wounds  of  arteries,  101 
of  heart,  51 
of  veins,  168 

Gutta-percha  tissue,  sterilization,  609 

Guyon  s  supramalleolar  method  of  am- 
putating leg,  854 

Gynecologic  examination,  351-378 
bacteriologic,  373 
physical,  359 
virgins,  374 

Gypsum  bandage    in    plastic    surgery, 
891 


Habits,  influence,  on  surgical  prognosis, 

619 
Habn's  method  of  excising  knee-joint, 

786 
Hall's   method   of   artificial   respiration 

during  anesthesia,  1014 
Halsted's  gradual  occlusion  of  arteries 
for  aneurism,  261 

line  of  anastomosis,  951 


Hands,    bacteriologic   examination,   re- 
sults, 1199 

chemical  sterilization,  639 

preparation  of,  for  operation,  636 
Hard  x-rays,  1147 
Harrington's  solution,  640 
Hartley-Krause    method    of    removing 

Gasserian  ganglion,  972 
Hartley's  method  of  ligating  intercostal 

artery,  703 
Hart's  treatment  for  aneurism,  255 
HartwelTs    method    of    transfusion    of 

blood,  617 
Head,  operations  on,  local  anesthesia  in, 
1064 

posture  of,  in  artificial  respiration  dur- 
ing anesthesia,  1014 
Headache  after  subarachnoid  anesthesia, 

1092 
Healing,  final,  of  wounds  of  arteries,  104 

of  arteries  after  ligation,  116 
Heart  action,  sudden  arrest,  in  wounds  of 
heart,  causes  of,  47 

apex  of,  method  of  defining,  42 

base  of,  method  of  defining,  42 

block,  48,  79 

bullets  in,  75 

compression,  44 

disease,  effect,  on  venous  hemorrhage, 
167 

effect   of   chloroform    anesthesia   on, 
1021 

fibrillar  action,  48 

foreign  bodies  in,  75 
x-rays  in,  56 

hemorrhage  from,  control  of,  by  digital 
compression,  44 

lesions,  influence,  on  surgical  progno- 
sis, 620 

massage  of,  81 

perforation,  51 

puncture,  in  pericardicentesis,  26,  29 

rupture,  51 

stimulation  of,  for  suspended  anima- 
tion, 80 

surgery,  41 
history,  41 

surgical  topography,  41 

suture  of,  44 

wounds  of,  51 

cardiorrhaphy  in,  68 
character,  51 
classification,  51 
clinical  career,  56 
complications,  56 
gunshot,  51 
incised,  51 
localization,  51 
punctured,  51 
symptoms,  53 
terminations,  56 
thoracotomy  in,  58 
treatment,  57 
Heat  as  sterilizing  agent,  592 

for  prophylactic  hemostasis,  193 

in  hemorrhage,  197 
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Hebosteotomy,  489 

Hebotomy,  489 

Hegar's  operation  for  incomplete  tears  of 

perineum,  430 
Hein-Kreysig  sign  in  adhesive  pericar- 
ditis, 36 
Heister's  mouth-opener,  1016 
Hematocolpometra,  381 
Hematocolpometrosalpinx,  381 
Hematocolpos,  381 

treatment,  381 
Hematoma,  174 

of  ovary  associated  with  fibroids  of 
uterus,  525 

ovarian,  558 

pudendal,  417 

pulsating,  107,  218 
Hematometra  and  cysts  of  ovary,  differ- 
entiation, 569 
Hematosalpinx,  551 

Hemoglobin,  effect  of  ether  and  chloro- 
form anesthesia  on,  1009 
Hemoglobin-index  as  guide  to  operative 

interference,  178 
Hemopathic  hemorrhage,  174 
Hemopericardium,  effect  of,  on  heart  ac- 
tion, 44 
Hemophilia,  211 

symptoms,  212 

treatment,  214 
Hemophilic  joints,  213 
Hemopoietics,  618 
Hemorrhage,  174 

adrenalin  in,  197,  206 

after  operation,  207.     See  also  Hem- 
orrhage, postoperative. 

antipynn  in,  206 

aqueous  plethora  after,  183 

arterial,  180 

autotransfusion  in,  196 

capillary,  180 

cerebral,  diagnosis  of,  1222 

changes  in  morphology  of  blood  after, 
177 

chemic  styptics  in,  206 

classification,  180 

clinical  characteristics,  181 

consecutive,  181 

definition,  174 

dyscrasic,  174 

enteroclysis  of  salt  solution  in,  203 

external,  174 

ferripyrin  in,  206 

from  heart,  control  of,  by  digital  com- 
pression, 44 

from  spleen  in  typhoid  fever,  1111 

gastro-inte-itinal,  after  operation,  207 
non-septic,  207 
septic,  207 

gelatin  in,  206 

heat  in,  197 

hemopat'iic,  174 

hemorrhagic  fever  after,  184 

Hunter's  method  of  treating,  196 

hypodermoclysis  of  salt  solution  in,  203 

in  accident  cases,  935 


Hemorrhage  in  operations  for  exposing 

auditory  nerve,  988 
intermediary,  181 
internal,  174 

calcium  chlorid  in,  204 

Carnot's  solution  in,  205 

constitutional  treatment,  203 

gelatin  in,  204 

milk  in,  205 

reconstructive  measures  in,  205 

stagnin  in,  205 

stypticin  in,  205 

thyroid  extract  in,  205 
into  pericardium,  effect  of,  on  heart 

action,  44 
intraperitoneal  saline  infusion  in,  203 
intravenous  saline  infusion  in,  198 

technic,  201 
leukocytosis  after,  178 
local  remedies  in,  205 
Locke's  solution  in,  200,  201 
medicinal  agents  in,  197 
Nllaton  position  in,  196 
neurotrophic  dyscrasic,  175 
non-surgical,  constitutional  treatment, 

203 
oil  of  turpentine  in,  207 
oxygen  in,  197 
parenchymatous,  181 
pathogeny,  174 

Pathologic,  174 
enghawar  Djambi  in,  205 
phenomena  alter,  183 
physiologic  data,  175 
postoperative,  207 

effect  of  jaundice  on,  209 

infectious  processes  as  cause,  208 

prognosis,  210 

treatment,  209 
prevention^  186.     See  also  Hemostasia, 

prophylactic. 
primary,  181 
quantitative  and  qualitative  changes 

in,  177 
reactionary,  181 
regeneration  of  blood  after,  178 
saline  infusion  in,  198 
secondary,  181 

from  purulent  peri-arteritis,  86 
Squibb 's  surgical  powder  in,  206 
surgical  varieties,  180 
symptomatology,  181 
traumatic,  174 
treatment,  195 

constitutional,  195 

systemic,  195 
venous,  180 

warning,  of  Pirogoff,  87 
Hemorrhagic  collapse  and  shock,  differ- 
entiation, 184 
diseases,  210 

fever  after  hemorrhage,  184 
infarcts,  174 
Hemorrhoids,  154 

Hemostasis,     natural,     in     wounds    of 
arteries,  101 
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Hemostasia,  prophylactic,  186 
atmokausis,  194 
cautery,  193 

circular  constriction,  189 
cold,  194 

compression  in,  188 
of  brachial,  188 
of  common  carotid,  188 

femoral,  188 
of  iliac  arteries,  188 
of  subclavian,  188 
Dawbarn's  method,  192 
elevation,  186 

of  head  and  trunk,  186 
Esmarch's  method,  190 
gravity  anemia,  186 

ischemia  with  elastic  constriction, 
192 
heat,  193 
hot- water,  194 

in  endo-aneurismorrhaphy/  278 
in  pelvic  and  sacral  operations,  186 
position,  186 
pressure,  187 

sequestration  anemia,  192 
tampon,  193 

temporary    instrumental    compres- 
sion of  arteries  for,  123 
vertical  elevation,  187 
provisional,  186 

in  gunshot  wounds  of  arteries,  101 
in  wounds  of  arteries,  101 
retarded  by  various  factors,  104 
spontaneous,    in   venous   hemorrhage 
from  wounds  of  veins,  166 
permanent,  in  wounds  of  arteries, 

104 
temporary,  in  wounds  of  arteries, 
101 
Heredity,   influence,   on   surgical  prog- 
nosis, 620 
Hermaphroditism,  379 
Hernia,  femoral,  local  anesthesia  in,  1074 
inguinal,  local  anesthesia  in,  1073 
umbilical,  local  anesthesia  in,  1075 
ventral,  local  anesthesia  in,  1075 
Herz- tamponade,  44,  54,  238 
Hewitt's  ether  inhaler,  1031 

non-asphyxial    method    of    inducing 
nitrous  oxid  anesthesia,  1036 
Hey's  method  of  amputating  leg  at  mid- 
dle third,  858 
Hip- joint,    ankylosis   of,    osteotomy    of 
femur  for,  749 
disarticulation     at,     anterior     racket 
method,  875 
local  anesthesia  in,  1080 
Wyeth's  method,  872 
excision,  782 

Baker's  method,  784 

by  anterior  incision,  784 

by  curved  incision,  784 

by  straight  external  incision,  783 

Liangenbeck's  method,  783 

Ollier's  method,  784 

Say  re's  method,  784 


Hip-joint,  excision,  White's  method,  784 
His'  muscular  bundle,  47 
Hodgkin'6  disease,  x-rays  in,  1177 
Hoffmeister's  method  of  sterilizing  cat- 
gut, 600 
Homorenon  as  local  anesthetic.  1059 
Horsehair  as  suture  material,  602 
Horseshoe  type  of  iliofemoral  phlebitis, 

147 
Horsley's  method  of  removing  Gasserian 

ganglion,  973 
Hospital  cars  on  railroads,  918 
conveniences  in  surgical  organization 

of  hospital,  1216 
surgical  organization,  1211 
ambulance  duty,  1222 
conferences  in,  1221 
conveniences  in,  1216 
methods  of  electing  members  of 
surgical  staff,  1214 
of  election  of  residents,  1214 
operating-room  in,  1219 
signing  of  documents,  1221 
surgical  instruments  in,  1220 
visiting  start  and  their  assistants, 
1211 
Hospitals,  railroad,  922 
Hot  water  for  prophylactic  hemostasis, 

194 
Hudson's  burrs,  997 

forceps,  998 
Hueter  s  method  of  excising  elbow-joint, 

779 
Humerus,  excision  of,  767 
of  head,  768 
of  lower  extremity,  768 
of  shaft,  768 
of  total,  768 
Hunter's  method  of  treating  hemorrhage, 
196 
operation  for  aneurism,  255,  256,  257 
objections  to,  258 
Hutchinson's  method  of  removing  Gas- 
serian ganglion,  973 
Hydramnios  and  cysts  of  ovary,  differ- 
entiation, 568 
Hydrocele  muliebris,  404 
of  canal  of  Nuck,  404 
of  vulva,  404 
Hydrocolpos,  381 
Hydrogen  peroxid,  597 

sulphid  poisoning,  1227 
Hydrometra  and  cysts  of  ovary,  differ- 
entiation, 569 
Hydrops  tubae  profluens,  551 
Hydrosalpinx,  552,  556 
Hyperemia,  Bier's,  in  Bartholinitis,  391 
test,  Mozkowicz's,  in  amputation,  97 
Hypertonic  solution,  1051 
Hypertrophic  arthritis,  x-rays  in,  1163 
Hypertrophy  of  cervix,  472 
treatment,  473 
of  clitoris,  399 
of  labia  minora,  399 
of  prepuce  of  clitoris,  399 
of  vulva,  399 
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Hypodermic  syringe,  613 
Hypodermociysis,  614 

of  salt  solution  in  hemorrhage,  203 
Hypogastric  artery,  aneurism  of,  334 
Hypothetical  question  to  surgeon  as  ex- 
pert witness,  1 183 
Hypotonic  solution,  1051 
Hysterectomy,  539 

abdominal,  542 

Doyen's  method,  544 

for  fibroids,  529 

in  prolapse  of  uterus,  497 

operative  injuries,  549 

partial,  540 

subtotal,  542 

supravaginal,  for  fibroids,  530 

vaginal,  540 
after-treatment,  547 
Hysterotrachelorrhaphy,  476 

Iliac  aneurism,  333 
causes,  334 
external,  333 

treatment,  336 
internal,  334,  340 
symptoms,  341 
treatment,  341 
prognosis,  335 
symptoms,  335 
artery,  ligation,  for  aneurism  of  ab- 
dominal aorta,  314 
common,  ligation  of,  705 

by  retroperitoneal  method,  706 
compression,  for  prophylactic  hemos- 

tasis,  188 
external,  ligation  of,  711 

by  retroperitoneal  route,  71 1 
by  transperitoneal  route,  712 
internal,  ligation  of,  707 

by  retroperitoneal  method,  708 
by  transperitoneal  method,  708 
Iliofemoral  phlebitis,  horseshoe  type,  147 
Illuminating  gas,  accidents  from,  946 

asphyxiation  by,  1224,  1225 
Implantation  of  aseptic  foreign  bodies, 
880,  895 
in  plastic  surgery,  882,  895 
Incision,    exploratory,     in    gynecologic 

examination,  375 
Index,  hemoglobin-,  as  guide  to  opera- 
tive interference,  178 
Indol,  595 
Industrial  establishments,  accidents  in, 

924 
Infarcts,  hemorrhagic,  174 
Infection   in    subcutaneous    injuries   of 
arteries,  108 
influence  of,  on  organization  of  clot 

in  wounds  of  arteries,  105 
wound,   methods   of   preventing   and 
overcoming,  592 
sources  of,  591 
Infectious  diseases,  gangrene  after,  1 1 19 
surgery,  1101 
processes    as    cause  of  postoperative 
hemorrhages,  208 


Infiltration,  endoneural,  with  local  anes- 
thetizing agents  in  amputations,  802 
Inflammation  of  Fallopian  tubes,  550. 
See  also  Salpingitis. 
of  ovary,  558.     See  also  Oophoritis. 
of  uterus,  460.     See  also  Metritis. 
peri-uterine,   complicating  carcinoma 
of  uterus,  535 
Influenza,  surgery  of,  1139 
Infusion  apparatus,  614 
Inguinal  hernia,  local  anesthesia  in,  1073 
Inhaler,  Allis'  ether,  1029 
Clover's  ether,  1030 
Hewitt's  ether,  1031 
Junker's,  for  administering  chloroform, 

1024 
Luke's  ethyl  chlorid,  1039 
Ormsby's  ether,  1032 
Injuries,  multiple,  general  effects,  940 

relative  frequency,  941 
Innominate  aneurism,  316 

artery,  ligation,  667.     See  also  Liga- 
tion of  innominate  artery. 
Insanity,  sudden,  1230 
Instrumental  gynecologic  examination, 

369 
Instruments,  preparation,  for  operation, 
642 
sterilization,  642 
Insurance  of  surgeon,  legal  aspects,  1196 
Intercostal   artery,    ligation,    701.     See 

also  Ligation  of  intercostal  artery. 
Interilio-abdominal  amputation,  876 
Intermittent  claudication,  96 
Interpleural  space,  surgical  anatomy,  20 
Interpolation  of  tissue,  890 
Interrupted  suture,  602 
Interventricular    septum,    wounds    of, 
causes  of  sudden  arrest  of  heart  action 
in,  49 
Intestine,  injury,  in  ovariotomy,  573 
Intestines,   perforation    of,   in   typhoid 
fever,  1101 
diagnosis,  1104 
prognosis,  1105 
symptoms,  1103 
treatment,  1105 
Intima,  82 
Intoxication  of  surgeon,  legal  aspects, 

1189 
Intraperitoneal  saline  infusion  in  hemor- 
rhage, 203 
Intrasaccular  endo-aneurismorrhaphy  in 
external  iliac  aneurism,  338 
in  femoral  aneurism,  344 
method    of    endo-aneurismorrhaphy, 
281 
Annandale's,  281 
Kikuzi's,  283 
Matas',  276 
Syme's,  281 
Intra- uterine  inversion  of  uterus,  511 
Intra  vaginal  inversion  of  uterus,  511 
Intravenous  saline   infusion   in  hemor- 
rhage, 198 
technic,  201 
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Intubation  in  diphtheria,  1 135 
Invereion  of  uterus,  511 

diagnosis,  513 

etiology,  512 

extravaginal,  511 

intra-uterine,  511 

Kiistner's  operation  for,  517 

Marcy's  operation  for,  517 

Montgomery's  operation  for,  517 

non-puerperal,  512 

puerperal,  511 

symptoms,  513 

taxis  in,  516 

Thomas'  operation  for,  517 

treatment,  515 
Iodin,  595 

method  of  sterilizing  catgut,  599 
Iodoform,  595 

Ischemia,  gravity,  with  elastic  constric- 
tion, Tor   prophylactic   hemostasis, 

192 
of    lower   or   infra-umbilical    half   of 

body  by  circular  elastic  constriction, 

Momburg's  method  of  obtaining,  189 
Ischiococcygeus  muscle,  420 
Isotonic  solutions,  1051 

freezing-point,  1051 
Italian  metliod  of  symphysiotomy,  488 


Jaboulay  and  Briau  method  of  circular 

arteriorrbaphy,  132 
Jaccoud's  sign  in  adhesive  pericarditis,  37 
Jaeger-Bona  method  of  disarticulation  of 

toes,  843 
Jaundice,    effect    of,    on    postoperative 

hemorrhage,  209 
Jaw,    lower,   ankylosis    of,    Esm  arch's 
operation  for,  762 
operations  for,  762 
condyle  of,  excision,  762 
excision  of,  761 
entire,  762 
half  of  body,  761 

and  ramus,  761 
of  segment,  762 
plumper  after,  765 
prosthetic  apparatus  after,  765 
temporary,  762 

Langenbeck's  method,  762 
lateral  operation,  762 
median  operation,  762 
S&iillot's  method,  762 
upper,  excision  of,  753 

by  external  incision,  756 
by  mediolateral  incision,  754 
Diffenbach's  method,  757 
Fergusson's  method,  754 
Langenbeck's  method,  757 
lower  segment,  759 

Guerin's  method,  759 
Malgaigne's  method,  757 
Nolaton's  method,  754 
Ollier's  method,  754,  757 
plumper  after,  763 
prosthetic  apparatus  after,  763 


Jaw,  upper,  excision  of,  simultaneous, 
757 
subperiosteal,  758 
upper  segment,  759 
Velpeau's  method,  754,  757 
Weber's  method,  754 
operations  through,  to  gain  access 

to  nasopharynx,  759 
resection   of,    753.     See   also   Jaw, 
upper,  excision  of. 
Joani's  clamp  applied  in  lateral  arterior- 
rhaphy,  128 
method    of    isolating    and    exposing 
arteries  for  lateral  arteriorrhaphy, 
127 
Jobert's    method    of    ligating    popliteal 

artery,  719 
Johnson's  method  of  sterilizing  catgut, 

600 
Joints,  diseases  of,  in  typhoid  fever,  1117 
erasion,  774 
excision,  774 
hemophilic,  213 
infections  of,  non-suppurative,  x-rays 

in,  1163 
operations  on,  732 
resection,  774 
Jordan's  method  of  amputating  arm  at 

shoulder- joint,  827 
Jores'  type  of  arteriosclerosis,  91 
Joseph's   operation   for   reducing   large 

nose,  911 
Jugular  vein,  ligation,  170 
Junker's  chloroform  inhaler,  1024 


Kangaroo  tendon,  601 
Keegan's  method  of  rhinoplasty,  906 
Keen's  interilio-abdominal  amputation, 
876 
operation  for  cranial  defects,  748 
Keimccntren,  179 

Kellar's  operation  for  varicose  veins,  163 
Keloid,  x-rays  in,  1175 
Kidney  diseases,  influence,  on  surgical 
prognosis,  621 
transplantation  of,  883 
Kidneys,  effect  of  chloroform  on,  1006 
of  ether  on,  1007 
effects  of  multiple  injuries  on,  940 
Kikuzi's  intrasaccular  method  of  endo- 

aneurismorrhaphy,  283 
Knee-joint,  arthrectomy  of,  787 
Senn's  method,  787 
Volkmann's  method,  787 
Warbasse's  method,  787 
disarticulation  at,  863 
erasion,  787 
excision,  784 

Flint's  method,  786 
Hahn's  method,  786 
Kocher's  method,  786 
Ollier's  method,  786 
Volkmann's  method,  786 
Walkowitch's  method,  786 
Knock-knee,  osteotomy  for,  751 
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Knot,  flat,  603 
granny,  603 
reef,  603 

stay-,  of  Ballance  and  Edmunds,  663 
surgeon's,  603,  662 
Kocher's  method  of  excising  ankle-joint, 
788 
knee-joint,  786 
shoulder-joint,  776 
of  excision  of  scapula,  767 
of  exploratory  pericardiotomy     in 
wounds  of  heart,  61 
Rehn's  modification,  62 
of  removing  Gasserian  ganglion,  973 
Kolpocleisis  in  vesicovaginal  fistula,  457 
Korotkow's  test  for  choice  of  operation  in 

aneurism,  273 
Kraemer's  operation  for  varicose  veins, 

161 
Kraurosis  vulvae,  398 

treatment,  399 
Krause's  method  of  dividing  auditory 
nerve,  995 
of  skin-grafting,  896,  899 
Kronecker-Schmey  center,  47 
Kussmaul's  sign  in  adhesive  pericardi- 
tis, 37 
Kustncr's    operation    for    inversion    of 

uterus,  517 
Kystogenic  aneurism,  218 


Labia  minora,  hypertrophy  of,  399 
Laboratory  as  aid  to  surgical  technic  and 
diagnosis,  1198 
control  of  operative  technic,  1198 
diagnosis,  bacteriologic  specimens  for, 
method  of  collecting,  1202 
method  of  collecting  fluids  for,  1203 
of  making  inoculations  for,  1203 
of  transportation  of  media,  sterile 
tubes,  bottles,  etc.,  for,  1204 
procuring  and  handling  specimens 

intended  for,  1201 
spreads  of  suspected  material  in, 

1205 
tissues  removed  for,  1206 

freezing  methods  for  rapid  ex- 
amination, 1207 
rapid  examination,  1206 
serial  sections  for  rapid  examin- 
ation, 1206 
Laborde's  method  of  artificial  respiration 

during  anesthesia,  1014 
Laceration  of  arteries,  104 

of  cervix,  473.     See  also  Cervix,  lacera- 
tion of. 
of  perineum,  423.     See  also  Perineum, 
tears  of. 
Lafay's  aseptic  bottle,  1204 
Laminectomy,  local  anesthesia  in,  1070 
Langenbeck's  method  of  excising  elbow- 
joint,  779 
hip- joint,  783 
shoulder-joint,  776 
upper  jaw,  757 


Langenbeck's  method  of  excising  wrist- 
joint,  782 
of  temporary  division  of  lower  jaw, 
762 
Larrey's   method   of  disarticulation  at 

shoulder-joint,  833 
Larynx,  typhoid,  1118 
Lauenstein  s  method  of  excising  ankle- 
joint,  787 
Laughing  gas,  1003 
Lee's  method  of  sterilizing  catgut,  600 
support  for  maintaining  sitting  pos- 
ture, 651,  652 
Leg,  amputation  of,  at  lower  third,  855 
at  middle  third,  858 
at  upper  third,  860 
femorotibial  osteoplastic,  866 
local  anesthesia  in,  1080 
osteoplastic,  856 

at  upper  third,  862 
supramalleolar  region,  854 
Legal  relations  of  surgeon,  1180 
Letheon,  1002 

Leukocytosis  after  hemorrhage,  178 
Leukorrhea    in    gynecologic    examina- 
tion, 357 
Levator  ani  muscle,  419 
Lexer-Cushing  method  of  removing  Gas- 
serian ganglion,  972 
Lexer's  method  of  rhinoplasty,  905 
Ligaments,  broad,  cysts  of,  561 
surgery  of,  550 
round,  shortening  of,  for  retroversion 

of  uterus,  508 
uterosacral,  shortening  of,  for  retro- 
version of  uterus,  510 
Ligation  anesthesia,  1049 

for  external  carotid  aneurisms,  326 

iliac  aneurism,  337 
for  internal  carotid  aneurism,  324 
for  subclavian  aneurism,  328 
for  venous  hemorrhage,  168 
in  aneurism,  256 
distal,  256 
double,  257 
gangrene  after,  260 
of  abdominal  aorta,  312 
of  thoracic  aorta,  314 

Brasdor's  principle,  314 
proximal,  257 
objections  to,  258 
in  carotid  aneurism,  319 
in    continuity    in    subcutaneous    in- 
juries of  arteries,  110 
in  innominate  aneurism,  316 
in  popliteal  aneurism,  349 

relapses  after,  349 
of  abdominal  aorta,  704 

by  transperitoneal  method,  704 
through  retroperitoneal  approach, 
705 
of  arteries,  115,  655 
after-treatment,  665 
clearing  artery,  660 
closure  of  wound,  665 
collateral  circulation  after,  118 
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Ligation  of  arteries,  collateral   circula- 
tion after,  causes  interfering  with, 
119 
double,  665 

exposure  of  artery,  658 
general  considerations,  655 
healing  after,  1 16 
immediate,  655 
incision,  657 
deep,  658 

position  and  direction,  657 
superficial,  657 
indications,  655 
instruments,  655 
intermediate,  124,  655 
ligature  materials,  656 
opening  sheath,  659 
passing  ligature,  661 
permanent,  655 
preliminary  control  of  circulation, 

656 
preparation,  655 
rules  for,  119 
single,  655 
temporary,  655 
terminal,  655 
tying  knot,  663 
of  axillary  artery,  170,  687 
first  part,  688 
third  part,  690 
of  brachial  artery,  691 
at  bend  of  elbow,  692 
in  middle  of  arm,  691 
of  carotid  artery,  common,  672 

above  omohyoid  muscle,  673 
below  omohyoid  muscle,  674 
external,  674 

above  digastric  muscle,  676 
below  digastric  muscle,  675 
internal,  682 
of  facial  artery,  678 

over  inferior  maxillary,  678 
of  femoral  artery,  713 

common,  at  base  of  Scarpa's  tri- 
angle, 715 
superficial,   at  apex  of   Scarpa's 
triangle,  716 
in  Hunter's  canal,  717 
vein,  169 
of  gluteal  artery.  710 

upon  buttock,  710 
of  iliac  arteries  for  aneurism  of  ab- 
dominal aorta,  314 
common,  705 

by     retroperitoneal     method, 
706 
external,  711 

by  retroperitoneal  route,  711 
by  transperitoneal  route,  712 
internal,  707 

by  retroperitoneal  method,  708 
by  transperitoneal  method,  708 
of  innominate  artery,  667 

Bardenheuer's  method,  670 
by  angular  incision,  668 
by  oblique  incision,  669 


Ligation  of  innominate  artery  by  partial 
bony  resection  through  trans- 
verse and  vertical  incisions,  670 
by   splitting   manubrium   sterni, 

671 
Mott's  method,  668 
of  intercostal  artery,  701 

by  intercostal  incision,  702 

by  partial  subperiosteal  excision 

of  rib,  703 
Hartley's  method,  703 
of  jugular  vein,  170 
of  large  venous  trunks,  collateral  cir- 
culation after,  169 
of  lingual  artery,  676 

beneath  hyoglossus,  676 
of  mammary  artery,  internal,  686 

in  second  intercostal  space,  687 
of  meningeal  artery,  middle,  680 
anterior  branch,  682 
in  removal  of  Gaseerian  gan- 
glion, 969 
posterior  branch,  682 
trunk  of,  681 
of  occipital  artery,  679 

benind  mastoid  process,  679 
of  peripheral  arteries  for  aneurism  of 

arch  of  aorta,  314 
of  peroneal  artery,  729 

in  middle  of  leg,  730 
of  popliteal  artery,  718 

in  lower  part  of  popliteal  space, 

721 
in  upper  part  of  popliteal  space, 

719 
Jobert's  method,  719 
vein,  170 
of  pudic  artery,  internal,  709 
of  radial  artery,  693 

deep  palmar  branch,  696 
in  lower  third  of  forearm,  696 
in  upper  third  of  forearm,  694 
of  sciatic  artery,  708 

upon  buttock,  708 
of  subclavian  artery,  170,  683 
left,  first  portion,  684 
right,  first  portion,  683 
third  portion,  684 
of  temporal  artery,  680 

just  above  zygoma,  680 
of  tibial  artery,  anterior,  724 
in  lower  third,  726 
in  upper  third,  724 
posterior,  727 

behind  internal  malleolus,  729 
in  middle  third,  727 
of  ulnar  artery,  698 

in  lower  third  of  forearm,  701 
in  middle  third  of  forearm,  699 
of  veins,  168 
of  vena  cava,  170 

portae,  170 

of  vertebral  artery,  686 

Ligatures,  115,  598 

action  of,  116 

en  masse,  124 
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Ligatures,  fate  of,  1 16 
materials  for  ligation  of  artery,  656 
passing,  in  ligation  of  artery,  661 
provisional,  122 
tying  of,  602 
in  ligation  of  artery,  663 
Lingual  artery,  ligation,  676 

beneath  hyoglossus,  676 
Lipoma  of  vulva,  403 
Lisfranc's  method  of  disarticulation  of 

toes,  848 
Lister's  method  of  excising  wrist-joint, 

782 
Liver,  cells  of,  effect  of  chloroform  anes- 
thesia on,  1010 
typhoid  infection,  1109 
Locke's  solution  in  hemorrhage,  200,  201 
Luke's  ethyl  chlorid  inhaler,  1039 
Lumbar    anesthesia,     1082.     See    also 
Anesthesia,  subarachnoid. 
puncture,  point  for,  in  subarachnoid 
anesthesia,  1096 
Lungs,  abscess  of,  after  pneumonia,  1 120 
treatment,  1121 
gangrene  of,  after  pneumonia,  1120 

treatment,  1121 
surgical  anatomy,  21 
wounds  of,  in  pericardicentesis,  30 
in  wounds  of  heart,  treatment,  66 
Lupus  of  vulva,  393 

x-rays  in,  1175 
Lymphangitis      complicating      varicose 
veins,  155 
from  acute    inflammation    of    uterus, 
462,  463 
Lymphoma,    cervical,    operations    for, 

local  anesthesia  in,  1066 
Lysol,  594 


MacClure'8  method  of  sterilizing  cat- 
gut, 600 
Macewen's   method   of   compression   of 
abdominal  aorta,  189 
of  supracondyloid  osteotomy,  751 
operation  for  aneurism,  251 
Mackenrodt's  operation  for  retroversion 
of  uterus,  5 1 1 
for  urethrovesicovaginal  fistula,  452 
for  vesicovaginal  fistula,  452 
Malformations  of  female  genito-urinary 
organs,  380 
of  uterus,  383 
of  vagina,  381 
Malgaigne's  method  of  excising  upper 

jaw,  757 
Malpractice,  1186 

negligence  of  surgeon,  1186 
responsibiiitv  of  surgeon  for  acts'  of 

others,  1190 
restrictions    on    liability   of    surgeon, 
1190 
Mammary  artery,  internal,  ligation  of, 
686 
in  second  intercostal  space,  687 
surgical  anatomy,  19 


Mammary  vessels,  internal,  injury  to, 
in   pericardicentesis,  30 

Marcy's  operation  for  inversion  of  uterus, 
517 

Marital  history  in  gynecologic  examina- 
tion, 357 

Marmorek's  serum  in  puerperal  sepsis, 
1130 

Mask,  gauze,  635 

Skinner's,  for  administering  chloro- 
form, 1024 

Mason's    operation    on    cicatricial    de- 
formity of  chin  and  neck,  903 

Massage  of  heart,  81 

Matas'   intrasaccular  method   of  endo- 
aneurismorrhaphy,  276 
operation  for  aneurism,  268 
point  in  pericardicentesis,  29 

Mayo '8    operation    for    varicose    veins, 
161 

McBurney's  muscle-splitting  principle  in 
exploratory  pericardiotomy,  63 

Measles,  surgery  of,  1134 

Meatotomy,  local  anesthesia  in,  1077 

Mechanical  arteriosclerosis,  93 

Mediastinopericarditis,  36 

Mediastinum,  anterior,  surgical  anatomy, 
20 

Meloplasty,  882 

Meningeal  artery,  middle,  ligation  of,  680 
anterior  branch,  682 
in  removal  of  Gasserian  gan- 
glion, 969 
posterior  branch,  682 
trunk  of,  681 

Meningism  after  subarachnoid  anesthe- 
sia, 1092 

Menopause,  356 

Menorrhagia  in  gynecologic  examination, 
356 

Menstrual    history    in    gynecologic    ex- 
amination, 355 

Menstruation,  disturbances  of,  in  gyne- 
cologic examination,  356 

Mensuration,  abdominal,  in  gynecologic 
examination,  362 
1  Mercury,  bichlorid  of,  592 
biniodid  of,  593 

Mesarteritis,  85 

Mesophiebitis,  144 

Metacarpal  bones,  excision,  768 

Metastatic  phlebitis,  145 

Metatarsal  nones,  excision,  774 

Metatarsophalangeal    joint,     first,     ex- 
cision of,  789 

Metritis,  460 
acute,  461 
chronic,  469 
curettage  in,  470 

Metrorrhagia   in   gynecologic   examina- 
tion, 356 

Michel's  metal  clips,  647 

Mikulicz's  method  of  excising  astragalus 
and  calcaneum,  773 
operation  for  aneurism,  264 

Milk  in  internal  hemorrhage,  205 
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Milk-leg  from  acute  inflammation  of 
uterus,  462,  463 

Milligan's  method  of  dividing  auditory 
nerve,  996 

Mills,  accidents  in,  first  aid,  925 
peculiarities,  929 

Mill-wheel  bruit  in  wounds  of  heart,  55 

Mines,  accidents  in,  915 
first  aid,  925 
peculiarities,  929 

Mintz's  method  of  pericardiotomy,  34 

Mixed  infections  in  phlebitis,  145 

Moenckeberg  type  of  arteriosclerosis,  91 

Momburg's  method  of  obtaining  ische- 
mia of  lower  or  infra-umbilical  half 
of  body  by  circular  elastic  constric- 
tion, 189 

Montgomery's    method    of    shortening 
round  ligaments  for  retroversion  of 
uterus,  5C9 
operation  for  inversion  of  uterus,  517 
for  posterior  colpoccle  and  rectocele, 
438 

Moore-Corradi  operation  for  aneurism, 
251 

Moore's  operation  for  aneurism,  251 

Morcellement  in  fibroids  of  uterus,  529 

Moreau's  method  of  excising  elbow- joint, 
780 

Moreschi's  operation  for  varicose  ulcers, 
159 

Mosetig-Moorhof  method  of  aseptic  bone- 
cavity  filling,  743 

Motor  disturbances  after  removal  of 
Gasserian  ganglion,  981 

Motor-car  injuries,  peculiarities,  927 

Mott's  method  of  hgating  innominate 
artery,  668 

Mouth,  care  of,  before  anesthesia,  1011 

Mouth-opener,  Heister's,  1016 

Movement  de  roulis  in  adhesive  peri- 
carditis, 37 

Moynihan's  method  of  sterilizing  catgut, 
599 

Mozkowicz's  hyperemia  test  in  amputa- 
tion, 97 

Mucous  membrane,  epithelioma  of,  ar-rays 
in,  1176 
grafting,  9C0 

Multiple  operations,  647 

Mumps,  surgery  of,  1134 

Murder,  Furgeon's  observations  in,  1230 

Murmur  in  aneurism,  236 

Murphv's  invagination  method  of  arte- 
riorrtaphy,  129 

Muscular  bundle  of  His,  47 

system,  effects  of  multiple  injuries  on, 
940 

Myocardium,  wounds  of,  causes  of  sud- 
den arrest  of  heart  action  in,  48 

Myoma  of  uterus,  517.  See  also  Fibroids 
of  uterus. 

Myomectomy,  529 

Nabotb,  ovules  of,  465 

Narath's  operation  for  varicose  veins,  161 


Nasopharynx,  gaining  access  to,  Annan- 
dale's  method,  760 
Boeckel's  operation,  760 
Denker's  method,  760 
Ollier's  method,  760 
operations  through  upper  jaw,  759 
Natural  nemostasis  in  wounds  of  arteries, 

101 
Nausea  after  operation,  treatment,  650 
Neck,  operations  on,  local  anesthesia  in, 

1066 
Necrosis  of  bone,   aseptic  bone-cavity 

filling  in,  744 
Needle-holder,  Allen's,  605 

Richter's,  605 
Needles,  605 

Needling  in  aneurism,  251 
Negligence  of  surgeon  in  malpractice, 

1186 
Nelaton's   method   of   excising    elbow- 
joint,  779 
shoulder-joint,  776 
upper  jaw,  754 
of  rhinoplasty,  907 
operation  lor  subtotal  loss  of  nose,  909 
position  in  hemorrhage,  196 
Nephritis  in  scarlet  fever,  1133 
Nerve,  acoustic,  neurofibroma  of,  divi- 
sion of  auditory  nerve  for,  993 
auditory,    intracranial   surgery,    984. 

See  also  Auditory  nerve. 
degeneration     following     endoneural 

anesthesia,  1056 
eighth,  intracranial  surgery,  984.    See 

also  A  uditory  nerve. 
fifth,  intracranial  surgery,  964 
pressure,  local  anesthesia  from,  1049 
trigeminal,  intracranial  surgery,  964 
Nerves,  blocking   of,  in   amputations, 

802,  1056 
Nervous  diseases,  influence,  on  surgical 
prognosis,  623 
on  varicose  veins,  152 
system,  effects  of  multiple  injuries  on, 
940 
Neuralgia  complicating  varicose  veins, 
150 
trigeminal,  pathogenesis  of,  964 

recurrence    of,    after    removal    of 

Gait  erian  ganglion,  978 
removal  of  Gasserian  ganglion  for, 
964.     See    also    Gasserian    gan* 
glion,  removal. 
Neurofibroma  of  acoustic  nerve,   divi- 
sion of  auditory  nerve  for,  993 
Neurotrophic  dyscrasic  hemorrhage,  175 
Nicholas'  treatment  of  osteomyelitis  of 

tibia,  737 
Nietert's  bruit  in  wounds  of  heart,  55 
Nitrous  oxid  anesthesia,  1034 
apparatus  for,  1034 
contraindications,  1038 
death-rate,  1005 
Hewitt's  method,  1036 
history,  1003 
non-asphyxial  method,  1036 
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Nitrous  oxid  anesthesia,  oxygen  with, 
1037 
physiologic  action,  1034 
use  of,  before  ether  or  chloroform 
anesthesia,  1041 
oxid-ether-chloroform  anesthesia,  1042 
Noble's  modification  of  Emmet's  opera- 
tion for  posterior  colpocele  and  recto- 
cele,  435 
Nose,  ala  of,  new,  construction  of,  912 
bent,  treatment  of,  912 
large,  Joseph's  operation  for  reducing, 

911 
lobule  of,  new,  construction  of,  9 12 
plastic  surgery,  904.     See  also  Rhino- 
plasty. 
saddle-,  treatment  of,  909 
septum    of,    new,     construction     of, 

912 
sunken,  Roberts'  operation  for,  910 

treatment,  909 
twisted,  treatment  of,  912 
Nosophen,  595 

Novocain  as  local  anesthetic,  1059 
as  subarachnoid  anesthetic,  1088 
Nuck's  canal,  hydrocele,  404 
Nurse's  operating  garb,  636 


Obesity,  influence,  on  surgical  prognosis, 

619 
Obliterative  endarteritis,  91,  94 
endo-aneurismorrhap'  y,  271 
Obturator  coccygeus,  420 
Occipital  artery,  ligation,  679 

behind  mastoid  process,  679 
Ocular  complications  after  removal  of 

Gasserian  ganglion,  981 
Ogston's    osteotomy    of    lower    end    of 

femur,  752- 
Oil  of  turpentine  in  hemorrhage,  207 
Oiled  silk,  sterilization,  609 
Ollier's  method  of  excising  astragalus, 
773 
elbow-joint,  777 
hip-joint,  784 
knee-joint,  786 
shoulder-joint,  775 
upper  jaw,  754,  757 
wrist- joint,  781 
of    exploratory    pericardiotomy    in 

wounJs  of  heart,  62 
of  gaining  access  to  nasopharynx, 
760 
Olshausen's  operation  for  retroversion  of 

uterus,  507 
Oophoritis,  558,  559 
diagnosis,  560 
symptoms,  559 
treatment,  560 
Operating  garb  for  nurse,  636 
for  surgeon,  636 
room,  589 
choice,  629 

in  private  house,  630 
in  hospital,  1219 


Operating  room,  preparation  of,  629 
table,  Finney's  portable,  633 

Frazier's,  for  subtentorial  operation, 
991 
Operation,  644 

preparation  for,  624 
dressing  and  transporting  patients, 

629 
emergency,  627 
of  field,  625 
of  patient,  624 

of  surgeon,  634.     See  also  Surgeon's 
preparation  for  operation. 
Operations,  multiple,  647 

synchronous,  647 
Orchitis,  typhoid,  1118 
Ormsby's  ether  inhaler,  1032 
Osteitis  deformans,  x-rays  in,  1167 
operations  for,  735 
typhoid,  1111 
Osteoma,  x-rays  in,  1169 
Osteomalacia,  x-rays  in,  1167 
Osteomyelitis,  acute,  operation  in,  735 
chronic,    aseptic    bone-cavity    filling, 
742.     See  also  Bone-cavity  filling, 
aseptic. 
autoplastic   operations   with   bone, 
739 
with  Boft  tissue,  738 
Bier's  operation,  740 
bone-grafting  and  transplantation, 

740 
operation  in,  737 
sequestrotomy  in,  737 
operations  for,  735 
subacute,  Nicholas'  treatment,  737 

operation  in,  736 
typhoid,  1113 
"  x-rays  in,  1 162 
x-rays  in,  1161 
Osteoplastic  amputation  of  leg,  856 
at  upper  third,  862 
femorotibial,  of  leg,  866 
operations,  747 

for  cranial  defects,  747 
resection  of  anterior  portion  of  palate, 
759 
of  hard  palate,  759 
Osteotomy,  cuneiform,  749 
for  knock-knee,  751 
of  femur,  749 

for  ankylosis  of  hip-joint,  749 
lower  end,  751 

Mace  wen's  operation,  751 
oblique  division  of  internal  con- 
dyle, 752 
Ogston's  operation,  752 
supracondyloid,  from  inner  side,  751 
upper  end,  749 

Adams'  operation,  750 
Gant's  operation,  750 
Volkmann's  operation,  750, 751 
of  long  bones,  748 
of  tibia,  752 

below  tuberosities,  752 
of  shaft,  753 
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Osteotomy,  subtrochanteric,  750 
Ovarian  apoplexy,  558 

hematoma,  558 

pregnancy,  575,  576 
Ovariotomy,  570 

after-treatment,  574 

contraindications,  570 

drainage  in,  573 

injury  of  bladder  in,  573 
of  intestine  in,  573 

instruments,  571 

preparatory  treatment,  571 

technic,  571 
Ovary,  absence  of,  386 

accessory,  387 

carcinoma,  564 

congenital  displacements,  387 

cysts,  561 .     See  also  Cysts  of  ovary. 

dermoid  tumors,  563 

nbromyoma,  564 

hematoma  of,  associated  with  fibroids 
of  uterus,  525 

inflammation,  558.     See  also  Oophori- 
tis. 

rudimentary,  387 

sarcoma,  564 

supernumerary,  387 

surgery,  558 

tumors  of,  complicating  carcinoma  of 
uterus,  535 
solid,  564 
treatment,  570 
Ovules  of  Naboth,  465 
Oxygen,  action  of,  on  wounds  and  infec- 
tions, 596 

in  hemorrhage,  197 

with  chloroform  or  ether  anesthesia, 
1033 

with  nitrous  oxid  anesthesia,  1037 
Ozone,  action  of,  on  wounds  and  infec- 
tions, 596 


Pain  after  operation,  treatment,  649 

Palate,  anterior  part,  osteoplastic  resec- 
tion, 759 
hard,  osteoplastic  resection,  759 

Palpation,  abdominal,  in  gynecologic  ex- 
amination, 361 

Panarteritis,  85 

Pancreatitis,  typhoid,  1110 

Panhysterectomy,  543 
Doyen's  method,  544 
for  fibroids,  530 

Papilloma,  hard,  of  vulva,  401 

Paquelin's  thermocautery,  612 

Paracentesis    pericardii,"  24.     See    also 
Pericardicentesis. 

Paraffin  in  plastic  surgery,  895 

Paralysis  during  subarachnoid  anesthe- 
sia, 1093 
facial,    after    removal    of    Gasserian 
ganglion,  980 

Paraphimosis,  operations  for,  local  anes- 
thesia in,  1077 

Parathyroid  bodies,  anatomy,  949 


Parathyroid  bodies,  blood-supply,  951 
embryology,  954 
functional  cells,  952 
histology,  952 
history,  948 
pathology,  955 
physiology,  954 
principal  cells,  952 
surgery,  948,  955 
tetany  after  removal,  954 
transplantation,  957 
Parenchymatous  hemorrhage,  181 
Parotitis,  surgery  of,  1134 
Parovarian  cysts,  560 

tumors,  560 
Parry's    method    of    dividing    auditory 

nerve,  995 
Pasquin's  operation  for  aneurism,  256, 

257 
Patching  arteries,  139 

of  veins,  172 
Payr's  method  of  circular  arteriorrhaphy 
with    absorbable    magnesium    rings,. 
130 
Pediculated  flap,  890 
Pelvic  aneurism,  340 

connective  tissue,  functions,  421 
diaphragm,  functions,  421 
floor,  injuries  of,  treatment,  426 

operations  on,  435 
operations,    prophylactic    hemostasia 

in,  186 
outlet,  puerperal  injuries,  419 
structures  in  female,  gross  anatomy, 

419 
support,  practical  study,  422 
Pelvis,  bones  of,  resection,  769 
Penghawar  Djambi  in  hemorrhage,  205 
Penis  captivus,  396 

operations  on,  local  anesthesia  in,  1076 
Percussion,   abdominal,    in   gynecologic 

examination,  362 
Perforation,  intestinal,  in  typhoid  fever, 
1101 
diagnosis,  1104 
prognosis,  1105 
symptoms,  1103 
treatment,  1105 
of  gall-bladder  in  typhoid  fever,  1108 
of  heart,  51 
Periarteritis,  85 
nodosa,  95 
suppurative,  86 
ulcerative,  86 
Pericardial  triangle  of  Voinitch-Siano- 

jentsky,  20,  28,  29 
Pericardicentesis,  24 

accidental  cardiocentesis,  29 

accidents,  29 

by  needle  or  capillary  trocar,  25 

depth  of  penetration*  29 

Dieulafoy's  method,  25 

drainage  after,  31 

dry  puncture,  29 

in  pericarditis,  results,  30 

infection  of  pleura  in,  26 
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Pericardicentesis,  injury  to  internal  mam- 
mary vessels,  30 

to  pleura,  30 
instruments,  28 
Matas'  point  in,  29 
open  method,  26,  27 
points  of  election  in,  24,  25 
puncture  of  heart,  26,  29 
results,  30 
Rotch's  point  in,  29 
selection  of  site  of  puncture,  24 
sudden  deaths,  30 
technic,  24 
Voinitch's  syringe,  28 

triangle  of  safety  in,  29 
wounding  coronary  vessels  in,  26 
wounds  of  lungs,  30 
Pericardiotomy,  31 

Allingham's  method,  33 
anesthesia  in,  31 
drainage  after,  34 
exploratory,  in  wounds  of  heart,  59 
history,  17 

local  anesthesia  in,  1068 
methods,  31 
Mintz's  method,  34 
postoperative  treatment,  34 
results,  35 

Riolan-Skielderup  method,  33 
with  resection,  31 
Pericarditis,  adhesive,  36 

Brauer's  operation  for,  37 

Broadbent's  sign  in,  37 

cardiolysis  for,  37 

cardioschesis  for,  37 

Friedrich's  sign  in,  37 

Hein-Kreysig^s  sign,  36 

Jaccoud's  sign  in,  37 

Kussmaul's  sign  in,  37 

movement  de  roulis  in,  37 

pulsus  paradoxus  in,  37 

Sanders'  sign  in,  36 

treatment,  37 

Williams'  sign  in,  37 
externa,  36 
in  pneumonia,  1 122 
interna,  36 

pericardicentesis  in,  results,  30 
plastic,  36.     See  also  Pericarditis,  ad- 
hesive. 
Pericardium,  calcification  of,  36 
distended,  relation  of,  to  heart,  21 
drainage  of,  after  cardiorrhaphy,  70 
foreign  bodies  in,  39 
hemorrhage  into,  effect  on  heart  action, 

44 
opening  of,  in  wounds  of  heart,  67 
puncture  of,  24.     See  also  Pericardi- 
centesis. 
quantity  of  liquid  in,  21 
surgery,  17 
wounds  of,  38,  40.      See  also   Heart, 

wounds  of. 
Perineorrhaphy,  435,  436 
Perineum,    injuries   of,   pathology   and 
symptoms,  423 


Perineum,  injuries  of,  treatment,  426 
lacerations   of,    423.     See   also   Peri- 
neum, tears  of. 
operations  on,  430 
tears  of,  423 
complete,  423 
accidental,  418 
operative  treatment,  431 
Ristine's  operation  for,  433 
Simpson's  operation  for,  434 
Tait's  operation  for,  431 
Wat  kins'  operation  for,  433 
deep,  423 

incomplete,  Hegar's  operation  for, 
430 
operative  treatment,  430 
intermediate  operation,  429 
plastic  operation,  429 
primary  operation,  426 
secondary  operation,  429 
superficial,  423 
treatment,  426 
Peri-o6phoritis,  558,  559 
Periosteal  dysplasia,  x-rays  in,  1 166 
Periosteitis,  operations  for,  735 
Periosteum,  elevating,  general  consider- 
ations, 732 
Periostitis,  typhoid,  1111 
Peripheral  arteries,  ligation,  for  aneurism 

of  arch  of  aorta,  314 
Periphlebitis,  144 
Peritoneal  effusion,  localized,  and  cysts 

of  ovary,  differentiation,  568 
Peritonitis  from  ruptured  extra-uterine 
pregnancy,  580 
in  pneumonia,  1123 
pneumococcic,  1124 
diagnosis,  1126 
prognosis,  1127 
treatment,  1127 
Peri-uterine  inflammation  complicating 

carcinoma  of  uterus,  535 
Permanganate  of  potassium,  595 
Peroneal  artery,  ligation,  729 

in  middle  of  leg,  730 
Peroxid  of  hydrogen,  597 
Pertussis,  surgery  of,  1136 
Pessary  in  prolapse  of  uterus,  493 
Phalanges,  excision  of,  769 
Philagnus'  operation  for  aneurism,  264 
Phimosis,  operations  for,  local  anesthesia 

in,  1077 
Phlebectasis,  152 
Phlebitis,  142 
aseptic,  143 
classification,  143 
clinical  history,  146 
complicating  varicose  veins,  155 
diagnosis,  148 
diffuse  pyogenic,  148 
etiology,  145 

iliofemoral,  horseshoe  type,  147 
influence  of,  on  varicose  veins,  152 
metastatic,  145 
mixed  infections  in,  145 
pathogenesis,  145 
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Phlebitis,  prognosis,  148 
purulent,  143 
symptomatology  and  chemical  his- 
tory, 147 
pyogenic,  symptomatology  and  clinical 

history,  147 
septic  non-pyogenic,  143 

pyogenic,  143 
symptomatology,  146 
toxic,  143 
treatment,  149 
constitutional,  149 
curative,  149 
local,  150 
operative,  150 
preventive,  149 
symptomatic,  150 
Phlebolymphangitis,  acute,  147 
Phleboplasty,  172 
Phleborrhaphy,  171 
circular,  172 
lateral,  171 
Phlegmasia  alba  dolens,  146 
Phlegmonous    thecitis,    operations    for, 

local  anesthesia  in,  1067 
Physocolpos,  381 

Physometra  and  cysts  of  ovary,  differ- 
entiation, 569 
Pirogoff 's  disarticulation  of  foot  at  ankle- 
joint,  853 
method  of  amputation  of  toes,  843 
warning  hemorrhages,  87 
Plague,  surgery  of,  1136 
Plasmase,  104 

Plaster,  adhesive,  in  surgical  work,  611 
Plastering  arteries,  139 
Plaster-of-Paris  bandages,  609 
Plastic  operation  for  tears  of  perineum, 
429 
strategic,  881 
pericarditis,  36.     See  also  Pericarditis, 

adhesive. 
surgery,  879 

flaps  in,  887,  890 
gangrene  in,  887 
general  principles,  881 
grafts  in,  887,  890 

fypsum  bandage  in,  891 
istory,  879 
implantation  in,  882,  895 
methods,  889 
paraffin  in,  895 
retrenchment  in,  895 
return  of  sensation  in,  888 
scars  in,  886 
suppuration  in,  887 
Plethora,  aqueous,  after  hemorrhage,  183 

influence,  on  surgical  prognosis,  619 
Pleura,  drainage  of,  after  cardiorrhaphy, 
70 
infection  of,  in  pericardicentesis,  26 
injury  to,  in  pericardicentesis,  30 
wounds  of,  in  wounds  of  heart,  treat- 
ment, 66 
Pleural    culs-de-sac,    anterior,    surgical 
anatomy,  19 


Pleuropericardial  infection  in  wounds  of 

heart,  67 
Pleurotomy,  local  anesthesia  in,  1068 
Plumper  after  excision  of  lower  jaw,  765 

of  upper  jaw,  763 
Pneumococcic  arthritis,  1127 
prognosis,  1128 
treatment,  1129 
pericarditis,  1122 
peritonitis,  1124 
diagnosis,  1126 
prognosis,  1127 
treatment,  1127 
Pneumococcus,  surgical  diseases  caused 

by,  1120 
Pneumonia,  abscess  of  lung  after,  1120 
treatment,  1121 
arthritis  in,  1 127 
prognosis,  1128 
treatment,  1129 
empyema  after,  1120 
gangrene  of  lung  after,  1 120 

treatment,  1121 
pericarditis  in,  1122 
peritonitis  in,  1 123 
pyopericarditis  in,  1123 
seropericarditis  in,  1 123 
surgical    conditions   associated    with, 
1120 
Pneumothorax  in  wounds  of  heart,  treat- 
ment, 66 
Point,  Matas',  in  pericardicentesis,  29 
Rotch's,  in  pericardicentesis,  29 
Voinitch's,  in  pericardicentesis,  29 
Points  of  election  in  pericardicentesis,  24, 

25 
Poisoning  by  hydrogen  sulphid,  1227 
by  illuminating  gas,  1224 
by  sewer-gas,  1227 

delayed,  from  chloroform  anesthesia, 
1026 
Polyarteritis  nodosa,  95 
Popliteal  aneuriFm,  344 

etiology  and  pathogenesis,  344 
ideal  operation  in,  350 
intrasaccular     endo-aneurismorrha- 

phy,  349 
ligation  in,  349 

relapses  after,  349 
lower,  345 

pathologic  anatomy,  345 
prognosis,  347 
radical  operation  in,  349 
symptoms,  347 
treatment,  347 

operative,  349 
upper,  345 
artery,  ligation  of,  718.     See  also  Li- 
gation of  popliteal  artery. 
vein,  ligation,  170 
Porro-Cesarean  section,  486 

technic,  487 
Porter's    method    of    exploratory    peri- 
cardiotomy in  wounds  of  heart,  62 
Postoperative  complications,  653 
treatment,  648 
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Po tain's  aspirating  apparatus,  614 
Potassium  lodid  in  aneurism,  248 

permanganate,  595 
Pregnancy,  abdominal,  576 

and  cysts  of  ovary,  differentiation,  568 
and  ovarian  cyst,  566 
appendicitis  in,  surgery,  1 129 
associated  with  carcinoma  of  uterus, 
535 
with  fibroids  of  uterus,  525 
cornual,  576 
ectopic,  575.     See  also  Extra-uterine 

pregnancy. 
extra-uterine,    575.     See   also   Extra- 
uterine pregnancy. 
influence  of,  on  varicose  veins,  152 
interstitial,  576 
ovarian,  575,  576 
pyelonephritis  of,  1131 
surgery  during,  1129 
tubal,  575,  576 

rupture  in,  577 
tubo-ovarian,  576 
Prepuce  of  clitoris,  adhesions,  399 

hypertrophy,  399 
Presenile  arteriosclerosis,  94 
Pressure  in  prophylactic  hemostasia,  187 
Procidentia,  490 
Prolapse  of  uterus,  490 
diagnosis,  492 
etiology,  491 
hysterectomy  in,  497 
pessary  in,  493 
symptoms  and  signs,  491 
treatment,  492 
operative,  494 
prophylactic,  492 
uterovaginal,  490 
vagino-uterine,  490 
Prosthetic  apparatus  after  excision  of 
lower  jaw,  765 
of  upper  jaw,  763 
Protargol,  596 
Protectives  in  surgery,  607 
Provisional     hemostasis     in     gunshot 
wounds  of  arteries,  101 
in  wounds  of  arteries,  101 
retarded  by  various  factors,  104 
ligature,  122 
median,  123 
technic,  122 
Pruritus  vulvae,  394 
treatment,  395 
Pseudohermaphroditism,  379 
androgynous,  379 
gynandrous,  379 
Pseudoprolapsus  of  cervix,  465,  491 
Psychic  shock  in  accident  cases,  935 
Pubiotomy,  489 
Pudendal  hematoma,  417 
Pudic  artery,  internal,  ligation  of,  709 
Puerperal  eclampsia,  surgical  treatment, 
1130 
fever,  463 

injuries  of  pelvic  outlet,  419 
sepsis,  Marmorek's  serum  in,  1130 


Puerperal    sepsis,    surgical    treatment, 
1130 
septic       thrombophlebitis,    operative 

treatment,  151 
vulvitis,  390 
Puerperium,  surgery  of,  1129 
Pulsating  abscess  and  aneurism,  differ- 
entiation, 239 
hematoma,  107,  218 
Pulsation  in  aneurism,  235 
Pulse,     changes    in,    in    arteriovenous 

aneurism,  298 
Pulsus  paradoxus  in  adhesive  pericardi- 
tis, 37 
Puncture,  dry,  in  pericardicentesis,  29 
lumbar,    point   for,    in   subarachnoid 

anesthesia,  1096 
of  heart  in  pericardicentesis,  26,  29 
of  pericardium,  24.  See  also  Pericardi- 
centesis. 
Purmann's  operation  for  aneurism,  264 
Purulent  arteritis,  86 
phlebitis,  143 

symptomatology  and   clinical   his- 
tory, 147 
Pyelonephritis  of  pregnancy,  1131 
Pyocolpos,  381 
Pyogenic  arteritis,  86 
phlebitis,  diffuse,  148 

symptomatology   and    clinical   his- 
tory, 146 
Pyopericarditis  in  pneumonia,  1123 
Pyosaipinx,  553 
double,  554 


Quarry  accidents,  peculiarities,  929 


Race  in  aneurism,  242 

Rachitis,  x-rays  in,  1164 

Radial  artery,  ligation,  693.     See  also 

Ligation  of  radial  artery. 
Radium  in  surgery,  1178 
Radius,  excision  of,  768 
Railroad  accidents,  915 
peculiarities,  926 
hospitals,  922 
surgeons,  meetings  of,  924 
Railroads,  hospital  cars   on,  918.     See 
also  Hospital  cars  on  railroads. 
surgical  staff,  organization  of,  917 
Reconstructive  endo-aneurismorrhaphy, 
271 
surgery,   879.     See   also   Plastic  sur- 
gery- 
Rectal  gynecologic  examination,  368 
Rectocele  in  female,  425 

Emmet's  outline  resection  for,  440 
Montgomery's  operation  for,  438 
Noble's    modification    of    Emmet's 

operation  for,  435 
operations  for,  435 
Tait's  oj)eration  for,  441 
Rectoperineal  fistula,  458 
Rectovaginal  fistula,  458 
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Rectum,  operations  on,  local  anesthesia 

in,  1077 
Red  clot,   functions  of,   in  wounds  of 
arteries,  102 
in  aneurism,  229 
Redressing  of  wound  after  operation,  648 
Reef  knot,  603 

Refrigeration  in  aneurism,  251 
Regeneration  of  arteries  after  arterior- 
rhaphy,  138 
of  blood,  178 
Rehn's  modification  of  Kocher's  method 
of     exploratory     pericardiotomy     in 
wounds  of  heart,  62 
Reid-Clementi    treatment   of  aneurism, 

254 
Reid's  treatment  of  aneurism,  254 
Relaxation  incisions,  889 

suture,  603 
Renal  calculi,  x-rays  in  detecting,  1 153 
Resection.     See  also  Excision. 
for  varicose  veins,  160 
of  bones,  753 

for  malignant  tumors,  745 
of   upper  jaw,  753.     See   also    Jaw, 
upper,  resection  of. 
Resections  etagees,  159 
Resident  surgeon,  methods  of  electing, 

1214 
Respiration,  artificial,  in  failure  of  respir- 
ation during  anesthesia,  1013 
failure  of,  during  anesthesia,  artificial 
respiration  in,  1013 
Respiratory   organs,   acute   lesions,   in- 
fluence, on  surgical  prognosis,  620 
system,  effect  of  chloroform  anesthe- 
sia on,  1019 
effects  of  multiple  injuries  on,  940 
Restorative  endo-aneurismorrhaphy,  271 
Retention  cysts  of  cervix,  465 
Retrenchment  in  plastic  surgery,  895 
Retroflexion  of  uterus,  502 

treatment,    503.     See    also    Retro- 
version of  uterus. 
Retroperitoneal    tumors    and    cysts    of 

ovary,  differentiation,  569 
Retroversion  of  uterus,  501 

Alexander's  operation  for,  507 
Duhrssen's  operation  for,  511 
Mackenrodt's  operation  for,  511 
Montgomery's  method  of  shortening 

round  ligaments  in,  509 
Olshausen's  operation  for,  507 
Schucking's  operation  for,  51 1 
Schultze's  treatment,  505 
shortening  of  uterosacral  ligaments 
for,  510 
of  round  ligaments  for,  508 
treatment,  503 
hygienic,  503 
mechanic,  504 
operative,  506 
vaginal  fixation  for,  511 

operations  for,  511 
ventrofixation  of  uterus  for,  507 
ventrosuspension  of  uterus  for,  507 


Reverdin's  method  of  skin-grafting,  896 
Rheumatism,  scarlatinal,  1133 

surgery  of,  1 133 
Rhinoplasty,  904 

brachial,  908 

complete,  882 

Keegan's  method,  906 

Lexer's  method,  905 

NSlaton's  method,  907 
subtotal  method,  909 

rial,  882 
,  resection  of,  local  anesthesia  in, 

1068 
Richter's  needle-holder,  605 
Rickets,  x-rays  in,  1164 
Riolan-Skielderup  method  of  pericardi- 
otomy, 33 
Ristine  s  operation  for  complete  tears  of 

perineum,  433 
Road,  law  of,  as  pertaining  to  surgeon, 

1196 
Roberts'  operation  for  sunken  nose,  910 
Rodent  ulcer,  x-ray  in,  1175 
Rdntgen  ray  in  surgery,  1143.     See  also 
I       X-ray. 

!   Rotation  of  aneurismal  sac,  223 
!   Rotch's  point  in  pericardicentesis,  29 
Rouge's  treatment  of  carotid  aneurism, 

319 
Round  ligaments,  shortening,  for  retro- 
version of  uterus,  508 
Rowntree's    fluid    for    preservation    of 

specimens,  1209 
Ruober  dam,  sterilization,  609 

gloves,  640 

sterilization,  640 

tissue,  sterilization,  609 
Ruhmkorff's  coil,  1144 
Rupture  in  aneurism,  signs,  238 

in  extra-uterine  pregnancy,  577 

of  arteries,  105 

of  cystic  tumor  of  ovary,  566 

of  heart,  51 

of  uterus,  479 
treatment,  480 

of  varicose  veins,  155 


Sacciform  aneurism,  218,  221 

Sacral  operations,  prophylactic  hemos- 
tasia in,  186 

Saddle-nose,  treatment,  909 

Salicylic  acid,  595 
i  Saline  infusion  in  hemorrhage,  198 
technic,  201 
intraperitoneal,  in  hemorrhage,  203 
solution,  596 

Salomoni's  method  of  circular  arterior- 
rhaphy,  132 

Salpingitis,  550 
chronic,  556 
diagnosis,  554 
symptoms,  554 
treatment,  556 

Salt  solution,  enteroclysis  of,  in  hemor- 
rhage, 203 
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Salt  solution,   hypodermoclysis    of,   in 
hemorrhage,  203 
mode  of  administering,  597 
normal,    in    circulatory    failure    in 
chloroform  anesthesia,  1026 
Sand-bags  in  surgical  work,  612 
Sanders'  sign  in  adhesive  pericarditis, 

36 
Sarcoma  and  aneurism,  differentiation, 
240 
giant-cell,  of  bone,  ar-rays  in,  1 169 
of  bone,  ar-rays  in,  1169,  1170 
of  ovary,  564 
of  uterus,  538 
and  carcinoma  of  uterus,  differentia- 
tion, 537 
of  vagina,  415 
of  vulva,  408 
x-rays  in,  1 176 
Sarcomatous   degeneration,    fibroids   of 

uterus  associated  with,  524 
Sayre's  method  of  excising  hip-joint,  784 
Scalds,  1228 

Scapula,  excision  of,  766 
Kocher's  method,  767 
of  head  of,  767 
Scarlatinal  rheumatism,  1133 
Scarlet  fever,  nephritis  in,  1133 

surgery,  1132 
Scarpa's  operation  for  aneurism,  255,  256 
Scars,  depressed,  operation  for,  889 

in  plastic  surgery,  886 
Schafer's  method  of  artificial  respiration 

during  anesthesia,  1013 
Schede's   clot    for   aseptic   bone-cavity 
filling,  742 
operation   and   its   modifications   for 
varicose  veins,  159 
for  urethrovaginal  fistula,  456 
Schroder's  operation  for   laceration   of 

cervix,  478 
Schucking's  operation   for  retroversion 

of  uterus,  511 
Schultze's  treatment  of  retroversion  of 

uterus,  505 
Schwartz's  test  for  insufficiency  of  valves 

in  varicose  veins,  154 
Sciatic  artery,  ligation,  708 

upon  Duttock,  708 
Scopolamin-morphin  anesthesia,  1043 
Scorbutus,  surgery  of,  1138 
Scrofuloderma,  x-rays  in,  1175 
Scrotum,  operations  on,  local  anesthesia 

in,  1077 
Scurvy,  surgery  of,  1 138 
Secreting  organs,  effect*  of  multiple  in- 
juries on,  940 
SeMillot's  method  of  temporary  division 

of  lower  jaw,  762 
Senile  arteriosclerosis,  92 
Senn's  method  of  arthrectomy  of  knee- 
joint,  787 
of  excising  shoulder-joint,  777 
tongue- holding  forceps,  1016 
Sensation,  return  of,  in  plastic  surgery, 
888 

vol.  v— 80 


Sepsis,  puerperal,  Marmorek's  serum  in, 
1130 
surgical  treatment,  1130 
Septic  endarteritis,  localized,  of  embolic 
(pyemic)  origin,  87 
non-pyogenic  phlebitis,  143 
pyogenic  phleoitis,  143 
thrombophlebitis,     acute,     operative 
treatment,  150 
puerperal,  operative  treatment,  151 
Septum,    interventricular,    wounds    of, 
causes  of  sudden  arrest  of  heart  ac- 
tion in,  49 
of  nose,  new,  construction  of,  912 
Sequestration  anemia  for  prophylactic 

hemostasis,  192 
Sequestrotomy  in  chronic  osteomyelitis, 

737 
Seropericarditis  in  pneumonia,  1123 
Serotherapy  in  hemophilia,  215 
Serum,  Marmorek's,  in  puerperal  sepsis, 
1130 
treatment,  Beebe's,  of  tetany,  follow- 
ing thyroidectomy,  957 
Sewer-gas,  asphyxiation  by,  1227 
Sex  in  aneurism,  242 
Sexual  organs,  diseases,  in  typhoid  fever, 

1118 
Shirt-stud  abscess  in  typhoid  fever,  1113 
Shock    after   abdominal    hysterectomy, 
treatment,  547 
and  hemorrhagic  collapse,  differentia- 
tion, 184 
delayed,  in  accident  cases,  935 
effect  of,  on  hemostasis  in  wounds  of 

arteries,  104 
electric,  treatment  of,  943 
in  accident  cases,  935 

treatment,  935 
psychic,  in  accident  cases,  935 
Shortening  of  round  ligaments  for  retro- 
version of  uterus,  508 
of  uterosacral  ligaments  for  retrover- 
sion of  uterus,  510 
Shoulder-joint,  disarticulation  at,  ante- 
rior racket  method,  829 
external  racket  method,  833 
excision,  775 

by  deltoid  flap,  776 

by   division   of   acromion   through 

posterior  incision,  776 
Kocher's  method,  776 
Langenbeck's  method,  776 
Nllaton's  method,  776 
OUier's  method,  775 
Senn's  method,  777 
through  anterior  incision,  775 
curved  osteoplastic  incision,  777 
transverse  incision,  776 
vertical  incision,  776 
Sianojentsky  and   Voinitch   triangle  of 

safety,  20,  28,  29 
Sign,    Broadbent's,    in    adhesive    peri- 
carditis, 37 
Fried  rich's,  in   adhesive   pericarditis, 
37 
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Sign,  Hein-Kreysig,   in  adhesive    peri- 
carditis, 36 
Jaccoud's,    in    adhesive    pericarditis, 

37 
KussmauTs,  in  adhesive  pericarditis, 

37 
Sanders',  in  adhesive  pericarditis,  36 
Williams',  in  adhesive  pericarditis,  37 

Silicate  of  soda  bandage,  610 

Silk  as  suture  and  ligature  material,  601 
oiled,  sterilization  of,  609 

Silkworm-gut,  601 

Silver  as  antiseptic,  596 
wire  as  suture  material,  602 

Simpson's  operation  for  complete  lacera- 
tions of  perineum,  434 

Sinus  infection,   endocranial,   operative 
treatment,  151 

Skene's  duct,  abscess  of,  392 
treatment,  393 

Skin,  cicatricial  deformities,  900 
effects  of  multiple  injuries  on,  940 

Skin-grafting,  896 
history,  880 

in  granulating  ulcers,  896 
Krause's  method,  896,  899 
local  anesthesia  in,  1079 
Reverdin's  method,  896 
Thiersch's  method,  896,  897 
Wolfe's  method,  896,  899 

Skinner's  mask  for  administering  chloro- 
form, 1024 

Skull,  Hudson's  burrs  and  forceps  for 
opening,  997 
means  of  opening,  997 

Small-pox,  surgery  of,  1139 

Smith's  disarticulation  at  knee-joint,  863 

Smoke  asphyxia,  1223 

Soft  r-rays,  1 1 47 

Sound,  uterine,  in  gynecologic  examina- 
tion, 370 

Space,  costoxiphoid,  33 

interpleural,  surgical  anatomy,  20 

Spangaro's  method  of  exploratory  peri- 
cardiotomy in  wounds  of  heart,  63 

Specimens,  definitive  preservation,  for  i 
museum  and  teaching  purposes,  ! 
1208  I 

intended  for  laboratory  diagnosis,  pro- 
curing and  1  land  ling,  1201  | 

Spence's   method   of   disarticulation   at 
shoulder-joint,  829 

Spiller-Frazier     method     of     removing 
Gasserian  ganglion,  974 

Spinal  anesthesia,  1082.     See  also  Anes- 
thesia, subarachnoid. 

Spine,  typhoid,  1114 
treatment,  1116 

Spleen,  abscess  of,  after  typhoid  fever, 
1110 
hemorrhage  from,   in  typhoid   fever, 

1111 
typhoid,  1110 

Sponges  in  surgery,  607 

Spongia  somnifera,  1000 

Sporadic  hemophilia,  211,  212 


Spreads  of  suspected  material  in  labora- 
tory diagnosis,  1205 
Squamous-cell  carcinoma  of  uterus,  530 
Squibb 's  surgical  powder  in  hemorrhage, 

206 
Ssabanajeff's    femorotibial    osteoplastic 

amputation  of  leg,  866 
Stagnin  in  aneurism,  248 

in  internal  hemorrhage,  205 
Stay-knot  of  Ballance  and  Edmunds,  663 
Steamboat  accidents,  peculiarities,  928 
Stenosis  of  vagina,  381 
Sterile  water,  plain,  during  operations, 

598 
Sterility  in  female,  582 
diagnosis,  584 
treatment,  585 
of  instruments  used  during  operation, 

method  of  determining,  1200 
of  materials   used   during  operation, 
method  of  determining,  1200 
Sterilization,  chemical,  of  hands,  639 
of  catgut,  598,  599.     See  also  Catgut, 

sterilization  of. 
of  drains,  608 
of  putta-percha  tissue,  609 
of  instruments,  642 
of  oiled  silk,  609 
of  rubber  dam,  609 
gloves,  640 
tissue,  609 
of  water,  incomplete,  for  operation, 
method  of  detecting,  1201 
Stich's  method  of  sterilizing  catgut,  601 
Stimulation  of  heart  for  suspended  ani- 
mation, 80 
Stomach,  care  of,  before  anesthesia,  1009 
St o vain  as  subarachnoid  anesthetic,  1087 
Strategic  plastic  operations,  881 
Stretcher,  coat,  934 

improvised,  934 
Stretching  of  arteries,  105 
Stricture    of    esophagus    after    typhoid 

fever,  1108 
Strychnin  in  circulatory  failure  in  chloro- 
form anesthesia,  1025 
Stump,  cicatrices  of,  position,  804 
Stypticin  in  internal  hemorrhage,  205 
Styptics,  cliemic,  in  hemorrhage,  206 
Subarachnoid  anesthesia,  1082.     See  also 

Anesthesia,  subarachnoid. 
Subclavian  aneurism,  327 
diagnosis,  327 
ligation  for,  328 
prognosis,  327 
symptoms,  327 
treatment,  328 
operative,  328 
artery,  compression,  for  prophylactic 
hemostasis,  188 
ligation,   170,  683.     See  also  Liga- 
tion of  subclavian  artery. 
vein,  suture,  172 
Subcuticular  suture,  603 
Subtrochanteric  osteotomy,  750 
Suicide,  surgeon's  observations  in,  1231 
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Sunken    nose,    Roberts'   operation    for, 
910 
treatment,  909 
Sunlight,  action  of,  on  bacteria,  597 
Suppuration  from  ruptured  extra-uterine 
pregnancy,  580 
in  plastic  surgery,  887 
in  subcutaneous  injuries  of  arteries, 
108 
Suppurative  oeriarteritis,  80 
Supracondyloid  osteotomy  of  femur  from 
inner  side,  751 
outer  side,  751 
Suprapubic  cystotomy,  local  anesthesia 

m,  1075 
Suprarenal  preparations  in  subarachnoid 

anesthesia,  1089 
Suprarenin  as  local  anesthetic,  1059 
Supravaginal  hysterectomy  for  fibroids, 

530 
Surgeon  as  witness,  1180 
expert,  1182 

cross-examination  of,  1184 
demeanor  of,  1184 
fees  of,  1184 

hypothetical  question,  1183 
quoting  books,  1 184 
skill  required,  1 183 
ordinary,  1180 

compulsory  attendance  in  court, 

1180 
dying  declarat  ions,  1181 
manner  of  testifying,  1181 
original  notes  of,  1180 
privileged  communications,  1182 
business  considerations,  legal  aspects, 

1195 
communications  not  privileged,  legal 

aspects,  1189 
drawing  wills  by,  legal  aspects,  1195 
duty  of,  in  cases  of  crime,  legal  aspects, 

1194 
ethical  considerations,   legal  aspects, 

1194 
financial  arrangements  as  to  cost  of 

operation,  legal  aspects,  1196 
general     standard     of     requirements, 

legal  aspects,  1187 
gratuitous  service,  legal  aspects,  1188 
insurance  of,  legal  aspects,  1196 
intoxication  of,  legal  aspects,  1189 
intrusion  of  non-professional  stranger 
by,  in  operation,  legal  aspects,  1196 
law  of  road  as  pertaining  to,  legal  as- 
pects, 1196 
legal  relations,  1180 
location  to  be  considered,  legal  aspects, 

1187 
must  continue  in  attendance,  legal  as- 
pects, 1189 
follow  established  modes  of  practice, 

legal  aspects,  1 1 89 
guard     patient    against   contagion, 

legal  aspects,  1189 
instruct  patient  and  nurse,  legal  as- 
pects, 1189 


Surgeon  must  obtain  consent  to  autopsy, 
legal  aspects,  1 188 
to  operation,  legal  aspects,  1188 
use  his  best  judgment  in  operation, 
legal  aspects,  1189 
obtaining  of  witnesses  by,   legal  as- 
pects, 1196 
ordinary  skill,  legal  aspects,  1187 
responsibility  of,  for  acts  of  others, 

legal  aspects,  1 190 
restrictions  on  liability  of,  legal  as- 
.pects,  1190 
Surgeon's  knot,  603,  662 
operating  garb,  636 
preparation  for  operation,  634 
hands,  636 
immediate,  635 
Surgeons,  railroad,  meetings  of,  924 
Surgical  diagnosis,  laboratory  as  aid  to, 
1198 
diseases  caused  by  pneumocoocus,  1 120 
instruments  in  organization  of  hospi- 
tal, 1220 
organization   of  hospital,    1211.     See 
also    Hospital,    surgical    organiza- 
tion. 
staff  of  hospital,  methods  of  electing, 
1214 
railroad,  organization,  917 
technic,  587 

laboratory  as  aid  to,  1198 

control,  1198 
materials  employed,  598 
study  of  patient,  619 
the  operation,  644 
Suture,  continuous,  602 
en  masse,  124 
interrupted,  602 
of  arteries,    125.     See  also   Arterior- 

rhaphy. 
of  cervix  for  lacerations,  476 
of  femoral  vein,  172 
of  heart,   control  of  hemorrhage  by 

digital  compression  during,  44 
of  subclavian  vein,  172 
of  veins,  171.     See  also  Ptdeborrhaphy. 
of  vena  portae,  172 
relaxation,  603 
subcuticular,  603 
Sutures,  598 
removal,  605 
tying  of,  602 
Swallowing  of  tongue  during  anesthesia, 

treatment  of,  1016 
Sylvester's  method  of  artificial  respira- 
tion during  anesthesia,  1013 
Symes'  disarticulation  of  foot  at  ankle- 
joint,  852 
intrasaccular  method  of  endo-aneuris- 
morrhaphy,  281 
Symphysiotomy,  487 
American  method,  488 
French  method,  488 
Italian  method,  488 
technic,  488 
Synchronous  operations,  647 
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Syphilis,  influence,  on  surgical  prognosis, 
621 
of  bones,  ar-rays  in,  1160,  1161 
Syphilitic  condyloma  of  vulva,  401 
ulceration  of  cervix  and  carcinoma  of 
uterus,  differentiation,  536 
Syringe,  hypodermic,  613 
for  local  anesthesia,  1061 
for  subarachnoid  anesthesia,  1095 


Table,  Finney's  portable  operatingt  633 

improvised  Trendelenburg,  632 
Tait's  operation  for  complete  laceration 
of  perineum,  431 
for  posterior  colpoccle  and  rectocele, 
441 
Tampon  for  prophylactic  hemostasis,  193 
Tarsal  bones,  excision,  770 
Taxis  in  inversion  of  uterus,  516 
Tcaie's  method  of  amputation  by  un- 
equal rectangular  flaps,  799 
Tears  of  perineum,  423.     See  also  Peri- 
neum, tears  of. 
Teeth,  extraction  of,  local  anesthesia  in, 

1065 
Temperament,    influence,    on    surgical 

prognosis,  619 
Temporal  artery,  ligation,  680 
just  above  zygoma,  680 
Tenaculum  in  gynecologic  examination, 

370 
Tendon,  kangaroo,  601 
Test,  blood-pressure,  as  aid  in  determin- 
ing form  of  endo-aneurifimorrhaphy, 
273 
curetment,   in   gynecologic   examina- 
tion, 372 
Delbet's,   for   insufficiency   of   valves 

in  varicose  veins,  154 
excision,  in  gynecologic  examination, 

372 
Korotkow's,  for  choice  of  operation  in 

aneurism,  273 
Moskowicz's   hyperemia,   in  amputa- 
tion, 97 
Schwartz's,  for  insufficiency  of  valves 

in  varicose  veins,  154 
Trendelenburg's,    for  insufficiency  of 
valves  in  varicose  veins,  154 
Testes,  operations  on,  local  anesthesia  in, 

1077 
Tetany  from  parathyroidectomy,  954 
parathyreopriva,  954,  955 
BeebVs  serum  treatment,  957 
Chvostek's  symptom  in,  956 
Erb's  symptom  in,  957 
Trousseau's  symptom  in,  956 
Thecitis,   phlegmonous,   operations   for, 

local  anesthesia  in,  1067 
Thermal  disinfection,  capsules  for  con- 
trolling, 1200 
Thermocautery,  613 

Paquelin's,  612 
Thiersch's  method  of  skin-grafting,  896, 
897 


Thiersch's  solution,  595 
Thigh,  amputation  of,  just  above  con- 
dyles of  femur,  865 
of  lower,  middle,  or  upper  third,  869 
third,  868 
Thirst  after  operation,  treatment,  650 
Thomas'  forceps-tourniquet,  830,  831 

operation  for  inversion  of  uterus,  517 
Thoracic  aorta,  aneurism  of,  ligation  in, 

314 
Thoracoplasty,  882 
Thoracotomy  in  wounds  of  heart,  58 
Thorax,  operations  on,  local  anesthesia 

in,  1068 
Thrill  in  arteriovenous  aneurism.  297 
Thrombectomy,  98 

for  varicose  veins,  161 
Thrombo-angiitis  obliterans,  95 
Thrombo-arterial    obstructions    of    ex- 
tremities,  observations  of  interest  in 
surgical  treatment,  96 
Thrombo-arteritis,  90 
Thrombophlebitis,  acute  septic,  opera- 
tive treatment,  150 
puerperal  septic,  operative  treatment, 
151 
Thrombosis,  146 

of  cerebral  arteries,  diagnosis,  1223 
Thrombus,  Broca's,  in  aneurism,  228, 229 
organization  of,  in  wounds  of  arteries, 
104 
influence  of  infection  on,  105 
red,  in  aneurism,  229 

or  passive,  functions,  in  wounds  of 
arteries,  102 
Schede's,  for  aseptic  bone-cavity  fill- 
ing, 742 
white,  functions  of,  in  wounds  of  arte- 
ries, 102 
in  aneurism,  228,  229 
Thumb,  disarticulation,  at  metacarpo- 
phalangeal joint,  812 
with  metacarpal,  815 
Thyroid  extract  in  hemophilia,  215 
in  internal  hemorrhage,  205 
gland,  transplantation,  882 
tumors,  influence,  on  surgical  prog- 
nosis, 624 
Tibia,  excision,  770 

osteotomy,   752.     See  also  Osteotomy 
of  tibia. 
Tibial  artery,  anterior,  ligation  of,  724 
in  lower  third,  726 
in  upper  third,  724 
posterior,  ligation  of,  727 

behind  internal  malleolus,  729 
in  middle  third,  727 
Tic  douloureux,  pathogenesis,  964 

recurrence,  after  removal  of  Gasse- 

rian  ganglion,  978 
removal  of  Gasserian  ganglion  for, 
964.     See  also  Gasserian  ganglion, 
removal. 
Tinnitus    aurium,   division  of  auditory 
nerve  for,  994 
operative  records,  995 
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Tissue,  displacement  of,  889 

interpolation  of,  890 
Tissues  removed  for  laboratory  diagnosis, 
1206 
rapid  examination,  1206 
Toes,  amputation,  at  first  phalanx,  oval 
method,  839 
at  last  phalanx  by  plantar  flap,  837 
at  second  phalanx  by  plantar  flap, 

838 
with  part  of  metatarsals,  844 
disarticulation,  at  first  interphalangeal 
joints,  oval  method,  838 
at  metatarsophalangeal  joints,  840 
at  second  interphalangeal  joint  by 

plantar  flap,  838 
at  tarsometatarsal  joints,  848 
en   masse   at   metatarsophalangeal 

joints,  842 
with  metatarsals,  845 
great,  disarticulation  of,  with  meta- 
tarsals, 845 
little,  disarticulation  of,  at  metatarso- 
phalangeal joint,  841 
with  metatarsals,  847 
two  adjoining,  disarticulation  of,  at 
metatarsophalangeal  joint,  842 
or  three  contiguous,  disarticulation, 
with  metatarsals,  848 
Tongue,  swallowing  of,  during  anesthesia, 

treatment,  1016 
Torsion  in  wounds  of  arteries,  1 1 3 
of  pedicle  in  cysts  of  ovary,  565 
Toxic  arteriosclerosis,  93 

arteritis,  experimental  aneurisms  ob- 
tained by  production  of,  245 
phlebitis,  143 
Trachelorrhaphy,  476 
Tracheotomy  in  diphtheria,  1135 
Transfusion,  direct,  of  blood,  615 
Brewer's  tube  for,  618 
Crile's  technic,  616 
HartwelTs  technic,  617 
Transplantation,  bone-,  in  chronic  osteo- 
myelitis, 740 
of  flaps,  893 
of  parathyroids,  957 
Transportation  of  accident  cases,  933 
of  media,  sterile  tubes,  bottles,  etc., 
method  of,  for  laboratory  diagnosis, 
1204 
of  patients,  means  and  methods,  1231 
Transporting  patients  before  and  after 

operation,  629 
Traumatic  aneurism,  107,  218 

hemorrhage,  174 
Traumatism  as  cause  of  aneurism,  244 
of  arteriovenous  aneurism,  292 
of  vagina,  418 
of  veins,    165.     See  also  Wounds  of 

veins. 
of  vulva,  417 
Trendelenburg's  operation  for  varicose 
veins,  159 
posture  in  failure  of  circulation  during 
anesthesia,  1017 


!  Trendelenburg's  table,  improvised,  632 
test  for  insufficiency  of  valves  in  vari- 
cose veins,  154 
Triangle  of  safety  of  Voinitch  and  Sianoj- 

entsky,  20,  28,  29 
Trigerninal  nerve,  intracranial  surgery, 
964 
neuralgia,  pathogenesis,  964 
recurrence,  after  removal  of  Gasse- 

rian  ganglion,  978 
removal  of  Gasserian  ganglion  for, 
964.     See  also  Gasserian  ganglion, 
removal. 
Tropacocain  as  subarachnoid  anesthetic, 

1087 
Trophic  disturbances  after  removal  of 

Gasserian  ganglion,  981 
Trousseau's  phenomenon  in  tetany  para- 

thyreopriva,  956 
Tubal  abortion,  576 
pregnancy,  575,  576 
rupture  in,  577 
Tubercle,  Chassaignac's,  188 
Tuberculosis,  influence,  on  surgical  prog- 
nosis, 620,  622 
of  bone,  aseptic  bone-cavity  filling  in, 
744 
x-rays  in,  1158 
of  vagina,  410 
Tuberculous  adenitis,  x-rays  in,  1 177 
Tubo-ovarian  cysts,  562 
double,  555 
pregnancy,  576 
TuffnelPs  treatment  of  aneurism,  247, 

248 
Tumors  and  aneurism,   differentiation, 
239 
dermoid,  of  ovary,  563 
in  aneurism,  235 

malignant,  resection  of  J>one  for,  745 
of  auditory  nerve,  removal,  992 
of   bone,    aseptic   bone-cavity   filling 

after  removal,  744 
of  Fallopian  tubes,  558 
of  Gasserian  ganglion,  982 

treatment,  983 
of  ovary  complicating  carcinoma  of 
uterus,  535 
solid,  564 
treatment,  570 
of  uterus,  517 
benign,  517 
fibroid,  517.     See  also  Fibroids  of 

uterus. 
malignant,  517 
parovarian,  560 
retroperitoneal,   and  cysts  of  ovary, 

differentiation,  569 
thyroid,    influence    of,     on    surgical 
prognosis,  624 
Turpentine,  oil  of,  in  hemorrhage,  207 
Twisting  of  arteries,  105 
Tympanites  and  cysts  of  ovary,  differen- 
tiation, 567 
Typhoid  fever,  abscess  of  spleen  after, 
1110 
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Typhoid  fever,  appendicitis  during,  1108 
cystitis  in,  1119 
diseases  of  joints  in,  1117 

of  sexual  organs  in,  1118 
epididymitis  in,  1118 
epidural  abscess  after,  1116 
gangrene  after,  1119 
hemorrhage  from  spleen  in,  1111 
infection  of  bile-passages  in,  1109 
of  bones  in,  1111 

etiology,  1112 

symptoms,  1113 

treatment,  1113 
of  liver  in,  1109 
intestinal  perforation  in,  1101 

diagnosis,  1104 

prognosis,  1105 

symptoms,  1103 

treatment,  1105 
joint  affections  in,  1117 
laryngeal  complications,  1118 
orchitis  in,  1118 
osteitis  in,  1111 
osteomyelitis  in,  1113 

x-rays  in,  1 162 
pancreatitis  in,  1110 
perforation  of  gall-bladder  in,  1108 
periostitis  in,  1111 
shirt-stud  abscess  in,  1113 
spine  of,  1114 

treatment,  1116 
spleen  in,  1110 

stricture  of  esophagus  after,  1 108 
surgery,  1101 
urethritis  in,  1118 

Ulcer,  rodent,  x-rays  in,  1175 
Ulceration  of  arteries,  86 
syphilitic,   of  cervix,   and   cancer  of 
uterus,  differentiation,  536 
Ulcerative  periarteritis,  86 
Ulcers,  granulating,  skin-grafting  in,  896 
varicose,  154 
Moreschi's  operation  for,  160 
radical  operation,  158 
treatment,  157 
Ulna,  excision  of,  768 
Ulnar  artery,  ligation,  698 

in  lower  third  of  forearm,  701 
in  middle  third  of  forearm,  699 
Umbilical  hernia,   local  anesthesia   in, 

1075 
Unguentum  Grade",  596 
Uremia,  diagnosis,  1222 
Ureteral  calculi,  x-rays  in  detecting,  1153 

fistula  in  female,  diagnosis,  448 

Urethrovaginal  fistula,  closure  of,  455 

Dudley's  operation  for,  456 

Schede's  operation  for,  456 

Ureterovesicovaginal  fistula,  450,  456 

Ureters,  catheterization,  in  gynecologic 

examination,  378 
Urethra  in  gynecologic  examination,  368 
operations  on,  local  anesthesia  in,  1076 
Urethral  caruncle,  402 

neuromatous,  in  female,  402 


Urethritis  in  tvphoid  fever,  1118 
Urethrovaginal  fistula,  diagnosis,  448 
Urethro vesicovaginal    fistula,    Macken- 

rodt's  operation  for,  452 
Urinary  fistula  in  female,  446 
classification,  446 
course  and  symptoms,  447 
diagnosis,  448 
etiology,  447 
treatment,  449 
operative,  449 
preparatory,  449 
Urine,  examination,  before  anesthesia, 
1007,  1008 
suppression  of,  after  operation,  653 
Uterine  cavitv,  digital  exploration,  in 
gynecologic  examination,  370 
dilatation,  in  gynecologic   examina- 
tion, 370 
sound  in  gynecologic  examination,  370 
Uterosacral   ligaments,   shortening,   for 

retroversion  of  uterus,  510 
Uterovaginal  prolapse,  491 
Uterus,  absence  of,  383 
accessory,  386 
adenocarcinoma  of,  532 
anteflexion,  499.     See  also  Anteflexion 

of  uterus. 
ante  version,  498 
treatment,  499 
bicornis  bicolis,  385 
bilobularis,  384 
carcinoma  of,  530.    See  also  Carcinoma 

of  uterus. 
chorio-epithelioma  of,  539 
and  cancer  of  uterus,  differentiation, 
537 
didelphys,  385 
dislocations,  498 
displacements,  490 
downward,  490 
upward,  490 
double,  384 

fibrocystic  tumors  of,  523 
fibroids  of,  517.     See  also  Fibroids  of 

uterus. 
fibromyxoma  of,  524 
inflammation  of,  460.  See  also  Metritis. 
inversion,  511.    See  also  Inversion  of 

uterus. 
malformations  of,  383 
myoma  of,  517.     See  also  Fibroids  of 

uterus. 
prolapse,  490.     See  also  Prolapse  of 

uterus. 
retroflexion,  502 

treatment,    503.     See    also    Retro- 
version of  uterus. 
retroversion,    501.     See    also    Retro- 
version of  uterus. 
rudimentary,  385 
rupture,  479 

treatment,  480 
sarcoma,  538 
and  carcinoma  of  uterus,  differentia- 
tion, 537 
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Uterus,  septus,  384 
surgery,  460 
tumors  of,  517.      See  also  Tumors  of 

uterus. 
ventrofixation  of,  for  retroversion,  507 
ventrosuspension  of,  for  retroversion, 

507 
unicornis,  385 
wounds,  479 

Vaccination,  surgery  of,  1131 
Vaccinia,  surgery  of,  1131 
Vagina,  absence  of,  381 
treatment,  381 
artificial,  construction  of,  381,  382 
Baldwin's  method,  382 
Beck's  method,  382 
atresia  of,  381 
benign  new-growths  of,  410 
carcinoma  of,  412 
treatment,  412 
chorio-epithelioma  of,  primary,  414 

treatment,  415 
condyloma  of,  pointed,  412 
cysts  of,  410 

treatment,  411 
double,  382 
fibromyoma  of,  411 
foreign  bodies  in,  415 

treatment,  416 
malformations  of,  381 
malignant  new-growths  of,  412 
sarcoma  of,  415 
stenosis  of,  381 
surgery  of,  408 

general  considerations,  387 
traumatism  of,  418 
tuberculosis  of,  410 
Vaginal  Cesarean  section,  485 
technic,  486 
examination,  363 

fixation  for  retroversion  of  uterus,  511 
hysterectomy,  540 

after-treatment,  547 
operations  for  retroversion  of  uterus, 
511 
Vaginismus,  396 
inferior,  396 
superior,  396 
treatment,  396 
Vaginitis,  408 
acute,  treatment  of,  409 
chronic,  treatment  of,  410 
treatment,  409 
Vagino-uterine  prolapse,  490 
Valsalva's  treatment  of  aneurism,  247 
Valves  of  veins,  141 
Vanzetti's   treatment   of   arteriovenous 

aneurism,  310 
Varicella  gangrenosa,  1139 

surgery  of,  1139 
Varicocele,  154 
Varicose  aneurism,  290 
by  dilatation,  291 
ulcers,  154,  155 

Moreschi's  operation  for,  160 


Varicose  aneurism,  radical  operation,  158 
treatment,  157 
veins,  152 
Babcock's  operation,  163 
causes,  152 
exciting,  determining,  or  localiz- 
ing, 152 
predisposing,  152 
clinical  varieties,  154 
complications,  155 
Delbet's   test    for   insufficiency    of 

valves  in,  154 
diagnosis,  156 
histologic  changes,  153 
influence  of  age  on,  152 
of  arteriosclerosis  on,  152 
of  nervous  diseases  on,  152 
of  phlebitis  on,  152 
of  pregnancy  on,  152 
of  sex  on,  152 
Kellar's  operation  for,  163 
Kraemer's  operation  for,  161 
lymphangitis  complicating,  155 
Mayo's  operation  for,  161 
Narath's  operation  for,  161 
neuralgia  complicating,  156 
of  lower  extremities,  154 
of  vulva,  405 
open  section,  161 
operations  for,  local  anesthesia  in, 

1079 
phlebitis  complicating,  155 
resection,  160 
rupture,  155 

Scnede's  operation  and  its  modifica- 
tions, 159 
Schwartz's  test  for  insufficiency  of 

valves  in,  154 
secondary  changes  from,  153 
thrombectomy,  161 
treatment,  156 
hygienic,  156 
operative,  158 
embolism  in,  164 
relapse,  165 
results  of,  164 
preventive,  156 
Trendelenburg's  operation,  159 
test  for  insufficiency  of  valves  in, 
154 
Variola,  surgery  of,  1 1 39 
Varix,  anastomotic,  153 
aneurismal,  290 
venous,  152 
Vasa  vasorum,  84 

Vascular  system,  effect  of  multiple  in- 
juries on,  940 
surgery,  17 
Vasotribe,  Doyen's,  113 
Vasotripsy  in  wounds  of  arteries,  1 13 
Vein,  femoral,  ligation  of,  169 
suture  of,  172 
jugular,  ligation  of,  170 
popliteal,  ligation  of,  170 
subclavian,  suture  of,  172 
Veins,  arterializing,  296 
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Veins,  coats  of,  140 
diseases  and  injuries,  140 
external  coat,  140 
foreign  bodies  in,  168 
gunshot  wounds,  168 
internal  coat,  140 
ligation,  168 
middle  coat,  140 
patching  of,  172 
preliminary  anatomic  and  physiologic 

data,  140 
surgery,  140 

Buture  of ,  1 7 1 .   See  also  Phleborrhaphy. 
traumatisms  of,  165.     See  also  Wounds 

of  veins. 
valves  of,  141 
varicose,     152.     See     also     Varicose 

veins. 
wounds  of,  165.     See  also  Wounds  of 
veins. 
Velpeau's  method  of  excising  upper  jaw, 

754,  757 
Vena  cava,  ligation,  170 
porta*,  ligation,  170 
suture,  172 

terminolateral  transplantation,  into 
cava,  172 
Venereal  warts  of  vulva,  401 
Venous  anesthesia,  1081 
hemorrhage,  180 

in  wounds  of  veins,  conditions  which 
increase  or  diminish,  167 
effect  of  asepsis  on,  167 
of  heart  disease  on,  167 
'  ligation  for,  168 
spontaneous  arrest,  166 
suture  for,  171 
internal,  in  wounds  of  veins,  166 
subcutaneous,  in  wounds  of  veins,  166 
transplantation,  partial,  of  Carrel,  137 
trunks,    large,   ligation   of,   collateral 

circulation  after,  169 
varix,  152 
Ventral  hernia  and  cysts  of  ovary,  differ- 
entiation, 567 
local  anesthesia  in,  1075 
Ventricles  of  heart,  wounds,  causes  of 

sudden  arrest  of  heart  action  in,  49 
Ventrofixation  of  uterus  for  retroversion, 

507 
Ventrosuspension   of   uterus   for   retro- 
version, 507 
Vertebrae,  cardiac,  42 

excision  of,  769 
Vertebral  artery,  ligation,  686 
Vertigo,  division  of  auditory  nerve  for, 

994 
Vesical  calculi,  x-rays  in  detecting,  1154 
fistula  in  female,  diagnosis,  448 
gynecologic  examination,  368 
Vesicovaginal  fistula,  denudation  opera- 
tion for,  450 
after-treatment,  450 
kolpocleisis  in,  457 
Mackenrodt's  operation  for,  452 
mobilization  operations  for,  451 


Vesico-uterine  fistula,  closure  of,  454 
Vesicouterovaginal  fistula,   closure  of, 

454,  455 
Vienna  mixture  as  anesthetic,  1042 
Virgins,  gynecologic  examination  of,  374 
Visiting  staff  of  hospital,  organization, 

Vitium  cordis,  50 

Voinitch's  syringe  in  pericardicentesis,  28 

triangle  of  safety,  20,  28,  29 
Volkmann's  method  of  excising  knee- 
joint,  786 
of  performing  arthrectomia  synovi- 
al, 787 
osteotomy  of  upper  end  of  femur,  750, 
751 
Vomiting   after   anesthesia,    treatment, 
1018 
after  hysterectomy,  treatment,  548 
after  operation,  treatment,  650 
von  Bnins'  method  of  excising  elbow- 
joint,  780 
Vulva,  carcinoma  of,  406 
treatment,  407 
condyloma   of,    401.     See   also   Con- 
dyloma of  vulva. 
acuminata  of,  401 
lata  of,  401 
elephantiasis  of,  400 
fibromyoma  of,  403 
hard  papilloma  of,  401 
hydrocele  of,  404 
treatment,  405 
hypertrophy  of,  399 
inflammatory  and  allied  diseases,  388 
kraurosis  of,  398 
treatment,  399 
lipoma  of,  403 
lupus  of,  393 
new-growths  of,  benign,  399 

malignant,  406 
pruritus  of,  394 

treatment,  395 
sarcoma  of,  408 
surgery,  388 

general  considerations,  387 
traumatism  of,  417 
varicose  veins,  405 
venereal  warts,  "401 
warts  of,  401 
warty  growths,  401 
Vulvitis,  388 
chronic,  390 
diphtheric,  389 
etiology,  388 
gonorrheal,  389 

treatment  of,  390 
puerperal,  390 
symptoms,  389 
treatment,  390 
Vulvovaginal  glands,  inflammation,  391 

Walkowitch's  method  of  excising  knee- 
joint,  786 

Wallace  and  Marriage's  operation  for 
division  of  auditory  nerve,  995 
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Warbasse's  method  of  arthrectomy  of 

knee-joint,  787 
Wardrop's  operation  for  aneurism,  256 
Warning  hemorrhages  of  Pirogoff ,  87 
Warren^  sterilized  test-tube,  1202 
Warts  of  vulva,  401 

venereal,  of  vulva,  401 
Warty  growths,  pointed,  of  vulva,  401 
Water,  3iot,  for  prophylactic  hemostasia, 
194 
sterilization  of,  incomplete,  for  opera- 
tion, method  of  detecting,  1201 
Water-wheel  bruit  in  wounds  of  heart,  55 
Wat  kins'  operation  for  complete  tears 

of  perineum,  433 
Weber's  method  of  excising  upper  jaw,  754 
Wertheim-Watkins  operation  for  cysto- 

cele,  444 
Whiplash,  155 

White  clot  in  aneurism,  228,  229 
thrombus,  functions  of,  in  wounds  of 
arteries,  102 
Whites  in  gynecologic  examination,  357 
White's  method  of  excising  hip-joint,  784 
Whooping-cough,  surgery  of,  1136 
Wieting's  method  of  arteriorrhaphy,  129 
Williams'  sign  in  adhesive  pericarditis,  37 
Wills,    drawing   of,    by    surgeon,    legal 

aspects,  1195 
Wire  basket  for  laboratory  work,  1205 
Wiring  in  aneurism,  251 
WouVs  method  of  skin-grafting,  896,  899 
Wounding  coronary  vessels  in  pericardi- 

centesis,  26 
Wounds,  closure,  after  operation,  646 
dressing,  after  operation,  648 
infection,  methods  of  preventing  and 
overcoming,  592 
sources,  591 
of  arteries,  angiotripsy  in,  1 13 
Brewer's  method  of  closing,  139 
cicatrization  and  final  healing,  104 
complete,  99 
compression  in,  1 1 1 
electrothermic  angiotripsy  in,  114 

Downes'  method,  115 
f orcipressure  in,  1 12 

history,  113 
gunshot,  101 

provisional  hemostasis  in,  101 
hemostasis  in,  effect  of  contusion  on, 
103 
of  diminished  arterial  pressure 

on,  104 
of    increased    coagulability    of 

blood  on,  104 
of  laceration  on,  104 
of  long,  tortuous,  narrow  tracts 

on,  104 
of  shock  on,  104 
incised,  100 
incomplete,  99 
ligation,  115.     See  also  Ligation  of 

arteries. 
longitudinal,  100 
natural  hemostasis  in,  101 


Wounds  of  arteries,  non-penetrating,  99 
oblique,  100 
open,  99 
penetrating,  99 
perforating,  99 

provisional  hemostasis  in.  101 
punctured,  99 
red  or  passive  clot  in,  functions  of, 

102 
spontaneous    hemostasis    in,    per- 
manent. 104 
temporary,  101 
subcutaneous,  105 
complications,  108 
diagnosis,  108 

infection  and  suppuration  in,  108 
ligations  in  continuity,  1 10 
prognosis,  108 
symptomatology,  108 
treatment,  109 
thrombus  in,  organization  of,  104 
influence  of  infection  on,  105 
torsion  in,  113 
transverse,  100 
treatment,  111 
vasotripsy  in,  1 13 

white  thrombus  in,  functions  of,  102 
of  auricles  of  Heart,  causes  of  sudden 

arrest  of  heart  action  in,  49 
of  coronary  arteries,  79 
of  heart  by  impaling,  52 
cardiorrhaphy  in,  68 
anesthesia,  72 
closure  of  wound,  72 
drainage     of     pericardium     and 
pleura  after,  70 
character,  51 
classification,  51 
clinical  career,  56 
complications,  56 

control  of  cardiac  circulation  in,  44 
contused,  51 
crushed,  51 
diagnosis,  53 
etiology,  51 
experimental  data  and  physiopathol- 

ogy,  42 
exploratory  pericardiotomy  in,  59 
Kocher's  method,  61 

Rehn's  modification,  62 
McBurney's       muscle-splitting 

principle  in,  63 
Ollier's  method,  62 
Porter's  method,  62 
Spangaro's  method,  63 
external  or  extrinsic,  51 
gunshot,  51 
incised,  51 

internal  or  intrinsic,  51 
localization,  51 
mill-wheel  bruit  in,  55 
mortality  from,  causes,  74 
Nietert's  bruit  in,  55 
opening  of  pericardium  in,  67 
penetrating,  effects  of,  52 
frequency  of,  52 
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Wounds  of  heart,  penetrating,  localiza- 
tion of,  52 
pleuropericardial  infection  in,  67 
pneumothorax  in,  treatment,  66 
preservation  of  contractility  of  heart 
muscle  after  exclusion  of  circula- 
tion, 46 
punctured,  51 
statistical  conclusions,  74 
sudden  arrest  of  heart  action  in, 

causes,  47 
symptoms,  53 
terminations,  56 
thoracotomy  in,  58 
treatment,  57 
of    associated     pleuropulmonary 

lesions  in,  66 
operative,  58 

methods  of  election,  59 
postoperative,  73 
water-wheel  bruit  in,  55 
x-rays  in,  56 
of  lungs  in  pericardicentesis,  30 

in  wounds  of  heart,  treatment,  66 
of    myocardium,    causes    of    sudden 

arrest  of  heart  action  in,  48 
of  pericardium,  38,  40 
of  pleura  in  wounds  of  heart,  treat- 
ment, 66 
of  uterus,  479 
of  veins,  165 

air-embolism  in,  168 
complications,  168 
fat-embolism  in,  168 
gunshot,  168 

internal  hemorrhage  in,  166 
open,  165 
subcutaneous,  165 

hemorrhage  in,  166 
symptoms,  165 
of  ventricles  of  heart,  49 
redressing,  after  operation,  648 
Wrist-joint,  disarticulation  at,  anterior 
ellipse,  818 
external  lateral,  or  radial  flap,  819 
excision,  780 

Boeckel's  method,  782 
by  single  dorsal  incision,  782 
by  two  dorsal  incisions,  781 
Langenbeck's  method,  782 
Lister's  method,  782 
Ollier's  method,  781 
through  bilateral  incisions,  782 
Wyeth's   method   of  disarticulation   at 
hip-joint,  872 
pins,*  828 

X-ray,  action  of,  on  bacteria,  597 
anatomy,  1148 

cancellous  structure  and  shape  of 

bone,  1150 
cortical  bone,  1150 
epiphyseal  lines,  1151 
medullary  canal,  1151 
outline  of  bones,  1150 
as  cause  of  azoospermia,  1 173 


X-ray,  beneficial  effects,  1 175 
comparison  of  skiagraph  and  photo- 
graph, 1147 
conditions  necessary  for  clear  details, 

1151 
deleterious  effects,  1171 
dermatitis,  1172 
examination,  gynecologic,  376 

in  aneurism,  236 
hard,  1147 

in  abscess  of  bone,  1162 
in  adenitis,  1177 
in  atrophic  arthritis,  1 163 
in  atrophy  of  bone,  1163 
in  bone-cyst,  1169 
in  bone-disease,  1 156 
in  carcinoma,  1176 

recurring  after  operation,  1176 
in  caries  sicca,  1 158 
in  chondrody  atrophia  foetalis,  1 165 
in  ciironic  arthritis,  1162 
in  detecting  biliary  calculi,  1155 

foreign  bodies,  1151 

renal  and  ureteral  calculi,  1153 

vesical  calculi,  1154 
in  epithelioma,  1175 

ol  mucous  membranes,  1176 
in  exophthalmic  goiter,  1177 
in  exostosis  bursata,  1169 
in  foreign  bodies  in  heart,  56 
in  fractures,  1 155 
in  giant-cell  sarcoma  of  bone,  1169 
in  gout,  1163 

in  Hodgkin's  disease,  1 177 
in  hypertrophic  arthritis,  1163 
in  keloid,  1175 
in  lupus,  1 175 

in  multiple  chondral  exostoses,  1168 
in   non-suppurative   joint   infections, 

1163 
in  osteitis  deformans,  1167 
in  osteoma,  1169 
in  osteomalacia,  1167 
in  osteomyelitis,  1 161 
in  periosteal  dysplasia,  1166 
in  rickets,  1164 
in  rodent  ulcer,  1 175 
in  sarcoma,  1176 

of  bone,  1169,  1170 
in  scrofuloderma,  1175 
in  surgery,  1143 
in  syphilis  of  bone,  1160,  1161 
in  tuberculous  adenitis,  1177 
in  wounds  of  heart,  56 
injurious  effects,  on  internal   organs, 

1173 
miscellaneous  uses,  1177 
penetrating  power,  1146 
physical  experimentation   leading  to 
discovery,  1144 

properties,"  1144 
soft,  1147 
treatment,  1175 

Zander  diagram,  981 
Zinc  chlorid,  595 
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SAUNDERS'    BOOKS 

FOR  NURSES 

This  work  explains  the  entire  range  of  pri- 
vate nursing  as  distinguished  from  hospital 
nursing,  and  gives  full  directions  how  to 
improvise  everything  needed  in  the  sick- 
room. The  American  Jour- 
nal of  Nursing  says '  -it  may 
well  be  recommended  as 
being  of  great  general  use- 
fulness. The  best  chapter  is  the  one  on 
observation  of  symptoms  which  is  very  thor- 
ough." The  nurse  is  given  definite  direc- 
tions how  best  to  meet  various  emergencies. 


STONEY'S 

PRACTICAL 

NURSING 


Stoney's  materia  medica  was  written  by  a 
head  nurse,  and  therefore  that  side  of  ma- 
teria medica  with  which  the  nurse  is  par- 
ticularly concerned  has  been  emphasized. 
American  Medicine  says  it  STONEY'S 
contains  "all  the  informa-  MATERIA 

tion  in    regards  to  drugs 
that  a  nurse  should  possess. 
The  treatment  of  poisoning  is  stated  in  a 
manner  that  will  permit  of  its  being  car- 
ried  out   thoroughly    and    intelligently.' ■ 
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